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ABSTRACT

Field and Net- -House Experiments were carried out in
the &G&ngetic alluvial plains (Entisol soil) in the three
H
consecutive years (1984-85 to 1986-87 ) under rainfed condition,

of M W(“a ¢
with{the objectives xg study ard find out :

(1) the productivity of rabi crops viz. linseed (cv.
B-67), peas (cv. B-22), lentil (cv. B=77) and lathyrus (cv.
Nirmal), a variety of low neurotoxin content as substitute
crops of lathyrus (cv. local) grown as paira crop (or relay)
either with a sole aman rice crop of long duration variety
(cv. Swarna) or with an intercrop of rice in alternate‘paired

rows of early (cv. MW 10) and late (cv, Swarna) varietieiz>

(ii) the suitable package of practices for the rabi
crops to augment their production under paira cropping as

against conventional method of crop establishment;

(iii)<;;e effect of pre-sowing seed . treatment (with

2

lopment of the naira crops and

Na HPO4) to improve the stand establishment, growth and deve=-

(iv) the effect of fertilizer application as top

dressing on the performance of the Rabi CrOpS;:>

Stand establishment wds better under conventional
method of crop establishment than under paira croppian) Peas
and lentil showed 18.1 and 16.5 % lesser stand establishment
under paira croppring than under conventional tillage, res=-

pectively; linseed, however, showed better performance in this



(ix)

regard than others, Through Net House Experiments it was
further confirmed that(gﬁand establishment of peas are more
adversely affected than other winter chps under different
sulmergence durations, §tand estabiishment of lenﬁil &as;
adversely affected when sgbmergence afﬁér sowing was more
than 24 hours but in case of linseed it was be;ier even ag\’
36 hours of submergence. . stand establishment of Iathyrus
varieties was least affected due to varied periods of sub-
mergence, even upto 72 hours. Pre-sowing seed treatment and

fertilizer top dressing had no significant effect on stand

establishment under paira croppin%Z)

(%ean shoot dry matter accﬁmulation was higher (15 %)
in winter crops grown under conventional tillage /(which
followed early variety of rice 'MW 10' and where both ferti-
lizer and éeeds could be drilled and loose soil mulch could
be provided? %;an under paira cropping.| Again paira cropping
following intefcrop of '‘early 'MW 10' + late ‘'Swarna' rice
recorded better shoot dry matter accumulation (9.2 %) than
under paira cropping, following sole crop of late ‘Swarna’
rice, (éﬁgher shoot dry matter accumulation was recorded in
peas and lLathyrus varieties than lentil and linseed. ?re—
sowing seed treatment increased shoot dry matter accumulation
significantly in winter crops under different situations.
Fertilizer top dressing (20 kg N + 40 kg P,0g / ha) also
increased shoot dry ;atter accumﬁlation in winter crop§2>‘
The highest increase in shoot dry matter accumulation due to

fertilizer top dressing (45 %) was recorded in linseed under

paira method of crop establishment,



(x)

‘ ngot dry matter accumulations were mare at 60 and 105 days
éfter sowing upto 60 cm of soil depth, in winter crops established
under conventional tillage than under paira croppiqé) Again paira
drops following intercrop of ‘MW 10' + 'Swarna‘' rice showed higher
root dry matter accumulation than those recorded in paira crops
following sole crop of *'sSwarna‘' rice. Amongst all winter crops,
maximum root dry matter production was recorded in peas and the
ﬁinimum was recorded in linseed, (g}e-sowing seed treatment and

fertilizer top-dressing increased root dry matter production in

winter crops significantl§?>
e .

(gﬁe mean grain yields of all the.winter crons grde under
conventional tillage (1667 kg / ha), was higher than that under
paira croéping following intercrop of 'MW 10' + ‘Swarna‘’ rice
(1529 kg / ha) and those following sole crop of ‘sSwama' rice
(1389 kg / ha).
| <

i
i

The mean grain yield was highest in lathyrus (Nirmal)
(1835 kg / ha) followed by local variety of lathyrus (1739 kg / ha)
a%d peas (1714 kg / ha) and the lowest was recorded in linseed
(883 kg / ma). CEEe-sowing seed treatment (10.6 %) and fertilizer
tpp dressing (25.2 %) increased mean grain yields of winter crops
g&own under paira cropping, signifioantl¥;> The highest benefit of
fertilizer top dressing was recorded in linseed (61 %). The pro-
chtivity of crops was high due to increase in the number of either

pods or capsules / ha.

¥

From monetary point of view, the highest profluctivity was
recorded™in peas (Rs.7,288 / ha}) Though the overall grain yield
of linseed was lower than the grain yield of lentil and lathyrus

y%t from the monetary pcint of view(§he advantage of linseed growing.



| | (xi)
with adequate fertilization under paira cropping was similar to
yentil and lathyrus (Nirma%}) The productivf%y (Rs. / ha) of
ientil was higher than that of lathyrus (local). (E?e highest
productivity in terms of energy output (MJ / ha) point of view,
was recorded in Lathyrus (Nirmal) followed by lathyrus (local)

and the lowest was in lenti%;> Linseed showed higher energy output
QMJ) than lentil due to the hicher energy value in linseed seeds

per unit weight,

J/’\
(Eie total soil moisture loss was much higher under paira

drOpping than those under conventional tillage, as bulk of moisture
was lost through evaporation from the surface of the soil at the
early stage of crops establishmen£;> The water use efficiency (WUE)
was maximum in IAathyrus (Nirmal), 12.2 kg / mm / ha under conven-
tional tillage and least (1.18 kg / mm / ha) in linseed under paira
crop. The WUE was much higher in winter crops under conventional
Qillage than under paira cropping. The WUE under paira cropoing,
f&om pre~sowing treated seeds, and adequately fertilized treatments
were 1,32, 2.60, 1.70, 2.49 and 2,40 kg / mm / ha in linseed, peas,
lentil, lathyrus (Nirmal) and lathyrus (local), respectively.
<§EPS' it was concluded that, in lowland rice cultivated field peas
can be grown most profitably as paira crop and can be a good sub-
§£itute crop for lathyrus, by broadcasting the seeds in standing '
aman rice, 10 - 12 dayé prior to it's harvesting. From £he point
of view of monetary advantage, linseed, with proper fertlllzer

mhnaoement (20 kg N + 40 kg p / ha) as paira crop will be as

2 5
good as lentil and lathyrus )(cv. Nirmal with low neurotoxin content
a d maturing 10 - 15 days later than Lathyrus local). (%%nl Crops
following mixed cropping of early and late varieties of rice,

xielded better (10 %) than those following late variety of rice,

Aainly because of better utilization of profile stored soil moisturéT)



LIST OF ABBREVIATIONS

Benzene Hexachloride
Centimetre

Critical difference
Days after sowing

Fertilizer with 20 kg N+40 kg ons/ha

Gram

Hectare

Hour

Kilogram per hectare
Lathyrus (local)
lathyrus (Nirmal)
Milligram
Millimetre
Millijule per hectare
Not significant
Quintal

Rice

Rupees

square metre

standard error of mean

Water use efficiency

kg / ha

Iathyrus-L

lathyrus~N

g

mm

3



CHAPTER 1

INTRODUCTION



1. INTRODUCTICON

In eastern India comprising West 3engal, Bihar, Orissa,
Assam, eastern U,P. as well as in Central India (comprising rice
¢rowing areas in Madhya Pradesh) rice fields remain submerced
with varying water cdepth, during the monsoon menths., xice,
usually the tall indica varieties, are generally cultivated in
such areads. The productivity of aman or wet season rice in low-
‘land, are generally low cdue to poor drainage conditions, poor
radiation receipts during the season, improper choice of varieties
and management oractices, Where the stagnation is hich, mixed
seeds of early and late varieties are broadcasted to get the most
from the unpredictavle rainfall conditicn., The rice crop in low
lying situations are usually harvested late in November and it
may extend even in the first week of December., Due tc this
reascn estaplishment of rabili crops after harvesting of aman rice
in lowland get delayed, more so when one wantse to estaprlish the
crop following convertional tillace. land nrenaraticn can only
ne taken up after the scil get bit dried up for nrover tillace.
‘'The productivity of winter fggggl_crOps is much denendert on the
prevailing temnerature conditions as well as to the extent of
moilsture stored in the scil profile. Winter condition prevailing
in eastern India is usually short and mild. i

In scme parts of India (West 3engal, 3inar, parts of
Assam, Orissa and uUttar Pradesh and Madhya Pradesh) as well as

'in 3angladesh, relay crooning (Paira / utera) of lathyrus

sativus L., which is also kncwn as ¢rass pnea, in lowland aman

rice is pxactised. 'The seeds of lathyrus are broadcastec in



2

.

v
standing rice, 15 -« 30 days orior to its harvest, when the soil

remainfsubnerged or in saturated condition. After sowing the
wate£ is drained out after 10 to 24 h. In India lentil and
Iathyrus occupy about 10,0 and 15,6 lakhs hectares of land,
respectively with respective total productions of 4,4 and 6.0
lakhs tonnes. About 82 % of the total area of lathyrus cultiva=-
tion is confined in West Bengal, Bihar and Madhya Pradesh, contri-
buting about 95 % of the total production. <Cut of total area
under lathyrus more than 8C % of the crops 1s established through

utera (Paira) condition, Likewise lentil too occupies a sizable

area under utera system (Roy Sharma et al., 1982).

The Iathyrus varieties that are béing cultivated have
hich neurctoxin (L=~ "C-ﬁ Diamino propionic acid), Due to this,
lathyrism disease 1s caused to the regular consumers of lathyrus
grains. The neurotoxin contents of Lathyrus usually vary from
0.23 to 1.5 per cent (Dwivedi, 1983). For this reason the World
Health Orcanisation has panned its cultivation to stop its
consumption. S0 there is avgreat need of finding out a substitute
crop or a variety of Lathyrus having low neurotoxin content,
3which can grow well by utilizing profile stored solil moisture
iafter harvesting of late sown aman rice. Only at very few
research stations (Bareilly, Dholi and Kanpur) this type of
‘work has so far been t2ken up. ROy Sharma et al., (1982)
‘reported that through proper management productivity of lentil

| , . . .
‘under relay (utera / paira) cropping can be as high as 15.9,

1
|

16.3 and 10.4 4 / ha as - found at RBareilly, Kanpur and Dholi,
|

‘respectively.

|
)
|
!



Winter condition in the Gangetic plains of West 3engal,
is shorter and milder than that prevails in 8ihar and U.?. From
the available published literature it appeared that not much work
has been done in this line in West Bengal where the area under
Iathyrus is 89,000 hectares in 1984-85, higher than any other
ipdividual grain legume crop, with an average yield of 584 kg / ha.
Fﬁrtber ir many areas these are utilised as a fodder crop to meet

the demands of hich yielding milch cows.

In the research work presented in this thesis consicts
of the findings of @ number of field and net house experiments

carried out with the follcowing objectives

i) to evaluate the productivities of a number of Rabi
(winter growing) crops viz s lentil, neas, linseed and lathyrus

(local as well as of a variety containirg low neursctoxin)

ii) to find ocut the effects of pre-sowing seed treatment
and fertilizer application on the productivity of the Rabl crops

established under paira croppirng and

iii) to find out the relative meritc and demerits in the
establishment of rabi crops with minimum tillage as a relay
(paira) cron as compared to the crop established under conven=—
tional tillage methods, following early,late and intercrcpped

tearly and late varieties' of rice,

t
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REVIEW OF LITERATURE



2, REVIEW OF LITERATURE

In Eastern and in North Eastern India comprising the
States of Assam, Bihar, Eastern Uttar Pradesh, Orissa and wWest
Bengal, rice is the pre-dominant crop cultivated in kharif

l'season. Although a good array of dwarf high yielding short
duration rice varieties are available yet tall and long duration
varieties are predominantly cultivated during kharif season in

i medium to lowland situations. These long duration rice varieties
are usually harvested between mid-November and mid-December, when
gsowing of rabi seeds after usual land preparation becomes late.
Under such situation lathyrus sativus L. (now onwards will be

referred as lathyrus)is cultivated widely as relay (Paira) crop.

In West Bengal lathyrus occupies the highest acreage _
amongst all grain legumes or pulses as post monsoon rabi season
crop, But most of the lathyrus varieties cultivated in farmer's
field contain high amount of neurotoxin, causing lathyrism, a
disease seen amongst its consumers, for which Government was been
forced to ban its cultivation to avoid health hazard., But, at
the same time, it is also necessary to suggest an alternative
crop to the farmers, with suitable package of practices, to tap
the untapped resource of avallable water, remaining in the soil
after the harvest of kharif rice,

Iin this chapter an effort has been made to review the
literature on experiments done in this direction and on the
establishment and growth of winter grain legume or oilseed crops
under adverse situations.

2.1 Relay cropping

Relay cropping is inter sowing of seeds of the following
crop in the preceeding annual crop, 1 to 2 week before harvest-
ing (swaminathan et al., 197C). Relay planting at ICRISAT,
Hyderabad alsco indicated encouraging potentialities for effect-
ive soil and water source utilization and increased yield
(Krantz and associates, 1974). Relay cropping is designed to
use the second season after monsoon, even under rainfed condition.
This practice helps to overcome post monsoon land preparation
problems, take advantage of late monsoon rains to aid establishment



and make efficient use of residual moisture left after the
‘kharif crop (ICRISAT, 1974). Since many of the monsoon season
crops mature during the period when the monsoon rainfall is

Waning , relay - planting of the post monsoon crops 1 - 3 weeks
before harvest of rice offers a method of reducing the risk of
failure in establishing a second crop (Krantz and Associates,
1974). House et al,, (1968) emphasized the extreme importance
of timeliness in relay planting operations. Although relay
cropping is normally not practised in the rainfed semi-arid
tropics, the development of high yielding short season varie-
ties has opened new avenues for relay cropping in such areas,
especially in the black soilg, which have high water holding
capacity. sStudies conducted at ICRISAT, Hyderabad showed that
growing a maize crop instead of the traditiomal fallow land
treatment during the rainy season had no effect on post rainy
season crops. Yields of sorghum, chickpea, pigeonpea and saff-
lower were just as good after maize as after the traditiomal
fallow, While after rainy season sorghum, yields of the post-
rainy season crops were a little lower than those after maize.
In monetary terms, maize with chickpea was best, followed by
maize with sorghum, then maize with pigeonpea. Post rainy season
pigeonpea and sorghum were better as relay crops (sown on 12
September, before harvest of the first crop on 30 September) than
as sequential crops (sown on 1 October immediately after the
harvest of the first crop), but chickpea was markedly better as
a sequential crop. Sequential cropping was directly compared
with maize / pigeonpea or sorghum / pigeonpea intercropping and
was found that the best sequential systems of maize-chickpea and
sorghum-chickpea averaged 12 % higher gross return than inter-
cropping. ©On an average, early sowing of relay crops increases
the chances of having sufficient moisture for good crop establish-
ment in the post~rainy season, a factor which is of paramount
importance in unfavourable seasons (ICRISAT, 1976; 1977:; 1978;
1979 and 1980).

2.2 Deployment of reserve materials in seeds for initial growth
Seeds characteristically contain relatively large amount
of food reserves which support growth and development of the
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seedling until it can establish itself as a photosynthesizing,
autotrophic plant. These reserves are for the most part, but
not exclusively, laid down as discrete, intracellular bodies
and include lipid, protein, carbohydrate, organic phosphate and
various inorganic compounds.

There are great differences among seeds in their content
of food reserves, Carbohydrates, mainly starch, predominate in
the cereals, though protein and lipids are also present. 0il-
seeds store lipids as their main reserves but high levels of
protein, together with even higher amounts of starch and little
lipid are found in legumes,

During maturation loss of moisture is bound to happen
and water is essential for the hydration of seeds as the initial
step towards germination, The amount of water taken up by an
imbibing seed depends upon a number of factors (e.g. size,
hydros tability of contents etc.,) but in absolute terms it is
quite small and often may not exceed 2 -~ 3 times the dry weight
of the seed, For establishment and subsequent growth of the
seedling, large amount and sustained water supply is required,
Two ma jor factors have to be considered when water uptake by
seed is dealt with and these are (i) water relations of the
seed, and (ii) the relationship between the seed and its sub-
strate, When seed is planted in soil its rate of imbibition
and subsequent germination may be determined by impedance due
to soil matrix and the degree of contact of the seed with the
so0il moisture (Bewley and Black, 1978), Hydrolysis of food
matter in the seed triggers up the respiration mechanism,

Respiration during initial water uptake, germipnation
and early growth require a supply of readily available substrate
other than that derived from hydrolysis of the major stored
reserves, since the later only becomes available after embryo
growth has commenced. The dry seeds of 81 species of monocots
and dicots were analysed and found that all of them contained
sucrose, 70 contained the tri-saccharide raffinose and 35
contained the tetra-saccharide stachyose, The distribution and
levels of these sugars are available, For example in Pinus
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thunbergii the content of stachyose, raffinose and sucrose is
0.3, 0,22 and 0.12 g / 100 g dry seed, respectively whereas in
soybean the proportions are 5,2, 1.9 and 8,0 g / 100 g dry seed
(Bewley and Black, 1978).

Sucrose and raffinose in the embryo are depleted during
the first 24 h of imbibition, sucrose levels declining rapidly
within the first 6 - 9 h followed by utilization of raffinose
after 14 h (Bewley and Black, 1978)., This sequence of di and
oligo-saccharide hydrolysis and oxidation has also been found
in a number of dicot and gymnosperm seeds, often with the
sucrose utilized before radicle emergence and then raffinose or
stachyose during subsequent early growth, prior to mobilization
of the major stored reserves, There are exceptions though.

For example, in soybean both raffinose and stachyose levels
decline by about 50 % over the first 48 h after imbibition
starts, during which time germination occurs and rootlets are
formed, sSucrose, which is more abundant than the other two
oligo saccharides, only declines between the second and fourth
day after imbibition starts (Bewley and Black, 1978).

Mobilization of reserves from seed for the growth and
maintenance of germinated seed has been of interest to the
researchers sifice long time back and a voluminous literature
has accumulated. 1In this review, work on only those crops
where cotyledons are the major storage organs especially the
non-endospermic ones; are being reviewed,

2.2.1 Reserve mobilization in non-endospermic dicotyledonary
crops

Isolated axes of peas are not dependent on the reserve
material of the cotyledons during the initial stages of radicle
elongation., Reserves of carbohydrate, protein and fat in the
radicle itself must be sufficient for these early events, and
sucrose, raffinose and stachyose probably serve as respirable
substrate., But after these early events have passed, the
further development of the root and shoot systems depends upon
the contributions from the cotyledons. Their stored materials
are hydrolysed and transported into the axis which probably
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controls the mobilization atleast for the first 48 hours after
the start of imbibition, Mobilization of starch and protein
reserves in intact legume cotyledon commences after the radicles
has started to elongate,

Mobilization of reserve matter in this type of grain
legume may be either biphasic or linear and gradual.Cotyledons
of many legumes contain cell wals which are rich in hemicellu-
loses, Mobilization of these components have been studied in
Pisum, Phaseolus and Lupinus and the product of hydrolysis are
largely unknown (Bewley and Black, 1978).

2,2,2 Reserve mobilization in endospermic dicotyledonary
leguminous crops

Between the seed coat and cotyledons of legumes of the
trifoliate lies a well-developed endosperm, the tissue contain-
ing the reserve carbohydrate, Outermost layer of this endospemm
is the aleurone layer which, unlike the rest of the endosperm is
made up of living cells devoid of galactomannan reserves- which
is a large polymer of mannose attached to single unit of galac-
tose at the end, Endospermic reserves of leguminous seeds appear
to be less necessary for the survival of the developing seedling,
Indeed, from amyevolutionary point of view, the galactomannan
may possibly have been retained because of its high capacity to
hold water; interestingly, many plants of the tribe Trifolieae
appear to have spread out from the dry regions of the eastern
Mediterranean. There is no control practically by the embryo
on mobilization of the reserves in the endosperm (Bewley and
Black, 1978).

2,2,3 Patterns of reserve mobilization in cotyledons of
legume seeds

some interesting work on reserve hydrolysis in legumes
has recently been carried out (Bewley and Black,'1978) whos e
exhaustive studies of 500 legume species have revealed that
there are eight basic patterns of hydrolysis of reserves from
the cotyledons which are as follows :-

a) hydrolysis starts randomly at abaxial side of
cotyledon e.g. Acacia, vicia, Pisum, Lathyrus,




Cassia, Trifolium; b) hydrolysis starts around vascular
strands at abaxial side of cotyledon e.g. Vvicia faka,
Glycine max; c) hydrolysis starts at abaxial side of
cotyledon but mobilization delayed particularly

around vascular strands e.g. Phaseolus spp., Vigna
umbellata, Arachis hypogaea etc; d) hydrolysis starts
randomly and simultaneously at ab- and adaxial sides

of cotyledon e,g. Lupinus spp., Lens spp. e) hydrolysis
starts around vascular strands at adaxial side of
cotyledon e.g. Prophocarpus spp.; Tetragonolobus spp.
f) hydrolysis starts at adaxial side of cotyledon but
mobilization gets delayed particularly around vascular
strands e,g. Vigna radiata, Vigna mungo; g) hydrolysis
starts randomly at the centre of the cotyledon e.qg.

Piptanthus spp. Hovea spp. and hydrolysis begins at
the centre of cotyledon but mobilization delayed
particularly around vascular strands e,g. Phaseolus
vulgaris, Vigna sinensis, Dolichos lablab.

2.3 Germination of seeds under waterlogged or submerged
condition

The term germination is used to designate those proce-
sses beginninglwith the imbibition of water by a dry seed and
ending when a portion of the embryo penetrates the seed coat.
The major factors responsible for seed germination are - water,
temperature, oxygen and in some cases light, The seeds imbibe
water during germination and swells up., The dry seeds are
frequently able to withstand a broad range of temperature, but
after the germination process has been set in motion by the
imbibition of water, most seeds appear to tolerate a much
narrower range of temperatures, Most of the winter crops like
peas, lentil, linseed etc, require an optimum temperature of
20°C for gemmination (Sinha, 1977). Considering this, submer-
gence may play an important role in influencing the temperature
which in turn may modify germination., Of course, time of sowing
will have some effect in this regard. When the temperature
rises, oxygen becomes less soluble in water and a small quantity
reaches the embryo., The embryo then receives very little oxygen
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because less is dissolved in the integuments and more is fixed
by the phenolic compounds., In all cases, the higher the tem-
perature the less oxygen is available to the embryo, This is
more important in the seeds of the families ILeguminosae and
Malvaceae which produce hard seed coat and entire absorption
system particularly of water is very much reduced (Basu, 1984).

2.4 Pre-sowing seed treatment in relation to germination,
seedling vigour, growth and yield of crops

2.4.,1 stand establishment and seedling vigour

For successful crcp‘prcduction, it is essential to
have a vigorous stand of crop with desired plant population.
Farly fast growth, usually referred as ‘pick up*, is related to
high seedling vigour, Early seedling vigour is necessary to
avoid adverse environmental condition like drought etc, (Rao
et al., 1971).

Austin et al., (1969) attributed the improved germina-
tion of hardened carrot seeds (subjected to three 24 h imbibition
dehydration cycles) to germination advancement and enlargement of
the embryo within the seeds, a view which was shared by Hegarty
(1970)., Singh and Tomar (1972) studied the effect of soaking
rice seeds in various chemicals on germina ign and seedling
vigour and found that soaking in 1 % sodium;hydrochlcride solu~
tion enhanced germination percentage and rate of elongation of
plumule and radicle, Simak (1976) described the advantages of
socaking tree seeds in polyethylene glycol (PEG) to improve the

speed and percentage of germination.

Dayanand et al., (1972) found that seed soaking in water
could hasten the germination of wheat seeds by 2 - 2,5 days,
Khan and Chatterjee (1981) reported that number of wheat plants
emerged from soaked seeds were significantly more than that was
obtained from unscaked seeds, Gupta (1975) observed that pea
seeds treated with 0,1, 1 or 50 ppm solution of GA, NAA,
Coumarin, MAA + Coumarin, GA + Coumarin and NMAA + GA for 24 h
have shown accelerated germination and seedling growth rates
with GA and with 0.1 and 1 ppm NAA or Coumarin and the attributes
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were delayed with 50 ppm NAA or Coumarin; in combinations, G
multiplied the delaying effect of 50 ppm Coumarin but not that
of NMAA on germination and it increased the stimulating effects
of the lower concentrations of NAA and Coumarin on seedling
gfowth.

2.4.2 Growth and yield of crops as related to pre-sowing
seed treatments with chemicals

seed soaking in chemicals also improves the crop per-
formance under adverse condition., Many workers have studied
the effect of seed treatment with different chemicals and
reported increases in crop yields (Abhichandani and Ramiah,
1951; pPawar et al., 1960; Mehrotra et al., 1967; salim and Todd,
1968; Barthakur et al., 1973; Basu et al., 1974, 1975; Basu,
1977; singh and Chatterjee, 1980; Bhattacharjee et al,, 1984
and Chatterjee et al,, 1985). Narayanan and Gopalakrishnan
(1949) obtained 40 % increase in yields by soaking rice seeds
in a 20 % solution of Ky PO, Abhichandani and Ramiah (1951)
observed higher grain yield of rice by treatment with K2 HPO,.

2 At the Central Rice Research Institute (CRRI), Cuttack Iswaran
- et al,, (1962) reported an increase of 10 - 15 % in yield due

to soaking paddy seeds for 24 h in 2 M, M and M/2 solution of
KH, PO, K3 PO,, KHMHPO,, NaH,PO,, Na,HPO,, (MH,;),S0, and NH,NOS.
Narayanan et al., (1958) recorded appreciable increases in grain
and straw yields by pre-s aking treatments in nutrient solutions,
Mehrotra et gg,; (1967 ) found that socaking rice seeds in 15 and
20 % solution of KH2904 for 18 hours before sowing produced
increased grain yield than non-soaked (control) seeds., sinha
(1969) observed that crops raised from rice seeds soaked in 1 M
K,HPO,, reduced spikelet sterility greater than those where
plants were raised from seeds soaked in distilled water, Basu
et al., (1975) observed that seed treatment with sodium phosphate
(di-and mono-basic), oxalic acid, sodium chloride, urea and
sodium molybdate enhanced vigour and viability of seeds like
gram, lathyrus, lentil, greengram etc, and salts like NacCl,
Phenols, vitamins at low concentrations (1(:»"'S to 1073 M) improved

the germinability of seeds,
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Singh and Chatterjee (1980) reported that pre-sowing
seed treatment with NacCl, Na HPO,, Al (N03)3. Co (NOB)Z or .
Agromin (containing 2Zn, Fe, Cu, Mn, Mg, B and Mo) caused 14 -
26 % increase in grain yield of rice, Crops raised from treated
seeds outyielded those raised from untreated seeds (control) and
gave higher tiller number per unit area and higher shocot and
root lengths in the seedling stage., The best effect was always
; obtained from crops raised from seeds treated with Na HPO, solu-
. tion, and this was usually followed by water socaking and scaking
: in Al (N03)3 solution. 7

| Singh et al., (1972) reported an augmenting effect of

- the different treatments in lower concentration with phyto-

" hormones (IAA, NAA, 2, 4-D) while they observed that the higher
concentration showed adverse effect, IAA and MAA showed better
- effect than 2, 4-D. TAA increased grain yield, number of grains,
length of pods while NAA increased the straw weight and 100
~grain weight, In comparison to TAA and NAA, 2, 4-D had least

- response to all the characters, RaCc (1975) while working with
phytohormones (IAA, MNAA, GA3 and 2, 4-D) on pea and groundnut
reported increased number and size of pods and yield in both the
crops when used singly or conjointly. Raj (1978) reported seeds
of barley (New Pusa-21 and Spartan-5027) when pre~treated with
distilled water and ascorbic acid showed enhancing effect upon

' the growth of the plants, Chatterjee and singh (1983) found
that crops raised from pre-sowing treated seeds with N32HP04,

Al (N03)3 and Co (N03)2 increased the root and shoot growth and
ultimately increased the grain yield of barley, The increase in
grain yield was maximal in NaZHPO4 treated seeds (37 % above the
untreated seeds ) which was followed by Al (N03)3. Bhattacharyya
et al,, (1984) obtained similar results with blackgram. Pre-

| sowing seed-treatment with NaZHPO4, various concentrations of

- polyethylene glycol (PEG) or their combinations caused 13 - 74 %
| increase in grain yield over control, All these chemicals used
for pre~sowing seed-~treatment gave better results than crops
raised from water soaked seeds, The Crops raised from treated
seeds outyielded those raised from untreated control. The crops
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raised from pre-sowing treated seeds had greater root and shoot
lengths and lower water saturation deficit in leaves than the
plants raised from untreated seeds,

Misra and Dwivedi (1980) conducted an experiment with 12
wheat varieties under rainfed conditions and found that seed
treatment with 2.5 % KCl solution increased dry weight of shoots,
yields of straw and grain significantly over control., Chemical
~ seed soaking with dilute solutions of NacCl (107H) or sodium
| phosphate (di-basic, 10“4M) proved better than water for improv-
ing field performances and productivity of tomato (Mitra and
Basu, 1979). Wiebe (1982) found that pre-~treatment of seeds
with carbowax (PEG) increased yields of carrots, leeks and
parsley. J/

Kundu and Basu (1981) found that pre-sowing seed soaking
' in solutions of MacCl (10'3M), di-sodium phosphate (10'4M) or

. sodium thiosulphate {10”5M) increased the growth and yield of

| carrot., Basu -and Dey (1983) reported that seed treatment with

- water containing sodium phosphate (monobasic, 10"4M), P-hydroxy-
- benzoic acid (10'3M) and P-aminobenzoic acid (lO'3M) increased

% the yield of sunflower and these treatments proved better than ‘

soaking with water alone.

Helton and Dilbeck (1982) observed that when peas (cv.
' Alaska and Garfield) seeds were treated with different conc.
£, 1C, 15, 20, 25 or 30 %) of H,0, for différent length of
time (7.5, 15, 30, 45 and 60 minutes ) and thereafter grown in
petridish and in a greenhouse showed increase in shoot length,
inumber of nodes, root volume, root weight and shoot weicht at
imaturity. Moreover the pea seeds were disinfected with H,0,
without damage by most treatments and overall immersion of the
seeds in 30 % H,0, for 45 minutes wag the optimum treatment.,

2.4.3 Effect of pre-sowing seed treatment on growth of
roots in crop plants ‘

The studies on development of roots are very important
with regard to drought tolerance of crop plants. Lundegradh
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(1942) recognized root development as an important factor in
determining plant's adaptability to dry conditions. Bhan et al.
(1973) studied the development of root as an index of drought
resistance in sorghum. The drought resistance may depend
largely on avoidance mechanisms such as deep root systems which
can absorb soil moisture from a greater depth (IRRI, Research
highlight for 1975). There is no doubt that vigorous and rapid
development of roots contributed considerably to drought resis-
tance and yields of those crops grown in rainfed cqndition.
Pre-sowing seed treatments can improve the ability of crop
plants to tolerate drought.

The pre-sowing seed treatment of fingermillet in dis-
tilled water produced more extensive root system and consequensly
yield was increased (Dawson, 1965)., Singh and Chatterjee (1980)
reported that pre-sowing seed treatment of rice in NEZHPO4 .
water and al (N03)3 resulted in better root growth, Plants from
treated seeds showed higher dry matter accumulation in roots.
Correlation studies further confirmed that the treatments having
better root development, particularly at lower depths, showed
increased grain yield (r = 0,79) under rainfed condition.
Chatterjee and Singh (1983) found high positive correlation
(r = 0,85) between ash free dry weight of roots of plants and
grain yield of barley, '

Sen Gupta et al., (1984) reported that pre-soWing treat-
ment of blackgram seeds with water, NiZHP04, various concentra-~
tions of PEG or their combinations increased length and dry
weight of roots and these resulted in better extraction of soil
moisture, Correlation studies showed that there was high posi-
tive correlation between grain yield and total soil moisture
extraction by plants (r = 0,86) under rainfed condition.

2.5 Merit and demerit of lathyrus cultivation
2,51 Merits of lathyrus cultivation

It is a temperate crop. It is cultivated in the cold
winter months in the Indian sub-continent,® It can grow well
under moderate temperatures ranging from 10 - 30°¢ (Kay, 1979).
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Iathyrus is the hardiest of the pulse crops because it can
tolerate waterlogging as well as drought, It can be grown in
areas of low rainfall (300 - 500 mm) and also in areas of high
rainfall (upto 1500 mm). This attribute of tolerance to extre-
meties of flooding and drought has made it very popular in
drought prone areas where heavy rains may occur for brief

- periods,

Lathyrus can be cultivated over many types of soils
ranging from very poor marginal soils to rich black cotton soils.
. lathyrus is cultivated as a second season crop in low lying rice
 fields in clay soils which remain wet for a longer time (Neza-
muddin, 1970), It can withstand drought periods and moderate
solil salinity, better than peas (Serov, 1974), The grain is
used as a complementary or sole source of calories and proteins,
mostly by the poor and landless labourers, The grains can be
boiled whole, but most often they are processed through a *dal’

mill to obtain split dal. Tt is used as ‘besan’ through grinding.
. In many parts of Madhya Pradesh / U.P. roti (leavened bread) made
out of Khesari is a staple food for landless labourers during the
lean periods. There are reports that Lathyrus seeds are used in
homeopa thic yedicine and its leaves as pot herbs, The tender
leaves are used as green vegetable, The young plants are used
by many farmers as fodder for cattle, The green fodder is
reported to be harmful to horses but safe for cattle and sheep
(Kay, 1979). 1In studies at BARI, (Bangladesh Agricultural
Research Institute) Joydebpur, fodder yields of 7 - 10 t / ha
were obtained in intercropping with maize without affecting grain
yields of maize (Gowda and Kaul, 1982).

2,5.1.1 Low toxin content of lLathyrus

Now a days low toxin Lathyrus varieties are being evolved
which are not harmful on consumption., Nirmal (KH-1), is a selec-
tion from a local material that outyielded all other varieties
having low neurotoxin content (0.2 %). The grain contains 27,2 %
protein (Pulses and oilseed in West Bengal Directorate of Agri-
culture, Government of W.B, 1972),
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2.5.2 Demeritsof lathyrus cultivation

Although lathyrus cultivation as paira crop needs little
management, but yields are usually poor because of poor popula-
tion of crop plants due to low seed rate, substantial amount of
seeds fail to reach the surface of the soil, seeds may not
germinate well due to high / low moisture condition, microbial
attack and poor attachment of the seeds to soil surface, damage
to plants at the time of harvesting of the rice, lack of moisture
at critical period of crop growth and unsuitability of the
variety sown, ROy sharma et al,, (1982) reported that the low
yield of lathyrus may be due to wide range of growing condition
and poor management system, Besides low yleld of lathyrus it
creates lathyrism due to it's toxin content (L -~«- (3 Diamino-
propionic acid). siddiq et al. (1978) expressed same view about
the toxin content in lLathyrus. Young (1927 ) concluded fraom it's
survey work conducted in Rewa district, M.P, that lathyrism may
occur when this legume predominates in the diet, when the general
population is suffering from starvation and avitaminosis in a
famine year, lathyrism is more common in bad years than in
normal years, In an area in which lathyrism was particularly
prevalent, the deficiency disease *nightblindness® was also
notoriously prevalent, He also concluded from his survey report
that Mohammedan village using as much lathyrus sativug as their
Hindu neighbours but supplementing their diet by substances which
tend to restore the dietary balance, lathyrism was unknown. ROY
et al. (1963) in their experiment conducted on one day old chicks
gave intra-peritoneal injections of 0,2 to 0.6 ml of lathyrus
sativus extract from the first day of experimentation, It was
observed -that in a number of birds receiving such injections,
symptoms suggestive of neural involvement were produced, The
common abnormality frequently noted was retraction of head and
twisting and stiffening of neck paralysis resulting in inability
of the bird to stand and move about was alsd noted in some
instances., Murti and Seshadri (1964) reported two kinds of
lathyrism recognised viz, Osteolathyrism (odoratism) where
pathological changes occur in bones resulting in skeletal
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deformities and neurolathyrism in which the muscles of the
limbs, especially of the legs, are paralysed sometimes result-
ing in convulsions and death in severe cases,

Dwivedi (1983) reported in his article that lathyrism
can strike anyone - even an urban dweller whose diet contains
25 per cent Khesari dal for 45 days to six months. As reported,
[males are more prone to lathyrism than females, in ratio being
10 : 1.

2.5.3 Detoxification of lathyrus

Since a considerable percent of land area (4 %) under
pulses cultivation is occupied by lathyrus so it's cultivation
cannot be banned totally as it is a major item of food in many
places in India and also in Bangladesh, Hence, problem of -
lathyrism must be tackled in other ways (Gowda and Kaul, 1982).
TWo possible ways to minimise the risk of lathyrism are,

(1) Physico-ehemical detoxification : This involves
educating the consumers, especially house-wives, in simple and
ef fective methods of detoxification. Many methods are found to
be reliable in removing toxic factot s (i) boiling the seeds in
water and draining away the first wash, (ii) soaking the seeds
over night and draining away of excess water, (iii) steeping
the dehusked seeds / dal in water, (iv) par-boiling the seeds,
similar to rice par-boiling and (v) roasting of seeds at 150°C
for 20 minutes,

(2) Genetic detoxification

This method involves selection and breeding for
low toxin lines. Screening of germ plasm, has resulted in
identifying several lines that have low toxin content,.

2.6 substitute cropping of lathyrus

Lathyrus is a temperate crop., It is cultivated in the
cold winter months in the Indian sub-continent where temperature
ranges between 10 - 30% (Kay, 1979). lathyrus is the hardiest
of the pulse crops because it - can tolerate both flood and drought
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(suitable for cultivation in rainfall ranging between 300 -
1500 mm annually). This attribute of tolerance to extremeties
of flood and drought has made it very popular in rice-fallows
of low-lying situations where the crop primarily experiences
drought excepting at the beginning or in the event of heavy
rains during growth period when flooding may occur for brief
periods (Nezamuddin, 1970). It can be cultivated over many
types of soils ranging from very poor marginal soils to rich

' black cotton soils. It can tolerate soil salinity better than
| peas (Serov, 1974).

Inspite of all these favourable points in favour of
lathyrus, Government discourages its spread and cultivation for
a simple reason that it can cause, upon continuous consumption,
a neurological disorder called lathyrism, lLathyrism usually
occurs in younger members of the very poor househbholds who conti-
nuwously for 3 - 6 months consume non-boiled Lathyrus seeds as
- a source of 1/3 to 1/2 of their protein calorie needs, Rao

et al., 1969; Kaul and Islam, 1981 have reported that the in-
cidence of disease is specially more in drought years when
consumption of this crop is more. Tareque (1981) believes that
poverty and malnutrition are the major factors causing lathyrism,
Several authors (Sharma and Padmanabhan 1969; Rao et al,, 1969;
Kaul and Islam, 1981) also considered that the disease is a
result of food deficit, voverty and improper methods of consum-
ing the seeds,

Although low neurotoxin content varieties, physico-
chemical de~toxification methods and a vitamin C rich diet is
reported to reduce the risk of the disease (Ahmed and Jahan,
1981) yet one can not obviate the risk of lathyrism because the
cases of adulteration is rampant. This necessitates the culti-
vation of some alternate crops in place of lathyrus, Broad-
casting is the most common method of planting lathyrus, The
seeds are broadcast either into a standing crop of rice about
a week before harvest, or directly into stubbles after the
harvest, of rice, 'No tillage is given in either practice,



19

When sown in upland conditions with tillage, it may be line
sown behind the plough, The first system is called the paira
system of cultivation., Any crop can be grown during the condi-
tion provided they adjust to the system mentioned earlier,
Sowing of gram, lentil, khesari, linseed or berseem in the
standing rice field in the month of November or early in
December and then draining out the water from the rice paddies,
if required, is extensively practised by the farmers in the
eastern region. The yield potential of the second unirrigated
crop is wually not high, only 3 - 8 g / ha of pulses. and oilseeds
(Chatterjee and Maiti, 1984).

2,7 Minimum tillage and crop production
2.7.1 Effect of minimum tillage on soil moisture availability

In a double crop system, where time factor is rather
important, the seedbed preparation for the second crop succeed- »
ing the first, has to be done as expeditiously as possible (singh
et al,, 1980a). A good amount of moisture is lost through eva-
poration during land preparation., Sometimes this loss of mois-
ture may be critical for germination of crops grown in the post-
rainy season under rainfed conditions, Minimum tillage technique
which is based on the principle of causing least soil disturbance
and having maximum of crop residue on the soil surface ensure
more storage of moisture than that of conventional tillage (1al,
1975).

The no tillage system of soil management with crop
residues (or mulches) may maintain the productivity of some
tropical soils by eliminating soil erosion and by preserving
soil structure, soil organic matter, and nutrient and water
holding capacity (Greenland, 1975 and lal, 1976). One of the
main advantages of no-tillage is conservation of soil and water,
yit the latter is partially related to the crop residue left on
the surface as a mulch (Moody, et al,, 1963; Triplett et al.,
1968; Greb et al., 1970). Many researchers have indicated that
the potential of mulches for suppressing evaporation lie only
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in the first twc stages of the process, probably by decreasing
turbulent transfer of water vapour through the atmosphere
(Lemon, 1956; Bond and Willis, 1969, 1970). Hanks and Woodruff
(1958) and Hunks et al., (1961) have shown that depth of mulch-
ing also increase soil moisture storage, whilst no-tillage
improves water conservation by increasing the infiltration rate
and water holding capacity (Shanholtz and Lillard, 1969; Miller
and sharder, 1976; lal, 1976).

Ospina et al. (1957) found in Columbia that the use of
plough often resulted in heavy erosion. Kannegieter (1967, 1969)
reported from Ghana that a short Pueraria fallows combined with
mulch tillage gave effective soil protection against erosion
and improved soil moisture storage, Minimum tillage generally
causes a decrease of large, mostly air filled pores and thus
- reduce aeration. In minimum tillage soils the relative increase (
in the amount of medium to small pores are the consedquences for
zholding more water, Water holding capacity is related to the
‘organic matter, especially on sandy soils; this was confirmed
by Van ouwerkerk and Boone (1970), who found that water content
at pF 2 changed more in conjunction with organic matter content
than with soil porosity. Hence, in the top 6 cm of the minimum
tillage soils, a higher water content at pF 2 was found than in
the ploughed soil, whereas the reverse was true in the layer

Similarly, minimum tillage resulted in hicher mean
volumetric moisture content in the upper 30 - 60 cm soil layer
than conventional tillage on soils situated in the sub-humid
regions of North America on gently sloped silt loams planted
with maize (Harrold et al,, 1967{_Amemiya, 1968).

Mannering et al. (1966) reported that minimum tillage
for maize, in comparison with conventional tillage, increased
infiltration and reduced solil erosion., Sshanholtz and Lillard
- (1969) also reported that the water use efficiency of maize
icrops grown on no-tilled and normal tilled soils was 81 and 57 %
respectively, Regardless of the greater water extraction,
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visible wilting of maize and sugarbeet was delayed for hours or
days, which indicated an enhanced depletion of soil water on
undis turbed soil.

Blevins et al, (1971) working om maize reported that
the average yield of maize sown on herbicide -~ killed grass sod
were about 10 % higher than when sown with normal tillage., No
tillage treatments had higher volumetric moisture content to a
depth of 60 cm during most of the working season, The greatest
differences occur in the upper O - 8 cm depth, Beyond a depth
of 60 cm, system of tillage had little influence on soil mois-~
ture during the growing seasons. The decrease in evaporation
and the greater ability to store moisture under no-tillage pro-
duces & greater water reserve, This can often carry the crop
through periods of short-term drought and avoid the develcpment
of detrimental moisture stresses in the plant, Greater differen-
ces in total available water always early in the growing season
were previously supported by Shanhaltz and Lillard (1969).
Zero~-tillage methods could be expected to increase water con-
servation in dry farmming regions (Baeumer and Bakermans, 1973).

2,7.2 Effect of minimum tillage on stand establishment

It is obvious that the soil surface remain dry at the
time of seeding, which is ocompletely due to the climatic condi-
tions or technical requirements of minimum tillage. In this
context if the seeds are broadcasted over the surface it may be
eaten up by grain feeding animals, In order to minimise the
failure of germination of seeds, seeds are to be placed into
the close contact with the moist soil by means of minimum soil
disturbance. Rhixon (1969) reported that mean stand establish-
ment achieved by minimum tillage was about 20 % less than by
normal tillage method, This is due to the technical difficul-
ties of bringing the seeds in contact with the soil in paira
method of cultivation / placing seeds at proper depth of soil
which is always covered with stubbles or too hard to allow
sufficient penetration. Debruck (1971) reported a higher number
of emerged plants in minimum tillage than in conventional tillage
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on light to medium textured soil., This happened to be the
case in which a lack of available soil moisture restricted
seedling emergence on tilled soils., sStranak (1968) observed
more rapid absorption of water by seeds on untilled soils,
Therefore, higher rates of seedlings emergence can be expected
from minimum tilled soil than from normal tilled soil during
warm and dry periods.

2:7.3 Effect of minimum tillage on the root growth

As regards the root density or weight, the amount of
roots observed at different growth stages and soil layer tended
to be lower on zero-tilled soil (Newbould et al., 1970; Cannel
and Ellis, 1972). This difference in root mass was accompanied
by shallower rooting in undistmrbed soils, especially during
early vegetative growth phases, In minimum tilled soil, the
extension rate of seminal root axes was slower but yet lateral
branching started earlier and thus led to the production of a
dense but shallow seminal root system on soils with no-tillage
operation, No differences were found between the effects of
tillage treatments on the length and frequency of adventitious
roots of wheat (Baeumer and Bakermans, 1973). Therefore, final
rooting weight and the pattern of soil depth distribution at the
ripening stage may be similar on tilled and untilled soil
(Baeumer et al., 1971). However, on sandy soils in the Netherland,
shallow rooting persisted until harvest, probably owing to mecha-
nical impedence of the soil to root penetration. Yueruer (1972)
working on bkarley reported that the restricted axial growth of
roots was ézmpensated by greater radial growth i.e, by a larger
diameter of the seminal root axes., Barbar (1971) also obtained
similar result while working on maize and pointed out that roots
were finer and longer / g of root in tilled soil than in untilled
soil and greater weight per unit root length of maize observed in
unploughed soil,

Kaul et al. (1970) while working with maize, Ganga hybrid
101, at the students farm on a sandy loam soil indicated that all
other deep tillage and maximum preparatory tillage gave increase



23

in root weight over rest of the treatments, Deep tillage
proved significantly better over no cultivation,

2.7.4 The effect of minimum tillage on the growth and yield
of crops '

Stibbe and Ariel (1970) worked on sorghum and cotton
in Israel under semi-arid climatic condition and reported that
in a year of partial drought when all crop yields were reduced,
zero-tillage gave slightly superior yields, but when moisture
was adequate it depreseed yields by upto 40 % ., On the other
hand, Lewis (1972) working in U.S.A observed an equal lint yield
of cotton prbduced by normal and zero-~tillage methods., Gouthaman
and Sankaran (1976) from their field experiments conducted in
two seasons to compare the efficiency of various types of
tillage treatmengs combined with different weed control methods,
observed that there was no significant difference in yield‘aMOng

. conventional tillage, minimum tillage and no-tillage, On the

other hand Shear et al., (1961) obtained significantly higher corn
yield from zero-tillage over conventional tillage method of culti-
vation, Jones et al. (1968) obtained yields of corn in zero-
tillage which were comparable to or ranged from 18 - 39 % above
yields from conventional turn plow tillage,

Working in Georgia Nelson et al. (1977) reported that

 maize and sorghum grain yi;ids with or without irrigation did

not differ significantly for conventional tillage or no-tillage
sowings made on the same date, No-tillage maize and sorghum

- produced higher yields when sown early after small grain crops.

Irrigation increased overall mean grain yields of maize and

- sorghum under both conventional tillage and no-tillage sowings

by 30 and 15 % , respectively but not always significantly.
lower yield increases under no-tillage was attributed to the
higher initial water content of the soil. Early sowings without

~tillage responded to irrigation to a greater extent than did

late sowings. Lal et al. (1978) reported that under irrigated

- condition both maize and cowpea under no-tillage yielded more
' than with conventional ploughing, Water use efficiency of maize
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established without tillage was 18.3, 17.5, 57.8 and 100 %

. greater than with tillage at irrigation frequencies of 2, 4,

8 and 12 days, respectively.

In southern Alberta (Canada), Lindwall and Anderson
(1981) observed that repeated applications of herbicides were
as effective as tillage for controlling weeds during the summer -
fallow seasons. Crop residue and soil moisture conservation were
greatest when weeds were controlled with herbicides instead of
tillage, Wheat yields from treatments involving little or no
tillage during the falloWw season were consistently greater than
those from conventionally tilled treatments. Shear and Moschler
(1969) while comparing effect of no-tillage, tillage in alter-
nate years and conventional tillage on corn, equal annual appli-
cations of phosphate mixed in tilled soil and applied to the
surface of untilled soil resulted in more available phosphorus
accumulation in the upper 5 cm of the untilled soil. The total
amount of available phosphorus for the upper 20 cm of soil was
greater in untilled soil despite the fact that available phos-

- phorus was lower than in tilled so0il in two of the 5 cm increments

below the surface 1ayerf{ Potassium availability was not affected
by tillage or method of application. No benefit was derived in
grain yield from tillage in alternate years as compared with
no-tillage, An average increase in corn grain yields and equal
or better stover yields from no-tillage as compared with con-
ventioal tillage was found.

Triplett and van Doren (1969) worked on no-tillage and
conventional tillage in corn growing as mono crop for 6 years,
and reported higher grain yields in no-tillage than under con-
ventional tillage treatments at all nitrogen levels, Phosphorus
and Potash were applied uniformly in all the treatments of the
experiment, Bandel et al. (1975) reported fram their experimental
results conducted in Maryland that no-till corn with low to
moderate rates of nitrogen, often showed more pronounced nitrogen
deficiency symptoms than did conventionally tilled corn. With
sub-optimal nitrogen rates, nitrogen deficiency symptoms were
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more severe throughout the season on untilled than on the culti-
vated plots, However, the optimal level of applied nitrogen for
grain and dry matter yields did not differ with tillage method.

Agboola (1981) conducted an experiment, comprising eight
treatments for four years and concluded from the result that
tillage and fertilizer application reduced the organic matter
content of the soil by 19 and 33 ¥ . No tilled plots produced
more corn grain yield than tilled plots though the difference was
not pronounced, Kckert (1984) while conducting experiment on
no-tillage and conventional tillage, corn were planted on a
series of planting dates over a three years period, on a mode-
rately well-drained canfield silt-loaé located at Wooster, oOhio,
Under these conditioﬁs tillage system had no effect on develop-
ment or yield, However, conventional tillage corn often silked
earlier than no-tillage corn under cooler conditions and yielded
more in a wetter than normal year, Date of planting had the same
effect on yield in both tillage treatmentsg. .

Thomas et al. (1984) studied the growth and development
of grain sorghum, grown on a heavy clay soil in a humid sub-
tropical climate, under no-tillage and conventional tillage,

Soil water contents were not significantly different between the
tillage treatments, but there were consistent trends towards more
soil water under no-tillage throughout sorghum development in
both the years of experinentition.

Kaul et al, (1970) from their experiment conducted with
maize indicated that increase in tillage intensity resulted in
increasing grain yield. Deep tillage proved superior to all the
treatment combinations in increasing the grain yield., 1In U,S.A
Oveson and Appleby (1971) observed that wheat yields were signi-
ficantly lower in untilled than in tilled plots,

Davies and Cannel (1975) reviewed the results presented
for field experiments in the U,K, during the period 1957-74, in
which they concluded that in early experiments before 1970,
average yields of winter wheat after direct drilling in unploughed
s0il were less than after ploughing but in later experiments there
was little difference as compared with ploughing.

*
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In Hungry, Sipos (1972) reported from a long~term
experiment (1968-71) that no-tillage direct sowing led to sub-
stantial loss of yield and inefficient use of fertilizer in
maize, similar results were also rﬁported from Iran by Hakimi
and Erami (1973). 1In Ohio (U.S.A), zero-tilled soybeans proe
duced slightly less than normally planted stands at 4 locations,
whereas at one location higher yields were observed during a
period of & or 3 years, respectively (Baeumer and Bakermans,
1973). In India, winter wheat (Chatterjee and Khan, 1978)
winter maize (Khan and Chatterjee, 198la) and greengram (Khan
and Chatterjee, 1982a) were successfully established under
irrigated condition through minimum tillage with the aid of
pre-sowing herbicide application and produced slightly lesser
yields than normal sowWwing (conventional tillage)., similar
observations were also made in the case of greengram (Khan and
Chatterjee, 1982b) grown as relay crop prior to harvest of jute
and upland rice and blackcumin (Khan and Chatterjee, 1982c) grown
on conserved soil moisture under rainfed condition, In all above
mentioned trials conventional tillage always gave slightly
superior yields, though not significantly more in all cases,
than minimum tillage where there was no surface residue as mulch,

2,8 sowing of mixture of aus and aman seeds in lowlying areas
to overcome the risk of drought or heavy rains in the late
season

In the lowlying areas more particularly in the beel
areas, both in West Bengal and Bangladesh, rice is directly
seeded as a mixed culture of aus (harvested in autumn) aman
(harvested in winter), In case of early severe drought the aus
crop may be affected and in case of early cessation of rainfall
the late duration crop is affected, A mixed culture of two
groups of rice, is done to overcome the risk of crop failure,
either due to no rainfall in early months or due to early
ceésation of rainfall, After the harvest of rice crop fields
are again put to a paira crop, generally lathyrus., There is
no systematic record of published work, providing inférmation
on the productivity of crops following a sole crop as against
an intercrop of rice,



2.9 s0il moisture status in winter

In Eastern Gangetic plains, covering West Bengal / Bangla-
desh, usually very low or no rainfall is received during winter,
But at the same time, depending upon topographical, situation of
these lands, a fairly good amount of available soil moisture
remain stored in 1 m deep soil profile, ranging from 150 mm in
heavy soils to 80 mm in light soils, Michalyna and Hedlin (1961)
found that increase in stored soil water in fallow over that in
the cropped land gave higher wheat yield., In general, the
deeper the water is stored in the soil, the more slowly it will
be removed by evapotranspiration (Robins, 1967). Black (1973)
reported that average available water stored to a depth of 1.5 m
was positively coreelated with mean grain yield of wheat,

Haise et al. (1960) reported that where available soil
molsture is adequate and plant response is obtained with added
N, water use efficiency and dry matter production are markedly
increased., Under limited moisture condition, similar increases
in water use efficiency with N fertilizer used are observed but
with lower dry matter production,

The study of availability of moisture under dry farming
conditions in relation to time of planting showed that the crops
planted in the early stages of rainfall provided better utiliza-
tion of moisture and its availability during the crop growth,
IAte planting had shown that there was a deficit of moisture in
the effective root zone at the later stage of crop growth which
resulted in the low yield (Dayal et al., 1973). Only those
crops performed better under dry farming conditions which could
tap moisture from deeper soil layers., In general, moisture
extraction progressively occurred from deeper soils with the
advancement in the age of crops, It was observed that 90 %
of the total moisture required by the crop was extracted from
60 cm depth by wheat, 90 am by gram, barley, toria and from
120 cm by rai, It indicated that rai is most efficient and
graim, barley and toria were moderately efficient but wheat
was least efficient in utilizing sub-soil moisture (Singh and
Rathi, 1974).
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Batra et al. (1976) from Hissar reported that in years
with 150 + 25 mm soil moisture in the profile, taramira crop
might be given preference; in season with 227 + 50 mm profile
moisture mustard be selected; and in seasons ending with soil
profile moisture status much above 227 mm molsture, gram was the
best crop for achieving optimum water use efficiéncy. They also
reported that for oilseed crops adequate moisture content for
germination was found to be 10 per cent in a soil having 15 =
16 per cent water at field capacity, The moisture percentage
should be between 10 - 12 per cent for the gram crop.

Working at Varanasi singh et al. (1977) reported that
gram and barley were found to be suyperior to wheat and linseed
for grain production under rainfed condition. Linseed was the
poorest in grain production, Total moisture use of grain was
highest followed by barley, wheat and linseed, Studies conducted
in New Delhi on the yield and moisture utilization pattern of
selected dryland crops grown on conserved soil moisture showed
that barley (EB 3) and sarson (BSH 1) proved to be more efficient
in terms of better yields and higher moisture use efficiency and
also showed the lowest per cent mortality as compared to gram
(G 24), linseed (NP-RR 9), lentil (L 9-12) and wheat (Kalyan
Sona ). The moisture utilization paitern of these crops showed
that sarson, barley and gram extracted moisture from deeper
layers (50 - 125 cm) of the soil profile, Wheat proved to be
most efficient crop in utilization of stored soil moisture under
dryland conditions.

Chatterjee and sen (1977) reported that amongst oilseeds
safflower (Nag 7) and linseed, amongst pulses gram (B 108),
field peas (B 22) and lentil (B 77 ) and amongst cereals barley
(K 125) yielded 10, 8, 21, 13, 11 and 19 q / ha, respectively.
The moisture extraction at lower soil depths by gram, peas and
safflower was higher than in the other crops in winter, Barley
with its fibrous roots utilized good amount of moisture conserved
in top soil, The water use efficiency under rainfed condition
was highest in barley (31 kg / mm) followed by gram (16.6 kg / mm)
and peas (10 kg / mm), '



29

Saha et al, (1980) reported that under rainfed condi-
tion, the amount of water left after the harvest of Kharif
crops was insufficient to raise rabi crops, which could be
cultivated only after Kharif fallow, Total amount of available
water in rabi season after kharif fallow varied from 111.6 to
203 mm, Among the rabi crops barley, mustard and safflower
could use this available soil water more efficiently.

Jain and Reddy (1981) compared the grain yield and
economic returns obtained from different crops, grown in sequence
or in relay on residual soil moisture in deep black soils of
Hyderabad, They reported that pigeonpea utilized moisture from
deeper layer of soil profile and produced the highest average
seed yield (2,820 kg / ha) and gave maximum income (Rs.7,050 / ha)
which was significantly more than the income from any other crop
tried during both the years of experimentation (1977 and 1978).
Wwheat and chickpea yielded more when sowing was delayed (late
October onwards ) when the daily mean temperature was below 25°%¢.
Black gram and cowpea produced more yields when sown early (late
September to early October) by making full use of the surface
soil moisture, '

Khan and Chatterjee (1982) reported that in the light
sandy loam or silty clay loam soils of Nadia district in West
Bengal, séwing of greengram or blackgram in between the harvested
rows of direct seeded rice of jute with minimum cultivation®
(without ploughing but with subsequent weeding and hoeing)
between 15 August and 10 September, is possible, This provided
yield to the tune of 8 - 10 q / ha of greengram / blackgram.
singh (1983) conducted a 4 years field study on the aridsoils
of Bawal (Haryana) and reportéd high so0il moisture (182 -~ 199 mm
in 1 m soil profile) increased the grain yield of mustard by
43 % and that of chickpea by 23,3 % over low soil moisture (134 -
154 mm in 1 m soil profile). Giri and Balerao (1984), reported
that under rainfed condition in winter, amongst all the varieties
of peas, variety L 116 gave the highest grain yield (10.3 q / ha)
in first two years of experimentation, saharia (1985) reported
that peas sown on 20th October in 1981-82 at the Regional Research
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Station shillongani, Nowgong, gave the best performance in all
the sowing dates, The yield recorded was 16,6 q / ha.

2.10 summary and scope of work

From the foregone literature it is clear that lathyrus
is very potentiél crop and is successfully grown during post
monsoon season in rice fallows in humid sub-tropics. Due to
late release of land by rice crop, relay planting in the
standing rice 10 - 20 days before harvesting is the most pre-
valent system of crop growing. Inspite of potentiality of
lathyrus its cultivation is not very extensive, On the contrary
government imposed a ban during mid-sixties on the cultivation,
because it has been reported that continuous consumption of ‘
Lathyrus causes an incurable disease known as lathyrism for a
neurotoxin (BOAA) content in the seeds. Although physico-
chemical detoxification methods are there yet risk can not be
avoided completely and genetic detoxification methods are time
consuming, But for the time being if alternative crops can be
searched out possibly that will be the best alternative, There-
fore there is a great scope of studying the feasibility of
growing alternate crops as a substitute of lathyrus., That means
a suitable crop has to be searched out, which can establish well
as a paira crop and provide stable yield as much as Lathyrus,
Further, agronomic management practices need also to be searched )
out to increase their productivity with measures like seed treat-
ment or fertilization etc,



CHAPTER 3

MATERIALS AND METHODS



3 MATERIALS AND METHODS

To study the productivity of Khesmari or grasspeas

(l2thyrus sativus Linn. cv, Nirmal and lLocal), peas (Pisum

sativum Linn. cv, B 22), lentil (lLens esculenta Moench cv, B 77)

- and linseed (Linum usitatis@®imum Linn. cv, B 67) as relay

(paira or utera) crop in rice follows in winter, two field

: experiments were carried out in three consecutive years 1984-85,
% 1985-86 and 1986-87 in the Viswavidyalaya farm (*'C*' Block),

| Kalyani, West Bengal, The farm is situated at 23.5°N latitude,
89°E longitude and at an altitude of 9,75 m above the mean sea

level,

The other three pot experiments to study the effect of
} different periods of submergences, on the germinability of pre-
| sowing treated and untreated seeds on seedling growth were con-
ducted in a net house situated near the Faculty of Agriculture

building at Kalyani during the years 1984, 1985 and 1987,

3.1 Experimental soil

The physico-chemical properties of the experimental
soils, where the field experiments were conducted, have been
summarised in Tables 3.1 (a, b and c¢). The soil of the Experi-
ment Number 1 was mostly sandy clay loam in texture (Téble 3.13).
The bulk density of the soil ranged from 1,39 in 75 - 96 cm
layer to 1;48 in O - 15 cm soil layer and the field capacity
of the soil ianged from 21,23 to 22,92 % at different layers

(Table 3.1b). .
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Table 3,1la Mechanical composition of the experimental soils

iziémdepth Sand Pag;i:ularsClay Texture
% % %
Experiment No,1 »
O -~ 15 68, 20 14,70 17.10 ‘Sandy loam
15 - 30 64,04 15,25 20,71 Sandy clay loam
30 - 45 66,45 13.03 20,52 Sandy clay loam
45 - 60 64,50 14,46 21,04 Sandy clay loam
60 - 75 63.05 15,57 21,38 sandy clay loam
75 - 90 61,79 17,21 21,00 sandy clay loam
Experiment No.2
0O~ 15 65,20 17,85 16,95 Sandy loam
15 - 30 61,30 19,50 19,20 Sandy loam
30 - 45 59,50 21.40 19.10 Sandy loam
45 - 60 61,60 20, 30 18,10 sandy loam
60 - 75 58,80 23,50 17,70 Sandy loam
75 - 90 60, 40 21.10 18,50 sandy loam
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Table 3.1k Physical properties of experimental soils

Soil depth Bulk density Field capacity Permanent
(in cm) (g/cc) (% dry wt. wilting point
basis) (% dry wt.
basis)

15 atm. tension

Experiment No,1

0 - 15 1,48 - 22,21 7.3
15 - 30 1.46 21.56 7.2
30 - 45 . 1.42 21,86 7.8
45 - 60 1,43 22,92 7.8
60 - 75 1,42 22,41 8.0
75 - 90 1. 39 21.23 7.6

Experiment No. 2

0- 15 1,43 21.46 5.9
15 - 30 1. 44 20.54 5.0
30 - 45 1.47 21.30 5.3
45 - 60 1.46 20,49 7.0
60 - 75 1.44 21.79 7.6
75 ~ 90 1.45 20.02 7.2

Table 3,1c Chemical properties of the experimental soils

Organic Total N Available Avalilable pH
% % P20 5 Kzo
(kg/ha) (kg/ha ) (1:2.5)

Experiment No.1l
0O, 67 O, 076 39.0 122,0 6,7

' Experiment No.2
0. 57 0.069 37.0 118.0 7.1
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The s0il where Experiment Number 2 was conducted was
basically of sandy loam in texture (Table 3.la). The bulk
density of the soil ranged from 1,43 in the top O - 15 cm layer
to 1,47 at 30 - 45 cm soil layer and the field capacity of the
soil ranged from 20,02 to 21,79 % at different layers (Table
3.1b). The soils of both the experiments were_low in potassium

and were neutral in soil reaction (Table 3.1c).

Methods used to determine different physicochemical
properties of experimental soils have been summarised in Table

3. 2.

3,2 Cropping history of the experimental field

The fields under experimentation were under rice in the
- previous years, Two crops of rice (in kharif and boro seasons),
for general seed multiplication were taken during the years 1981,
1982 and 1983, The experimental crop was planted in the year

1984 kharif season.

33 Climatic condition

In this region, the seasons are classified broadly, as
winter (November to February), summer (March to May) and rainy
(June to October) seasons., The climate is classified és sub-
tropical humid climate where summer and winter are both short
and mild, The details of the climatic conditions pertaining/
to the period of experimentation are presented in Table 3,3 (a)

and 3,3 (b)o
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Table 3,2 Methods of analysis of different physico-chemical
properties of the experimental soils

Particulars Methods used
1, Bulk density Dastane (1972)
2, Field capacity and perma- Dastane (1972)

nent wilting point

3. Mechanical analysis International pipette method
of so0il (Piper, 1966)
4, Soil pH Determined with Beckman pH

meter by using soil water
suspension (1 : 2.5) following
the method as described by
Jackson (1973)

5. Organic carbon By rapid titration method as
described by Walkley and
Black (1934).

6. Total nitrogen Modified Macro-kjeldahl
method (Jackson, 1973).

7. Available phosphorus Used Bray-l extractant (Bray
and Kurtz, 1945) and determined
colorimetrically (Jackson,1973)

8. Available potassium By Flame photometer method
(Murh et al,, 1965).




3.3.1 Rainfall

In this part of West Bengal monsoon generally commences
from the second week of June and continues upto middle of October.
The long term average annual rainfall is 1,457 mm but the bulk
of it is received from June to October, During the years of
.experimentation the departures of total annual rainfall from
the long term average, were -482,6 mm, -429.1 mm and +486.4 mm
in 1984, 1985 and 1986, respectively. The rainfall receipts in
1984, 1985 and 1986 were 902,5, 989,7 and 1699.7 mm during May
to October, respectively, The rainfall receipts during the Rabi
season (November to March) were 4.3, 31,1 and 337.4 mm in
1984-85, 1985-86 and 1986-87, respectively. About sixty per cent
of the total rainfall (i.e, 34,3 and 15,3 mm of rainfall in 1984~
85 and in 1985-86, respectively) has been added to the water loss
made by different winter crops. The rainfall pattern during the

winter months is presented in Fig., 3.1.

3.3.2 Relative humidity

The monthly mean maximum relative humidity (Table 3,3b)
varied from 95,8 % in October, 1984 to 80.8 % in February, 1984..
In 1985 it varied from 93.0 % in July to 70.0 ¥ in October and

90,0 % in Octocber, 1986 to 74.0 % in March, 1986, respectively,

The monthly mean minimum relative humidity varied from
69,1 % in July to 21,4 ¥ in March, 1984, 79 % in July to 35 %
in March, 1985 and 74 % in July to 37 % in February and March

1986, respectively.
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.3,3.3 Temperature

The monthly mean maximum temperatures varied from 24, 3%
in the month of January, 1984 to 37.2°C in the month of April in
1985, during the years of experimentation. The mean monthly
minimum temperatures varied from 11.3°C in December, 1984 to
29.2°C in July, 1984. The maximum and minimum air temperatures

during the winter months have been represented in Fig. 3,2,

3.3.4 Wind velocity
The monthly average wind velocity during the period
under report varied from 0,9 km / h in the month of November, 1985

to 843 km / h in the month of May, 1984, .

3.4 Experimental details
5.4.1 Net House Experiments -

The objectives of the experiments were to compare the
effect of different periods of sulmergence (i) on stand establish-
ment of few grain legumes viz. peas, lentil, lathyrus (Nirmal and
local) and one oilseed crop linseed and (ii) on seedling growth
iboth shoot and root) when sown on puddled soil and in soil

prepared with conventional tillage,

3.4.1.1 Net House Experiment Number 1

The experiment was conducted inside a Net House adjacent
to the Agriculture Faculty building at Kalyani in reinforced
éement concrete (R,C.C,) pots of 50 cm x 50 cm x 100 cm size, in

&inter months (Oct - Nov) of 1984,
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The experiment was laid out in split plot design (sub-
sub). The main plot treatments comprised of five crops y_i_z___
peas, lentil, lLathyrus (improved and local) and linseed. The
sub plot treatments consisted of three different periods of
submergence with one contrql; The sulmergence treatments cone-
sisted of (i) sowing of seeds on puddled soil with no standing
water, (il) sowing of seeds on puddled soil with 5 cm of standing
wéter but drained, 12 h after sowing of seeds, (iii) sowing of
seeds on puddled soil with 5 com of standing water but drained,
24 h after sowing of seeds and (iv) sowing of seeds in conven-
tionally tilled soil. The sub-sub plot treatments consisted 6f
two seed treatments viz: (i) seeds socaked before sowing in aqueous
solution of disodium hydrogen orthophosphate (mzh'xpo 4 5 x 10"4 M)

for 4 h and then allowed to dry for two hours to remove excess

Qater, {ii) control (unsoaked seeds).

Thus, there were 40 (5 x4 x 2) pots, The experiment
ivas replicated three times; each pot had three compartments, Ten
éeeds were ‘sown in each replication in the compartment, on 31st
October, 1984 as per layout, The cultivars used were B 22, B 77,
Nirmal and local and B 67, in cases of peas, lentil, lathyrus and
linseed, respectively. The experiment continued for 26 days after

Eowing.

3.4.1.2 Net House Experiment Number 2
The experiment was conducted inside the Net House utilized
to conduct the Net House Experiment Number 1, again during Dec =~

Jan, 1984-85,
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The experiment was repeated with some slight modifica-
tion. As in Net House Experiment Number 1, the main plot treat-
ments comprised of five crops viz: peas, lentil, Iathyrus (Nirmal
and local) and linseed., The sub-plot treatments consisted of
four different periods of water submergence viz : soQing of seeds
(i) on puddled soils with no standing water (ii) on puddled soil
with 5 om of standing water and drained, after 12 h sowing of
seeds (iii) puddled soil with 5 cm of standing water and drained,
24 h after sowing of seeds (iv) puddled soil with 5 cm standing
water and drained, 36 h after sowing of seeds and (v) sowing of
seeds in conventionally tilled soil, Due to slow infiltration of
Qater a constant head of water for 12, 24 or 36 h could not be
maintained meticulously. The water lavels were corrected thrice
ﬁuring the day time, 1In sub-sub plots, two seed treatments were
ki) seeds soaking in aqueous solution of disodium hydrogen ortho-
phosphate (Na,HPO, 5 x 10'4M) for 4 h, two hours before of sowing

(ii) control (sowing of unsocaked seeds).

The experiment was conducted in 50 (5 x 5 x 2) pots and
was replicated three times and three compartments in each pot
served the purpose of three replications for each treatment com-
bination. Ten seeds were sown in each replication og 9 December,
ﬁ984. The experiment continued for 32 days. The same (as in

Experiment no. 1) cultivars of different crops were used in this

?xperiment as well,

b.4.1.3 Net House Experiment Number 3
TO analyse closely some of the treatment differences

observed in the field experiments, another Net House Experiment



44

was conducted in 1987 inside the Net House utilized for Net House
Experiment Number 1 and 2, with similar objective but different
set of treatments. The experiment was laid out in split plot
(sub-sub) design. The main plot treatments comprised of 5 crops
as in Net House Experiment Number 1 and 2. The sub plot treat-
ments consisted of sowing of seeds on puddled soil (i) with no
standing water (ii) with 5 cm standing water for 24 h after
sowing of seeds (iii) 5 cm of standing water for 72 h after sowing
of seed and (iv) control (i.e. sowing in conventionally tilled
soil). Sub-sub plot treatments consisted of (i) pots shaded with
loose straw simulating shade provided by the maturing rice crop
to the paira crop seeds sown, 7 - 10 dqys”before harvest of rice,
J(ii) without any shade (seeds directly eiposed to the atmosphere,
'The seeds sown in conventionally tilled soil were sown 3 cm below

soil surface,

To conduct this experiment 40 (5 x 4 X 2) pots were
used, The experiment was replicated 4 times and each pot; 'with
four compartments, served the purpose of 4 replications. Ten
seeds were sown in each replication on 21 February, 1987. The

experiment continued only for 8 days.

13,4.1.4 Bio-metrical observations recorded in Net House
Experiments

The stand establishment of seeds were counted 8 days
after sowing. The length of shoots and roots and their dry
?weights were measured thrice at intervals of 7 days, from 12
days after sowing onwards in the case of Net House Experiment

No.1l. In case of Experiment No. 2, the lengths of shoots and
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roots and their dry weights were measured thrice, at intervals
of one week, from 18 days after sowing onwards. In Net House
Experiment No. 3, the stand establishment and the length of

shoots were measured once only 8 days after sowing.

3.4.2 Field Experiment Number 1

Performance oﬁ winter crops established after conven-
tional tillage following an early variety of rice and as paira
crop following an intercrop of late variety and early + late

variety of rice, in alternate paired rows.

In our survey work it was observed that in the low
1lying areas where lathyrus is extensively grown as paira crop
- following rice, a mixed culture of rice (early + late varieties)
jare sown. The lathyrus varieties are broadcasted in the standing
vcrop of late rice, 7 - 10 days before the anticipated date of

harvest of rice crop.

To simulate this culture of establishing paira crop,
;a field experiment was conducted with the objective to compare-
the productivity of a few winter crops sown through conventional
‘tillage after the harvest of early variety of rice as against the
performances of winter crops, broadcasted in the standing rice
.field (either sole or in the intercrop of early and late varieties)

7 = 10 days before harvesting rice, in lowlying situation.

23.4.2.1 lLay out and design

§

The experiment was laid out in split plot design. The

main plots consisted of methods Of crop establishmentfjconventional
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method of establishment of winter crops in the plots following
sole crop of early variety of rice (ii) relay or paira sowing
of winter crops following late variety of rice as sole crop
(iii) relay or paira sowing of winter crops following paired
row planting of early and late varieties of rice., The sub plot
treatments comprised of five winter crops - four grain legumes
(lentil, peas, lathyrus - Nirmal and local) and one oilseed crop
(linseed)s, The varieties of winter crops remaining the same as
stated in the Net House Experiments. Thus, there were fifteen

number of treatment combinations.

The plot size of the sub plot treatment was 15.9 sQ.m
‘(5.3 mx 3 m). There were three replications (Fig. 3.3) and as

such the total number of plots were 45 (3 x 5 x 3).

The experiment was repeated in three seasons 1984-85,
1985-86 and 1986-87, For future references these experiments
have been designated as Field Experiment No., 1 (1984-85), Field

Experiment No., 1 (1985-86) and Field Experiment No. 1 (1986-87).

3.4.2,2 Details of the base crop ‘rice’

A short duration semi-dwarf high yielding variety of
rice cv, MW 10 and one long duration tall high yielding rice
variety cv, Swarna were grown as sole crops separately and also
as mixed culture of two varieties *MW 10* and ‘'Swarna’ in alter-

hate paired rows.

Rice crops as detailed above were transplanted on 1Q,
11 and 6 July in the years 1984, 1985 and 1986, respectively.

The crop was managed as per the recommended package of practices
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for the kharif rice crop. Rice plots were fertilized at the

rate of 60 (20 + 20 + 20) kg N, 30 kg pzo and 30 kg KZO / ha

5
in the forms of urea, single super phosphate and muriate of
potash, The crop was transplanted on puddled soil at 20 cm x

15 cm spacing with 2 = 3, 23 - 27 days old seedlings, per hill, '

The *MW-10* variety of rice matured (seed to seed) in
105 days and wsff‘harvested on 26, 27 and 19 September during
the 1984 ,1985 and 1986 Kharif seasons, respectively, leaving
a stubble of 7,5 cm, The late variety of rice *swarna‘’ matured
(seed to seed) in 143 to 150 days and were harvested on 7, 10

~and 9 November in 1984, 1985 and 1986 aman seasons, respectively,

3.4.2.2,1 Description of experimental crop varieties of rice,
grain legumes and oilseed

Amongst the two rice varieties (i) *MW-10*' is a cross

. between °'MTU 5' x 'Wai Koku'® varieties, seeds are short and

. bold, kernels white, matures in 100 - 105 days and (ii) ‘Swarna’
~ is a long and bold seeded, plants are tall, matures in 140 days,
very suktable in lowlying areas, a cross between *RPW 6' - 13 x

‘sona‘., - shows higher yield potentiality than 'Pankaj’.

Amongst the grain legumes)(i) lentil, cv, B 77 is a
selection from the local variety'of Jorhat (Assam), maturés in
120 days and has protein content 27 % , (ii) peas, cv., B 22 is
a small seeded, long duration variety with mottled seed coat,

{ It bears large number of pods. It has been developed from local
' material and out-yields the bold, white-seeded entries, The

grain contains 27,9 % protein, It matures in 120 days,
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(iii) lathyrus, cv. Nirmal is a selection from a local material
that out'yields all other varieties, It has low neurotoxin
contents (0.2 %). The grain contains. 27,2 % protein and it
matures in 130 days. The local variety is a collection from

the local farmers of Chandamari village, maturing in 120 days.

The linseed variety cv. B 67 is a recommended variety

of West Bengal., It matures in 120 days.

3,4.2,3 Establishment of winter crops following rice

(i) sowing of winter crops through conventional method :
One day after broadcasting the seeds of winter crops under
- paira method water was drained out from all the rice plots in
the area, After another 2 - 3 days the plots having the early
| variety (*MW 10') of rice, which was harvested about 42 - 46
days before the harvest of late variety (*Swarna‘') of rice,
were dug out through spade; later on after bit of drying the
seedbed was prepared (by removing weeds and breaking the clods)
for sowing the winter crops. The plots were fertilized with
20 kg N and 40 kg P,0g / ha in the form of urea and single super
phosphate, With handhoe the winter crops were established in
. 8s0lid rows 20.5 cm apart, Thus, the winter crops were esta-
blished through conventional tillage, 7 - 12 days after the
. broadcasting of seeds as relay or paira sowing. The seed rates
used were 18, 25, 25, 25 and 9 kg / ha in cases of lentil, peas,

 lathyrus (Nirmal), lathyrus (local) and linseed, respectively.

(ii) sowing of winter crops as paira crop in the
standing field of rice without tillage : The seed rates were

25 % higher than the rates used in establishing of winter crops



50

in drills through conventional method. The 'Swarna'’ variety

of rice was harvested 7 - 10 days after sowing of winter crops
in different years (see calender of operation for Field Experi-
ment No.l). After about another 5 days fertilizers were applied
to the crops @ 20 kg N and 40 kg P,0¢ / ha in the forms of urea

and single super phosphate.,

Simultaneously, one weeding and cutting of the stubbles
at the ground level were resorted to, The crop was infested

1with the weed Argemone maxicana at a later stage and so another

hand weeding was done to remove them,

After the flowering of the crops the rat burrows were
noticed and precautions were taken to minimise rat damage

zthrough poison baiting.

3.4.2,3.1 Calender of operations
The calender of operations followed in the case of
winter crops during the three consecutive seasons are presented

in Table 3,4.

3.4.3 Field Experiment Number 2
Studies on the performance of winter crops established
as paira crop, with and without pre-sowing treated seeds and

fertilizer, following a late maturing variety of rice,

The objective of this experiment was to find out
(i) the productivity of winter crops as paira crop broadcasted
in the standing crop of late variety of rice ‘*swarna‘, 7 - 10

e

days before the anticipated date of harvesting of rice, in low
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lying situation, (ii) the effect of seed treatment on the pro-
ductivity of winter crops as paira crop and (iii) the response
of the winter crops established as paira crop to the applied

fertilizer,

3.4.3.1 1ay out and design
The experiment was laid out in split plot (sub-sub)
design., The main plot treatments comprised of 5 crops viz:

lentil, peas, lathyrus (Nirmal and local) and linseed., The

- sub plot treatments consisted of two seed treatments viz:

,(i) seeds soaked in aqueous solution of disodium hydrogen

-l

- orthophosphate (NazHPo4 5 x10 " M) for 4 h, two hours before
:sowing and (ii) control (unsoaked seeds), The sub-sub plot
treatments comprised of two fertilizer treatments viz: (i) appli-

‘cation of 20 kg N + 40 kg P,O / ha in the form of urea and

single super phosphate and (ii) control (no fertilizer), Thus,

there were twenty treatment combinations.

The plot size of the sub-sub plot treatment was 12.5
sg,m (5 m x 2,5 m), The experiment was replicated thrice,

Thus, total number of plots (Fig. 3.4) were 60 (5 x 2 x 2 X 3).

The experiment was repeated in three seasons 1984-85,
1985-86 and 1986-87, For future references these experiments
also have been designated as Field Experiment No.2 (1984-85),
Field Experiment No.2 (1985-86) and Field Experiment No.2
(1986-87 ).
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3.4.3.2 Details of the base crop ‘'‘rice* -

‘Swarna', the long duration tall, hich yielding variety,
suitable for lowlying situation was grown as sole kharif rice,
It was transplanted on 17, 16 and 14 July in the years 1984,
1985 and 1986, respectively. The crop was managed as per the
recommended package of practices for the kharif rice crop. The
plots were fertilized at the rate of 60 (20 + 20 + 20) kg N,

30 kg P05 and 30 kg K,0 / ha in the forms of urea, single super
phosphate and muriate of potash., The crop was transplanted on
puddled soil at 22 cm x 15 cm spacing with 2 - 3 seedlings (30 =

33 days old) per hill,

The crop matured in 145 to 150 days and were harvested
on 9, 10 and 9 November in 1984, 1985 and 1986 aman seasons,

‘respectively.

3,4.3.3 Establishment of winter crops as paira crop
following rice

The seed rates used here were the same as was used in
establishing the winier crops as paira crop in Field Experiment
No.l. The seeds of grain legumes (lentil, peas, and both the
varieties of lLathyrus) and oilseed (linseed) were sown by broad-
casting seeds in standing rice (*swarna‘’) crop, having 3 - 5 cm
high water in the field which was draied after 24 h, After 7 -
11 days of sowing of the winter crops as paira crop in different
_years, (see calender of operation for Field Experiment No.2) rice
crop was harvested, leaving about 7.5 cm of stubbles in the field.

After about five to seven days fertilizer was applied to the
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crops @ 20 kg N and 40 kg P,0¢ / ha, in the form of urea and

single super phosphate,

The first weeding operation including cutting of the
stubbles at the ground level were made at the time of fertili-
zing the crop. The crop was infested with the weeds Euphorbia

hirta, Blumea lacera, Scoparia dulcis, Vernonia cinerea and

Argemone maxicana at the flowering stage of the crop, hence the

second weeding was done to remove these weeds.

The peas crop was dusted with B,H.C. 10 % dust to
control Catterpillar infestation in 1986-87. Precautions were
- taken to minimise rat damage through poison baiting after flower-

ing of the crop.

3.4.3.3,1 Calender of operations
The calender of operations followed in the case of winter
crops during the three consecutive seasons are presented in Table

3.5.

3.5 Observations on winter crops recorded and the methods
used in Field Experiments

3.5.1 Pre-harvest observations
A small area (2 m x 1 m) in the north of each plot was
demarcated for taking biometrical observations including destruc-

tive samples,

3.5,1.,1 Stand establishment

The number of plants / m® was counted in field experiments

with the help of a one square metre quadrat randomly placed inside
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Table 3,5 Calender of operations performed in winter crops in
three consecutive years (1984-85, 1985-86 and 1986-87)

Operations 1984 -85 1985~-86 1986-87
1. Date of sowing 30.10,84 30.10.85 2.11.86
2. Fertilizer application 15.11.84 16,11.85 15.11,86
3. First weeding 14.11.84 18.11.85 20.11,.86
4, second weeding 1.1.85 4,1.86 7.1.87
5.\Pesticide dusting - - 10,1.87
6. Dates of harvesting
Linseed 26.2.85 26,2.86 28.2.87
Peas 26,2.85 24,2,.86 28.2.87
Lentil 2.3.85 26,2.86 1.3.87
Lathyrus (Nirmal) 12.3.85 11.3.86 16.3.87
Iathyrus (local) 26,2.85 24,2,86 27.2,87
7. Duration (days)
Linseed 119 119 118
Peas 119 117 118
Lentil 123 119 119
Lathyrus (Nirmal) 133 132 134
Lathyrus (local) 119 117 117
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¢
‘the plot, Two such samples were taken from each plot and then
average of the two samples was calculated, The first observa-

tion was taken at 45 days after sowing, after completing first

weeding, and the second was made before harvest,

3.5.1.2 soil moisture utilisation pattern

The relative amount of moisture extracted from different
depths within the root zone were determined by measuring the soii
~moisture through thermogravimetric method (Dastane, 1972). Soil
samples were collected at depth intervals of 15 c¢m upto a depth
of 60 cm from two locations in each plot with the help of a 2,5
fcm screw augaf and moisture percentage was determined on an oven
. dry basis after drying the samples to a constant weight at 105°¢

for 24 hours by using the following formula,

X =-Y
Y

) 100 where, M, Moisture percentage,

i

X Weight of wet soil in g and

Y = Weight of oven dry soil in g.

" The soil samples were taken at 60 and 105 DAS to determine the
soil moisture utilisation pattern of the crops grown under

different methods of crop establishment and management,

Derived data: The bulk density of the soil was determined

separately. The amount of profile stored moisture was depleted
from the soil during the intervening period was calculated from |
. the soil moisture percentages by using the following formula
(singh et al., 1960).

Q = - (—2ML y Bhi x Di) + Effective rainfall
= 27 100

i=1 (within that period)
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i . -~
Where Q

Quantity of moisture depleted (in mm),

AMi = Change in soil moisture percentage, on oven dry
basis, during the intervening period for the i th
soil layer)

BDi Bulk density of the *1*' th soil layer, (g / cc)

Di = soil depth of the *i*' th layer (in mm),
n = number of soil layers.
Total soil moisture utilisation of the crops for a particular

season was then calculated by adding all these Q values upto

105 DAS. |

3.5.1.3 Dry weight of shoot / mZ

In an randomly selected area of 50 cm x 50 cm, 2 metre

. deep inside the north side of each plot all the plants were cut

‘at ground level weighed in the field and about 200 gm of the

sample were put in polythene bags, for moisture determination

" in the laboratory at 80°C for 8 h., The observation was recorded

"at 90 days after sowing.

345.1.4 Methods for studying roots

To study the development of roots, an iron core sampler
of 1 m length and 7,0 cm diameter, was used, Samples were
collected at 60 and i0Ohdays after sowing of the crop. The core

sampler body was marked at every 15 cm upto 90 cm length., The

' core sampler was perpendicularly placed over surface of soil

which included one plant at the centre of the core, After cutting

the above ground shoot the core sampler was pushed into the soil,

Then it was forced to penetrate upto 15 cm depth, The root along
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with the soil was taken out from the core sampler and collected
‘in separate polythene bags, In this way soil cores at every 15 cm
depth interval, upto a depth of 60 cm, were taken out, Root

| samples so taken out from different depths were washed separately
to remove soil particles on a sieve very carefully to avoid loss
of roots., The roots were then transferred into brown paper
‘packets and kept in a hot air oven at 80°C for 8 h to get a con-

'stant weight,

3.,5,1.5 Number of nodules / plant

At 60 days after sowing, blocks- of soil, 15 cm x 15 cm X
'25 cm with one plant at the centre, were exravated, TwoO samples
‘were taken randomly from each plot. These soil blocks along
‘with the roots were put in buckets of water and with the help of
ia hand sprayer the roots were washed from soil contamination.,
The Rhizobial nodﬁles from each of the samples, after washing
were counted, to get the number of nodules / plant, upto 25 cm

i

soil depth,

3.5.2 Post harvest olservations
3.5.2.1 Number of pods or capsules / m?

The number of pods / m2 in lentil, peas, and lathyrus

2

and capsules / m“ in linseed were counted from an area of 50 cm X

50 cm at two randomly located places, in each plot; then the

average of the two readings was calculated and converted as

- number of pods or capsules / m.
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3.5.2,2 Number of grains / pod or capsule

For the determination of number of grains / pod in
lentil, peas and grasspeas and grains or seed / capsule in
linseed 20 fruits were randomly collected from each plot and
their total number of grains were counted, From these‘records

the mean number of grains / pod or capsule was worked out.

3.5.2.3 Test weight of grains (100 grains weight)

Ten samples of 100 grains were taken separately from the
harvest of each plot and weighed., From these the mean test weight
of grains was calculated, The weights were expressed at 14 %

moisture level,

305¢2,4 Grain yield in kg / ha

An area of 3 h X 2 m was harvested from each plot exclu-
ding border areas and the area demarcated for destructive sample,
The grains were then dried in sun, cleaned and their weights were
determined along with their moisture contents., The grain yields

were expressed at 14 % moisture level in kg / ha.

3,5.2.5 Productivity interms of Rs / ha
The grain yields in kg / ha so recorded for different
crops were converted into Rs / ha by multiplying their market

value as Linseed Rs.480 / per quintal.
Peas Rs,.425/- per guintal
Lentil Rs.395/= ve
Eth!rus 950245/"' ryl

[%ource: Market value of grain (Rupee value) has been
collected from local markeﬁ]
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3.5.2,6 Productivity in terms of energy output in MJ / ha
The grain yields in kg / ha for different crops were
converted into their energy unit / ha by multiplying the energy

factor (Binning et al., 1983) of respective crop as

lentil ]
peas g 14.7 MJ / kg of grain
Iathyrus g
Linseed 25,0 MJ / kg of grain

3.6 Methods of statistical analysis

The analysis of variance method (Cochran and Cox, 1955;
' Gomez and Gomez, 1976) was followed to statistically analyse the
-various data. Theﬂtables formulated by Fisher and Yates (1963)
were consulted for the purpose of comparison of the F-values
and for determination of critical differences at 5 % level of
significance, Correlation between factors and pooled analysis

' were also determined by using standard procedures (Gomez and

 Gomez, 1976).



CHAPTER 4

RESULTS



4, RESULTS

t

|

i
‘4,1 Net House Experiment No, 1

The experiment was carried out to study the stand
establishmént and initial growth of winter ¢rops under different

water regimes above the soil surface, and tillage.

4,1.1 Stand establishment

From the results summarised in Table 4.1 it is apparent
that the best stand establishment (9 out of 10 seeds) was recorded
in IAathyrus (Nirmal) on 8 days after sowing and the lowest esta-
blishment (6 out of 10 seeds sown) was recorded in peas which
was significantly lower than those recorded in other crops. Under
conventional tillage, stand establishment was very satisfactory:;
Out of 10 seeds sown, 9.7 plants could establish. On the other
hand when the seeds were sown on the surface of puddled soil with
no standing water the mean number of plants established were 6,5
out of lb seeds sown. Stand establishment improved through
stagnating water for differént durations on the puddled soil.
It may be mentioned here that due to slow infiltration of water,
a constant head of water for 12 or 24 h could not be maintained
ef fectively, The water levels were corrected thrice during the
:day time, The interaction between the crops and water regime &
tillage was signfficant., Stagnation of water adversely affected
the stand establishment of peas followed by lathyrus (loxal).
fThe lathyrus (local) seeds, for reasons not very well known,
showed slightly inferior stand establishment (7.6) to those
;recorded in the Nirmal variety of lathyrus., The differences

due to seed treatments were not significant.
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table 4,1 Effect of seed treatment, and water regime & tillagé
% at the time of sowing of different crops on stand
establishment at 8 days after sowing (Net House
Experiment No.1, 1984)
soil/Water seed winter crops (C)
regime treatment Lin- Peas Lentil Ilathy- lathy- Mean
(w) (s) seed rus rus
' (Nirmal)(local)
Unpuddled Treated 10,0 9,0 9,6 9.6 10,0 9,6
(Tilled) Untreated 9.6 9.6 9.6 10.0 9.6 9.7
Mean 9.8 9,3 9.6 9.8 9.8 9,7
Puddled Treated 7.0 5.6 8.0 6.4 5.6 6,5
(0 cm) Untreated 7,0 5.6 5,6 8B40 5,6 6,4
Mean 7.0 546 6,8 T2 5.6 6.5
Puddled Treated 8.4 5e6 8,0 16,0 8,6 8.1
(5 /12 h) Untreated 9,6 5.6 10.0 10,0 7.0 8.4
Mean 9,0 5.6 9,0 10,0 78 8,3
Puddled Treated 10,0 5,0 8.4 8.4 6.6 7.7
(5 cm/24 1) yitreated 8,4 3.6 9.0 9.6 8,6 7.8
Mean 9,2 4,2 8e7 9,0 7.6 7.8
seed Treated 8.8 6,2 8.4 8.6 Te6 7.9
o tment Untreated 8,6 6.0 8,4 9.4 7.6 8.0
Mean Crops 8,7 6.1 8’4 9.0 746
C w S CxwW Cxs WxS CXWXS
S.BEm + 0. 26 0,24 0. 14 0, 56 0,32 0, 28 0,64
C.Do at 5% 0.85 0.69 N.S. 1.62 N.S. Nos. Noso
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:4.1.2 Shoot length at 12 days after sowing

The leﬁgth of shoots recorded at 12 DAS showed signi-
ficant differences between plants ranging from 10.5 cm in ‘
Lathyrus (Nirmal) to 4.1 cm in linseed (Table 4.2). The length
of shoot of lentil (5.4 cm) was significantly more than linseed.
The plants were significantly taller when they were established
on puddled soil submerged for 12 h., The lowest shoot length
was recorded in plants raised on puddled soil with no standing
water, Shoot length recorded in plants established on puddled
soil with 24 h of standing water were significantly lower than
those in 12 h of standing water, The interaction'between crops
‘and water regime & tillage was significant. It indicated that
-the growth of peas interms of length of shoot was appreciably
‘and significantly affected when the plants were established on
puddled soil without any standing water, So was the case, in
case of lentil as well when compared with conventionally tilled
lentil, The plants raised from treated seeds were significantly
and appreciably taller than those established from untreated
seeds, The interaction between crops and seéd trea tments was
significant. The maximum advantage of seed treatment was observed
in lentil followed by linseed and peas. The differences due to

seed treatments were not very high in case of lathyrus varieties.

4,1.3 Root length at 12 days after sowing

At 12 DAs the root length showed significant differen-
|ces between the crops (Table 4.3) and only in case of linseed
the root length exceeded shoot length by 1.8 cm, The root length

of peas was very similar to that of lathyrus (Nirmal) but showed
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Table 4,2 Effect of seed treatment and water regime & tillage
‘ at the time of sowing of different crops on shoot
length (cm), 12 days after sowing (Net House EXxperiment
No.,1, 1984)
soil/wWater seed Wwinter crops (C)
regime treatment Lin- Peas Lentil Iathy~ 1athy~ Mean
(W) (s) seed rus rus
: (Nirmal)(local)
Unpuddled Treated 4,7 7e2 6,8 9.3 9.3 Te5
(tilled) Untreated 4,1 7.6 4.7 9.4 9.1 1.0
Mean 4.4 7.4 5¢8 9,4 9.2 763
Puddled Trea ted . 6.2 4,8 10,8 9.1 Tel
{0 cm) Untreated 3, 5.6 4.8 9.8 10.0 6.8
‘ Mean . 5.9 4,8 10.3 9,6 7.0
Puddled Treated 4,6 9,2 59 11.6 9,7 8,2
(5 em/12h) 4t reated 3.6 7.8 5.1 11.8 10.5 7.8
Mean 4,1 8,5 5¢5 11,7 10.1 8,0
Puddled Treated 4,2 8,4 5¢6 10.5 10,2 7.8
(5 em/24 h) ireated 3.2 8.4 5,0 10,7 9.6 7.4
Mean 3.7 8.4 5.3 10.6 9.9 7.6
fgjateme“t Untreated 3.7 7.3 4.9  10.4 9.8 7.2
Mean Crops 4,1 7.5 5.4 10.5 9.7
C W S CXwW CxS WXS CxWXS
S. Em + 0,07 O.11 0,07 Q. 26 0. 15 0.13 0. 30
' 0. 23 0,32 0.20 0.75 0.43 N.S. 0.86

¢.D. at 5%

"
t
t

i
1
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Table 4,3 Effect of seed treatment and water regime & tillage
at the time of sowing of different crops on root length
(cm), 12 days after sowing (Net House Experiment No.1,

1984 )
soil/water Seed Winter crops (C)
regime treatment Line Peas Lentil 1athy- 1lathy- Mean
(W) (s) seed rus rus
: (Nirmal)(local)
Unpuddled Treated 6.7 9.3 5.6 8.4 8.3 7.7
(tilled) Untreated 5.9 8.0 4.8 6.6 6.9 6.4
Mean 6.3 8,7 5.2 7.5 76 Tl
Puddled Treated 6.8 7.2 6.3 6.9 8.0 7.0
(0 cm) Untreated 5.8 5.6 4.5 6.3 6.8 5.8
Mean 6.3 6.4 5.4 . 7.4 6.4
Puddled Treated 6.6 .3 6.8 7.9 8. 7.4
(5 em/12 h)  yyreated 5.7 .5 5.9 6.8 7.1 6.4
Mean 6.2 .9 6.4 7.4 7.8 6.9
Puddled Treated 5.3 7.1 6.2 7.7 8.0 6.9
(5 em/24 h) 4y ireated 4. 5,5 5.2 5.5 6.3 5.4
Mean 4,9 6.3 5.7 6.6 7.2 6.2
seed Treated - 7.7 - 7.7 8.2 7.2
?g?atment Untreated 5. 6.4 5.1 6.3 6.8 6.0
Mean Crops 5,9 7.1 5.7 7.0 7.5
C W 3 CxwW Cxs WXS CXWXS
$. Em + 0. 05 0.11 0,07 0.25 0.16 0.15  0.33
C‘DO at 5% oo 16 oo 32 0020 0.72 NoSo NCS. NOS.
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a significant edge over lLathyrus (local), The plants raised on
puddled soil having standing water for 12 or 24 h showed slightly
shorter length of roots than those growing on conveniionally
tilled soil. Conventionally tilled crops showed significantly
longer root than those recorded in plants raised on puddled soil
without or with 24 h of standing water. The interaction between
crops and water regime & tillage was significant and it indica-
ted that root length was appreciably reduced when the plants were
established on wet soil with water submergence for 24 h, to start
with, As in the case of shoots so was i the case of root, the
plants raised from treated seeds were significantly'Eglléﬁxgggﬁ

ithose from untreated seeds, The interaction between crops and

seed treatments was not significant.

4,1.4 shoot dry weight / plant at 12 days after sowing

The highest shoot dry weight / plant (36.8 mg) was
observed (Table 4.,4) in lathyrus (Nirmal) followed by lLathyrus
local (35.1); the treatment differences between the two variety
were not significant. Both the lathyrus varieties recorded
significantly higher shoot dry weight / plant than rest of all
crops except the difference between peas and that of lathyrus
(local) was not significant. The lowest shoot dry weight /
plant (4.1 mg) was observed in linseed. Plants raised from
seeds sown on puddled soil with 12 h of standing water had the
‘highest shoot dry weight / plant (27.6 mg) followed by the
‘treatment with 24 h of standing water on puddled soil and

these two were significantly superior to shoot dry weight /



Table 4.4
!

68

Effect of seed treatment and water regime g& tillage
at the time of sowing of different crops on shoot dry
weight/plant (mg), 12 days after sowing (Net House

Experiment No.1l, 1984)

Ssoil/water Seed winter crops (C)
regime treatment Lin-~ Peas Lentil Iathy- Llathy- Mean
(W) (s) seed rus rus
(Nirmal)(local)
tnpuddled Treated . 30,7 10,7 33,9 32,3 22,3
(tilled)
, Untreated 3,5 29,0 9.7 31.4 29,6 20.6
Mean 3, 29,9 10.2 32,7 30.0 21.5
Puddled Treated 3,9 30,1 10.6 33.8 27.3 21,1
(0 cm) Untreated 3. 25,5 8.2 30.8 25,4 18.6
Mean 3. 27.8 9.4 32.3 26,4 19.9
puddled Treated 5,9 37.6 12.6 45,0  43.9 29.0
(5 em/12 h)  yireated 3.8  35.7 11.1 38.4 41,9  26.2
Mean 4,9 36,7 11.9 41,7 42.9 27.6
Puddled Treated 4,6 39,0 12,5 41.5 43,2 28,2
(5 cm/24 h)  ireated 3.7 36,6 9.6 39.8  37.0  25.3
| Mean 4,2 37.8 1l.1  40.7 40.1 26.8
seed Treated . 34,4 11.6 38,5 36.7 25,2
?g?atment Untreated 3.5  31.7 9.6 35.1 33,5 22.7
Mean Crops 4.1 33.1 10.6 36,8 35.1
C w S Cxw Cxs WXS CxWXS
5. Em + 0.89 0.24 0.27 0,53 0,61 0.55 1.23
2. 90 0'69 0.78 l. 53 N.S. N. SO NQSO

k,n. at 5%
|
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plant obtained in plants established on conventionally tilled
and puddled soil, without any standing water. The shoot dry
welghts were significantly more in plants raised on tilled
than on puddled soil without any standing Qater. The inter-
action between crops and water regime & tillage was signifi-
cant. This indicated that the shoot dry weights were signi-
ficantly more in plants raised in tilled soil than on puddled
soil (without any standing water) in case of peas and lathyrus
(local) but not in others. Further, stagnation of water for
12 h on puddled soil significantly increased shoot dry weight
except in linseed. But where the duration of the stagnation'
was increased to 24 h only in case of lathyrus (local) the

dry weight accumulation was significantly reduced, The plants
raised from treated seeds showed significantly higher shoot dry

weight / plant than the plants raised from untreated seeds. The

interaction between seed treatments and crops was not significant.

4,1.5 Root dry weight / plant at 12 days after sowing

The highest root dry weigh£ / plant (12,6 mg) was
observed (Table 4,5) in peas followed by lAathyrus - local
(12.2 mg) and it was significantly superior to root dry weight /
plant of lathyrus varieties, The difference in root dry |
weight / plant between the lathyrus varieties was not significanti/
The lowest root dry weight / plant (1.4 mg) was recorded in
linseed and it was significantly lower than that of lentil.
The different water regime & tillage caused significant differ-

ences in root dry weight / plant. Crops raised on conventionally
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Table 4,5 Effect of seed treatment, water regime & tillage
: at the time of sowing of different crops on root dry
weight/plant (mg), 12 days after sowing (Net House
Experiment No.l, 1984)
Soil/wWater Seed Winter crops (C)
- regime treatment Lin- Peas Lentil Iathy- lathy- Mean
(W) (s) seed rus rus
(Nirmal)(local)
(tilled) )
Untreated "~ 1.5 10,6 5.2 12.7 12.1 8.4
Mean 1.6 13.2 5.6 13.2 12.2 9.2
Puddled Treated 1.2 11.2 4,8 12,1 11.8 8.2
(0 cm) Untreated 1.2  10.2 4,3  11.6  10.1 7.5
Mean 1.2 10,7 4,6 11.9 11,0 7.9
Puddled Treated 1.3 14.3 5.4 12,4 12,6 9.2
(5 em/12 h)  yereated 1.1 11.1 4.6  10.8  11.0 7.7
Mean 1.2 12.7 5.0 11.6 11,8 8.5
puddled Treated 1.3 14.4 6.2 12.4 15.2 9.8
(5 em/24 h) 4 ireated 1.3  13.5 5.1 10,6 12,2 8.5
Mean 1.3 14,0 5.7 11.5 13.7 9,2
seed Treated 1,4  13.9 5.6  12.6 13,0 9.3
%gfatme"t Untreated 1.3 11.3 4.8 11,4  11.3 8.0
Mean Crops 1.4 12.6 5.2 12,0 12,2
c W S CxN Cxs WXS CXWXS
CLD. at 5% 0. 39 0.46 O. 26 1.01 N.S. NQSQ NQSO
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tilled soil showed significantly higher root dry weight / plant
than those raised on puddled soil with no standing water or
with 12 h of Submergence, Root dry weight / plant (9.2 mg)

was recorded in plants established on puddled soil with 24 h

of submergence and it was equal to those raised in coﬁventio-
nally tilled soil. The lowest root dry weight / plant (7.9 mg)
was recorded in plants established on puddled soil with no
standing water., The interaction between the crops and water
regimes & tillage was significant. Crops raised on conven-
tionally tilled soil showed significantly higher root dry
weight / plant except in linseed and lentil than those raised
on puddled soil with no standing water, Stagnation of water
improved the dry weight of root only in case of peas over the
treatment, The plants raised from treated seeds showed signi-
ficant ly higher root dry weight / plant than the plants raised
from untreated seeds, The interaction between crops and seed

treatment was however not significant. .

4,1.6 Shoot length at 19 days after sowing

The highest shoot length (13.9 cm) was recorded
(Table 4.6) in Iathyrus (Nirmal) closely followed by lathyrus -
local (13.6 cm), both of them had significantly longer shoot
than peas (10.8 cm) and other crops. Peas again had signi-
ficantly greater shoot length than linseed which in turn again
had longer shoot than lentil. Plants raised on puddled soil
with 12 h of standing water showed significantly higher shoot

length (11.2 cm) than rest of the treatments (water regime &
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Effect of seed treatment and water regime & tillage

Table 4,6
at the time of sowing of different crops on shoot
length (cm), 19 days after sowing (Net House Experiment
No.l, 1984)
Soil/water Seed Winter crops (C)
regime treatment Lin- Peas Lentil 1lathy- Lathy- Mean
(W) (s) seed rus rus
(Nirmal)(local)
Unpuddled Treated 8.1 12.5 Te7 13.5 13.1 11.0
(tilled)
; Untreated 7,2 11.7 7.1 2 12.5 13.1 10,3
Mﬁn 707 12.1 704 13.0 13.1 10.7
Puddled Treated 8.1 9,2 6.5 12.7 13.3 9.9
?° cm) Untreated 6,1 8.8 5.0 12,5 12,5 9,0
Mean 7.1 9,0 5.8 12.6 12.9 9.5
Puddled Treated 8.5 13.5 7.9 15.7 14.5 12.0
(5 em/12 h)  yireated 6.3  12.0 6.1  14.5 13.3  10.4
Mean .4 12.8 7.0 15.1 13.9 11.2
Puddled Treated 9.0 10,2 7.4 15.2 15.0 11.4
(5 om/24 h) 4 eated 7.0 8.8 6.6 14.2  13.5  10.0
Mean 8,0 9.5 7.0 14,7 14,3 10,7
Seed Treated 8.4 11,3 7.4 14,3 14,0 1l.1
‘(‘g')’at“‘e“t Untreated 6.6  10.3 6.2  13.4  13.1 9.9
Mean Crops 745 10,8 6.8 13,9 13,6
C w S CxwW CXS WXS CXWXS
S.Eﬁ\ i OQ 18 O. 14 0009 0. 32 OQ 20 O. 18 0. 40
0.59 0.40 0.26 0.92 NnSc NOS. NOS.

C.D, at 5%

1
i
i
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tillage), as well, Plants established on puddled soil with
no stagnation of water recorded the lowest shoot length (9.5
cm). Shoot lengths recorded in plants raised on conventio-
nally tilled and éuddled soil with 24 h of standing water

were similar, The interaction effect between crops and water
regimes & tillage was significant, This indicated that the
shoot length was adversely affected in case of lentil, peas
and lLathyrus varieties when established on puddled soil without
submergence but this phenomenon was not recorded in linseed.,
In peas, however, the shoot length was reduced where the stag-
nation of water was for a longer duration. Plants established
with treated seeds showed significantly longer shoots than .

those plants, raised from untreated seeds,

4,1,7 Root length at 19 days after sowing

The highest root length (10.2 cm) was observed (Table
4,7) in lathyrus (Nirgé%) which was significantly different
from rest of all othef;crops. The next highest root length
(9.6 cm) which was significantly higher fhéﬁ‘lentil, linseed
and peas was recorded in Lathyrus (local). The lowest root
length (7.7 cm) was observed in lentil. Between lentil and
linseed there was no significant difference in root length.
Plants raised on different water regimes & tillage had signi-
ficant differences in root length and the highest (10 cm)
was recorded in the plants raised from seeds sown in conven-
tionally tilled soil. The root lengths of plants raised on

puddled soil with and without water stagnation did not differ
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Table 4,7 Effect of seed treatment and water regime & tillage
at the time of sowing of different crops on root
length (cm), 19 days after sowing (Net House Experiment
No.1l, 1984)
Soil/water Seed _ Winter crops (C)
regime treatment Lin- Peas [eéntil lathy- 1athy- Mean
(W) (s) seed rus rus
(Nirmmal)(local)
Unpuddled Treated 8.4  11.2 9.0 11,6  12.1  10.5
(tilled) Untreated 7.8  10.0 8,0  10.8  10.2 9.4
Mean 8.1 10.6 8.5 11,2 11.2 10.0
Puddled Treated 9,0 8.7 8,2 9.4 9.3 8.9
(0 cm) Untreated 7.6 8.6 7.2 9.0 8.1 8.1
Mean 803 8,7 7.7 9.2 8,7 8,5
Puddled Treated 8,0 8,3 7.3 10,8 9,2 B.7
(5 em/12 W) 4 ireated 7.4 7.2 6.9 9.9 8.6 8.0
Mean 7.7 7.8 7.1 1004 8.9 804
puddled Treated 7.3 9.0 7.8 10,4 9,8 8.9
(5 cm/24 h) 4 ireated 7.0 8.1 6.7 9.6 9.5 8.2
Mean 7.2 Be6 7.3 10,0 9,7 8,6
Seed Treated B.2 9,3 8.1 10.5 10. 1 9.2
gfat‘“e"t Untreated 7.4 8.5 7.2 9.8 9.1 8.4
Mean Crops 7.8 8,9 7.7 10,2 9,6
C W S CxXw Cxs WXxS CXWXS
S.Em + 0,12 0.12 0,08 0,27 0,17 0,16  0.35
0.39 O' 34 0.23 0.76 N.SO NQS. N.S.

C.D. at 5%
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significantly. The interaction effect between the crops and
water regimes & tillage was, however, significant. In linseed
the difference in root length between the plants raised on
conventional tillage and puddled condition without any stand-
ing water was not significant; stagnation of water caused
reduction in root length in linseed, peas and lentil. 1In v
Iathyrus on the other hand showed longer root in plants raised
on puddled soil with stagnated water, The root lengths were

significantly more in plants raised from treated seeds.

4,1.8 shoot dry weight / plant at 19 days after sowing

Amongst all crops, peas showed (Table 4.8) the highest
shoot dry weight / plant (63.7 mg). It was significantly higher
than those of lathyrus varieties, The treatment differences
between two lathyrus varieties were not significant. The lowest
shoot dry weight / plant (11.7 mg) was recorded in linseed and |
it was significantly lower than the shoot dry weight of lentil.
Plants raised on puddled soil with standing water for 12 h
showed the highest shoot dry weight / plant (46.8 mg) and it
was significantly superior to other water regime & tillage
treatments. The lowest shoot dry weight / plant was recorded
when the plants were established on puddled soil without any
stagnation of water, and it was even lower than the root dry
weight of plants established in tilled scil. The interaction
between the crops and water regimes & tillage was significant
and it indicated that except lentil the all other crops esta-
blished on puddled scil without any stagnation of water had

reduced shoot dry weight / plant., Increasing the duration of
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Effect of seed treatment and water regime & tillage
at the time of sowing of different crops on shoot dry
weight/plant (mg), 19 days after sowing (Net House

Experiment No.l, 1984)

Soil/Water Seed Winter crops (C)
regime treatment Lin- Peas Lentil Ilathy- Lathy- Mean
(w) {S) seed rus rus
(Nirmal)(local)
Unpuddled Treated 16,0 67.8 23,2 60,9 63,9 46,4
(tilled) Untreated 13.4 58.0 22.6 56.3  53.9  40.8
Mean 14.7 62,9 22.9 58.6 58,9 43,6
puddled Treated 13,2 60.5 22.6 54.0 57.0  41.5
(0 cm) Untreated 8.0 55.3 21.6 52,2 56, 2 38.7
Mean 10.6 57.9 22.1 53.1 56.6 40.1
puddled Treated 13,0 72,8 24,1 69.9 64.6 48,9
(5 em/12 h)  ireated 9.9 71.2 20,0 62.6  59.4 44,6
Mean 11,5 72.0 22.1 66.3 62,0 46.8
Puddled Treated 10.6 65.6 24.2 7T1.1 71.6 48,6
(5 cm/24 h) i reated 9.0 58.2 20.0 69.3 60,2  43.3
Mean 9.8 61,9 22.1 70.2 65.9 46.0
Seed Treated 13.2 66.7 23,5 64,0 64,3 46.3
fg?atment Untreated 10.1 60,7 21,1 60.1  57.4  41.9
Mean Crops 11.7 63.7 22.3 62,1 60.9
C W S CxwW Cxs WXS CXWNXS
S.Em + 0,42 0.22 0.31 0.50 0.69 - 0,61 1. 37
Cc.D. at 5% 1.37 0.64 0,90 1.44 N.S. N.S. N.S.
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submergence after sowing of seeds on puddled éoil from 12 to
24 h further inproved the dry matter accumulation in Iathyrus
varieties whereas it was reduced in case oOf peas and linseed;
the water regime treatments had no significant effect in shoot
dry weight variations in lentil. The plants raised from
treated seeds showed significantly higher shoot dry weight /
plant than that of untreated seeds, The interaction betweeﬁ

crops and seed treatments was not significant,

4,1.9 Root dry weight / plant at 19 days after sowing

The highest and the lowest root dry weight / plant
were 21.3 mg and 2,4 mg recorded (Table 4,.,9) in peas and linseed,
respectively. The root dry weight observed in peas was signi-
ficantly superior to the rest of all other crops. The next
highest root dry weight / plant was (18.9 mg) recorded in
lathyrus (local) followed by lathyrus (Nirmal); the difference
between their root dry weights was also significant. Thé
lowest root dry weilght was recorded in linseed and it was
significantly lower than the root dry weight of lentil. The
highest root dry weight / plant (16 mg) was recorded in plants
established on conventionally tilled soil. The lowest rooct
dry weicht / plant (12.6 mg) was observed in plants establish-
ed on puddled soil without any stagnation of water and this
was significantly lower than other root dry weights observed
in plants established on puddled soil with 12 to 24 h of
standing water, No significant difference, was however,
observed between plants established on puddled soil having

12 and 24 h of standing water., The interaction between the
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Effect of seed treatment and water regime
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& tillage

at the time of sowing of different crops on root dry
weight / plant (mg), 19 days after sowing (Net House
Experiment No,1, 1984)

soil/water seed winter crops (C)
regime treatment Lin- Peas Lentil 1lathy- lathy- Mean
(W) (s) seed rus rus
(Nirmal)(local)

Unpuddled Treated 2.4  25.4 10,0 22.1 24,4 16.9
(tilled) Untreated 2.3  22.4 8.9 20,1  21.1  15.0
Mean 2.4 23,9 9.5 21,1  22.8 16,0
Puddled Treated 2.7 20.1 9.2 17.8 18,0  13.6
(0 cm) Untreated 2.0  18.1 7.0 16.0  15.0  11.6
Mean 2.4 19.1 8.1 16.9 16,5 12.6
puddled Treated 2.5  22.6 12.4 17.4 20.8 15.1
(5 12 h) 1 ireated 2.4  19.1 9.8 15.4  16.2  12.6
Mean 2.5 20,9 11.1 16.4 18.5 13.9
Puddled Treated = 2.3 22,8 9,7 18.2 18.5  14.3
(5 em/24 h) i eated 2.2 19.5 7.9  16.2 1648  12.5
Mean 2.3 21.2 8.8 17.2 17.7 13.4
Seed Treated .5 22,7 10.3 18.9 20,4 15,0
fgﬁatme“t Untreated 2.2 19,8 8.4 16.9 17.3 12.9

Mean Crops 2.4 21.3 9.4 17,9 18.9
c W S CxW  Cxs WXS CXWXS
S.Em + 0. 20 0.23 0.16 0,51 ©0.36  0.32  0.72
0.65 0,66 0.46 1.47 N.S. N.S. N.S.

C.D. at 5%
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Crops and water regimes & tillage was significant indicating
that plants raised on puddled soil without stagnation of water
had reduced root dry weight / plant except in linseed and lentil.
» with increasing duration of water stagnation from 12 to 24 h
| after sowing, the dry matter accumulation in root increased in
- pedas and lathyrus (Nirmal) and there was a decline in dry
matter accumulation in lentil and lathyrus (local). Signifi-~
-cantly more root dry matter / plant was produced in plants

raised from pre-sowing treated than from untreated seeds.

4,1.10 shoot length at 26 days after sowing
The highest shoot length (18.1 cm) was observed (Table

4,10) in lathyrus (local), closely followed by peas (17.9 cm)

% and Lathyrus (Nirmal). The lengths of shoots of linseed and

§ lentil were significantly lower than lathyrus varieties and

- peas, The lowest shoot length (9.8 cm) was recorded by lentil,

| and it was significantly lower than linseed a}sq, Crops raised

. under conventional tillage showed significantly better shoot
length (16.1 cm) than those raised on puddledsoil without or
with standing water for 12 h, but no significant difference
was observed with the shoot lengths recorded in plants raised
on puddled soil with 24 h of standing water. The interaction
between crops and water fegimes & tillage was significant,
Except 1enti};increased shoot lengths were observed in all‘-

| crops ., when ﬁlants were raised on conventionally tilled soil :

| over those recorded in plants raised on puddled soil with no \\
- standing water. In lentil, crops raised on puddled soil with

12 h of standing water showed significantly higher shoot length
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Table 4,10 Effect of seed treatment and water regime & tillage
at the time of sowing of different crops on shoot
length (cm), 26 days after sowing (Net House Experiment
No.1l, 1984) '

soil/wWater Seed Winter crops (C)

regime treatment Lin- Peas Lentil Lathy~ Lathy- Mean
(W) (s) seed rus rus
(Nirmal)(local)
Unpuddled Treated 14,3 20.5 10.6 20.1 18.9 16.9
(tilled)
Untreated 12,3 18,9 9,0 18.6 17.5 15.3
Mean 13,3 19,7 9,8 19,4 18,2 16.1
Puddled Treated 13,3 17.8 9.5 18,0 19.5 15.6
(0 cm) Untreated 10.7 15.8 7.7 15,7 15.7 13,1
Mean 12,0 16,8 Be6  16.9 17.6 14.4
Puddled Treated 13,2 18.8 10.5 18,0 18,8 15.9
(5 em/12 h)  yrreated 12,6 16,2 9.5 16,5  17.6 14,5
Mean 12,9 17.5 10,0 17.3 18,2 15,2
Puddled Treated 13,5 18.2 11,7 18.1 19.2 16,2
(5 cm/24 h)  yireated 12,2 17.0 9.4 17,3 17.6 14.9
Mean 12,8 17.6 10.6 17.7 18.4 15.6
seed Treated 13,6 18,8 10.6 18,5 19.1 16,1
?;jatme”t Untreated 11.9 17.0 8.9 17.0  17.1 14. 4
Mean Crops 12,8 17.9 9.8 17.8 18.1
c W s CxW xS WXS CXWXS
S.Em + 0.19 0,20 0,17 0.44 0.39  0.35 0.78

C.D. at 5%, 0.62 0.57 ©0.,49 1,26 N.S. N.S. N.S.
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than those recorded in puddled soil with no standing water,

In all crops except linseed greater shoot lengths were obsefved

when plants were established on puddled soil with 24 h of
standing water than those recorded in puddled soil with 12 h

of standing water; the differences were, however, not signi-

ficant, The plants raised from treated seeds had significantly

higher shoot length than those raised from untreated seeds,
Interaction between crops and seed treatments was not signi-

ficant.

4.1.11 Root length at 26 days after sowing

Iathyrus (Nirmal) showed (Table 4.11) the maximum

" root length (12.1 cm) closely followed by Lathyrus (local) and

peas (11.5). The root lengths of Lathyrus varieties and peas

were significantly higher than lentil (9.6 cm) and linseed

- (10.1 cm)., The lowest root length was recorded in lentil,

" however no significant difference was observed with linseed,

The water regime & tillage treatments did not show significant

difference in root length in plants established on different

- water regimes & tillage, Significantly longer roots were

- observed in plants raised from treated seeds than those

recorded in plants raised from untreated seeds, Interaction

between crops and seed treatments was not significant.

4,1.12 shoot dry weight / plant at 26 days after sowing
The highest shoot dry weight / plant (116,0 mg) was

recorded (Table 4,12) in peas which was significantly superior
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Table 4.11 Effect of seed treatment and water regime & tillage
at the time of sowing of different crops on root
length (cm), 26 days after sowing (Net House Experi-
ment No.l, 1984)

soil/water Seed winter crops (€)

regime treatment Lin- Peas Lentil 1lathy- Lathy-~ Mean
(W) (s) seed rus rus
(Nirmal)(local)
Unpuddled Treated 11.4 13.4 10.7 14.1 12,0 12.3
(tilled)
Untreated 10.0 11.6 9.6 12,7 11.3 11.0
Mean 10.7 12.5 10.2 13.4 11.7 11.7
Puddled Treated 9.9 11.0 9.1 11.5 11,5 10,7
(0 cm) Untreated 9.7 9.8 8,7 11.3  10.3  10.0
Mean 9.8 10.4 8.9 11.4 10.9 10.4

Puddled Treated 10,5 12.2 10,7 12.5 14,0  12.0

(5.a/12 B)  ynereated 9.2 11,5 9.1 1L.5  11.0  10.5

‘ Mean 9.9 11.9 9.7 12.0 12.5 11.3

Puddled Treated 9.9 11,3 10,2 _11.9  11.4  10.9

(5 cm/24 h)  ypereated 9.6 10,7 9.0 11,3 10.3  10.2

| Mean 9,8 11.0 9,6 11.6 10,9 10,6

Seed Treated 10.4 12,0 10,1 12.5 12,2 11.4

?;?atment Untreated 9.8 10.9 9.1 11.7  10.7  10.4

Mean Crops 10.1 11.5 9.6 12.1 11.5

o W S CxN Ccxs WXS CHNXS

S.Em + 0.29 0,23 0.13 0.51 0.29 0. 26 0.58 .

C.D. at 5% 0,95 N.5. ©0.38 N.3. N.5. N.3. N.S.

|
i
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Eable 4,12 Effect of seed treatment,and water regime& tillage
‘ at the time of sowing of different crops on shoot
dry weight / plant (mg), 26 days after sowing (Net
House Experiment No.l, 1984) ‘
Soil/Water Sead Winter crops (C)
regime treatment Lin- Peas Lentil Iathy-~ Iathy- Mean
(W) (s) seed rus rus
(Nirmal)(local)
Unpudd led Treated 32.5 129.0 43.9 112.9 128.0 89.3
(tilled) Untreated 30,0 119.5 35,2 107,0 124,0 83,1
Mean 31.3  124.3 39,6 110.0 126,0 86.2 °
Puddled Treated  29.4 104.1 36,5 107.5 .97.4 75,0
(o cm) Untreated 22.4 100.7 36,2 100.1 88,9  69.7
Mean 25,9 102.4 36.4 103.8 93,2 72.4
Puddled Treated  28.7 134,0 39.2 109.6 123,6 87.0
(5 em/12 h)  yireated 28.1 104.9 38.0 108.8 112.0 78.4
| Mean 28.4 119.5 38.6 109.2 117.8 82,7
puddled Treated 27.7 119.5 41.0 111.2 115.1 82.9
(5 on/24 h) 4 ireated 26.9 116.2 36.4 "108.7 113.1 B80.3
Mean 27.3  117.9 38.7 110.0 114.1 81,6
Seed Treated 29.6 121.6 40,1 110.3 116,0 83.5
%gjatme“t Untreated 26.8 110.3 36.4 106.1 109.5 77.8
Mean Crops 28.2 116,0 38,3 108.2 112.8
o W S CxXW cxs WXS CXWXS
$.Em + 0.71 0.63 0,80 1,44 1.79  1.60 3,58
2,32 1.81 2,31 4,14 N.Se. N. S. N.Se

Q.D. at 5%

|

i



84

. to shoot dry weight recorded in other crops. Again the shoot

 dry weight of lathyrus (local) was 112.8 mg and this was signi-

ficantly superior to Nirmal variety of Iathyrus (108.2 mg).

The lowest shoot dry weight (28.2 mg) was observed in linseed

- which was significantly lower than lentil. Significantly

highest shoot dry weight / plant was recorded in plants raised

~on conventionally tilled soil. The lowest shoot dry weight /
iplant (72.4 mg) was observed in plants established on puddled

soils with no standing water; this was significantly lower than

shoot dry welight recorded in plants raised on puddled soil with
12 and 24 h of standing water, No significant difference was

observed with regard to shoot dry weight accumulated between

' treatment with 12 and 24 h of submergences. The interaction

between water regimes & tillage and crops was significant,
Crops raised on puddled soil with no standing water shbwed
adverse ’é\rffect, in shoot dry weight productibn except in linseed
and 1en£il. Linseed recorded significantly higher shoot dry

weight / plant (31.3 mg) when grown on conventionally tilled

fsoil than those produced on puddled soil with no standing water.

Shoot dry matter accumulation in linseed under different puddled

soil conditions were not significantly different. 1In lathyrus
' (local) and peas, the seeds sown on puddled soil with 24 h of

submergence, showed lesser accumulation in shoot dry weight

than those raised under 12 h of submergence; but this was not
so in lathyrus (Nirmal). Water regime & tillage treatments aid
not cause any significant variation in shoot dry weight in case

of lentil, Plants raised from treated seeds produced more shocot

dry weight / plant.
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4.1.13 Root dry weight / plant at 26 days after sowing

Peas recorded (Table 4.13) the highest root dry weight /
plant (37.8 mg), which was significantly higher than all other .
crops. lLathyrus (local) showed the next highest root dry
weight / plant (29.2 mg) followed by lathyrus (Nirmal) (26.9 mg)
and the difference between these two was élso significant, The
~lowest root dry weight / plant (3.0 mg) was recorded in linseed
and it was significéntly lower than lentil, Plants raised on
conventionally tilled soil showed the highest root dry weight /
plant (24.3 mg) closely followed by root dry weight / plant
;(23.5 mg) recorded in plants established on puddled soil with
;12 h of standing water., The lowest root dry weight / plant was
observed in plants established on puddled soil with no standing
;water: this was significantly lower than the root dry weights
~obtained in all other water regime & tillage treatments. Again
root dry weight / plant recorded in plants established on puddled
soil with 24 h of standing water was significantly lower than
those raised in conventionally tilled and puddled soil with 12 h
of standing water. The interaction between crops and water
regimes & tillage was significant, indicating thereby that
crops raised on puddled s0oil with no standing water had reduced
root dry weight except in linseed and lentil, 1In lentil and
Lathyruév(local)} root dry weight / plant was adversely affected
éwhere the plants were raised on puddled soil with 24 h of stand-
%ing water, No significént difference was observed in linseed

'due to water regime & tillage treatments. Plants raised from
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Table 4,13 Effect of seed treatment and water regime & tillage

' at the time of sowing of different crops on root dry
weight / plant (mg), 26 days after sowing (Net House
Experiment No,1l, 1984)

Ssoil/water seed _ Wwinter crops (C)
regime treatment Lin- Peas Lentil 1athy- Lathy- Mean
(W) (s) seed rus rus

(Nirmal)(local)

Unpuddled Treated 3.3 42,5 18,8  30.3 34,5 25.9
(tilled)
Untreated 2.9 37.0 16.7 26.1 30.1 22.6
Mean 3.1 39.8 17.8 28.2 32.3 24.3
puddled Treated 2.9 35,8  17.4 26,1 26,9  21.8
(0 cm) Untreated 2.7 31,6 14.2 23,7 24.6 19.4
Mean 2.8 33,7 15.8 24.9 25.8 20,6
Puddled Treated 3.3 39.3 17.9  27.9 33.7 24,4
(5 em/12 h) i eated 2.9  38.7 15.9 25.3  29.5  22.5
Mean 3.1 39.0 16,9 26.6 31.6 23.5
Puddled Treated 3.0  40.7 15.0 29,0 28,5  23.2
(5 cm/24 h) 44 reated 2.8  36.9 14.2 26,6  25.9 21,3
‘Mean 2.9 38.8 14.6 27.8 27.2 22.3
Seed Treated ~ 3,1 39.6 17.3 28.3 30,9 23.8
fg?atment Untreated 2.8 36,0 15.3 25.4 27.5 21.4
Mean Crops 3.0 37.8 16.3  26.9 29.2
c W S CxW  CxS WXS CINXS
S.Em + 0. 39 0.36 0.16 0.82 0.37 0.33 0.74

C.D. at 5%  1.27 1.03 0,46 2,36 N.S.  N.S.  N.S.
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treated seeds showed significantly higher root dry weight /

plant than those from untreated seeds.

4.2‘Net House Experiment No.2

The experiment was repeated with slight modification
to confirm the variations in stand establishment and initial
growth of winter crops under different water regime. and

e "
tillage treatments, with treated and untreated seeds.

4,2,1 stand establishment
It was observed (Table 4,.14) that equal number of plants
were established (9 out of 10 seeds sown in each) in linseed and
Iathyrus varieties, Peas recorded the lowest stand establishment
{6 out of 10 seeds) which was significantly lower than all other
crops. Again, lentil showed (8 out of 10 seed) significantly
‘lower stand establishment”than linseed and lathyrus Qarieties.
Seeds sown in conventionaily tilled soil recorded the highest
'stand establishment (9.2 out of 10 seeds ) than all other regime
j& tillage tfeatments; this was significantly higher than others.
Seeds sown on puddléd‘soil with no standing water showed the
- lowest number of plants established than those recorded under
‘all other water regime & tillage treatments; but this was at
par with the stand establishment recorded on puddled soil with
12 and 36 h of standing water, No significant difference waé,
however, observed between 12 and 24 h of sukmergénces. Inter-
action between the crops and water regimes & tillage was sig-

nificant indicating the improved stand establishment when

linseed was sown on puddled soil with 24 h of submergence,
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Table 4,14 Effect of seed treatment and water regime & tillage
at the time of sowing of different crops on stand
establishment, 8 days after sowing (Net House Experi-
ment No, 2, 1984-85)

soil/water Seed Winter crops (C)

regime treatment Lin- Peas Lentil lathy- Lathy- Mean
(W) (s) seed rus rus
(Nirmal)(local)
Unpuddled Treated 7.0 8.4 8.0 10,0 10.0 8.7
(tilled)
Untreated 9,6 10.0 10,0 9,0 10,0 9.7
Mean 8.3 9,2 9,0 9.5 10,0 9,2
Puddled Treated 8,4 4.4 9.0 9.0 9,0 8.0
(0 cm) Untreated 8.4 4.0 8.6 9.0 60 7.2
Mean 8.4 4,2 8.8 9,0 7.5 7.6
puddled Treated 8.0 5.6 9.6 9.0 8.6 8.2
(5 em/12 h) 1y reated 8.4‘3 5.6 8.4 8.6 9.0 8.0
Mean 8,2° 5.6 9,0 8.8 8.8 8.1
Puddled Treated 10,0 5. 8.6 9,0 9,6 8.4
(5 om/24 h)  yireated 9.6 5.6 9.0 8.0 10.0 8.4
Mean 9,8 5. 8.8 8.5 9.8 8.4
Puddled Treated 9.6 5.0 7.0 9.4 9.0 8.0
(5 em/36 h) G ireated 8.6 6.0 5.4 9.0 9.0 7.6
Mean 9,1 5.5 6.2 9.2 9,0 7.8

Seed Treated 8,6 ° 5.6 . 9,2 9,2 8.2

?giatme“t Untreated 9.4 6.2 8.1 8.8 .8 .

Mean Crops 9,0 5,9 8.2 9.0 9.0

c W S CxXW CxS WxsS CXWXS

S.Em + 0. 14 0.22 0,12 0.48 0.28 0.28  0.64

C.D. at 5% 0.46 0.62  N.S. 1.36 N.s. N.S. N.S.

i

I
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,guddled soil with 36 h of sulmergence adversely affected the
stand establishment of lentil. 'Peas sown on puddled soil with

different periods of submergences had showed adverse affect on

P

stand establishment. stand establishment improved in lathyrus ./

(local) while after sow;pg of seeds submergences were main-

tained for 12 and 24 h, lathyrus (Nirmal) showed no signifi-
cant differences in stand establishment when raised on different
water regime % tillage treatments, Seed treatments had no

significant'éffect on stand establishment.

1%

4,2,2 shoot length at 18 days after sowing

Lathyrus (local) showed (Taﬁie 4,15) the longest shoot
length (llté(Cm) and this was significantly higher than all
other cropé: The next longest mean shoot length (10.9 cm)
recorded in lathyrus (Nirmal) was followed by peas (8.3 cm);
the difference between these two was also significant. The
lowest shoot length (4.2 cm) was recorded in linseed which
was significantly lower than lentil (5.3 cm)., The shoot
length of peas was significantly higher than lentil. Crops
raised on puddled soil with 12 h of standing water showed the
longest shoot length (9.0 cm) closely followed by the shoot
length of plants established on conventionally tilled soil;
these two shoot lengths were significantly superior to those
raised under other water regimes & tillage. Plants established
on puddled soil without stagnation of water recorded the lowest
shoot length (7.0 cm) and this was at par with the shoot

length (7.2 cm) of plants established on puddled soil with
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Table 4,15 Effect of seed treatment and water regime & tillage
‘ at the time of sowing of different crops on shoot
length (cm), 18 days after sowing (Net House Experi-
ment No.2, 1984-85)
Soil/wWater Seed Winter crops (C)
regime treatment Lin- Peas Lentil Iathy- ILathy- Mean
(W) (s) seed rus rus
(Nirmal)(local)
Unpuddled Treated 4,9 10.4 o 12.3 13,0 9,4
(tilled) Untreated 5.1 9.4 5.4 10.3  11.6 8.4
Mean 5.0 9.9 . 11.3 12.3 8.9
Puddled Treated 3.9 7.9 5.1 10. 4 10. 2 7.5
(0 cm) Untreated 2.9 6.4 4. 11.0 8.2 6.5
Mean 3.4 7.2 4, 10.7 9,2 740
puddled Treated 5,0 10.6 6.8 11.9 12.0 9.3
(5 em/12 h)  ireated 4.6 8.6 5.8 12,7  11.8 8.7
Mean 4,8 9.6 6.3 12.3 11.9 9.0
Puddled Treated 5.0 8,7 5.1 11.0 14,5 8.9
(5 em/24 h)  yrireated 4.4 7.5 4.7  10.1  11.7 1.7
Mean 407 8.]. 4.9 10.6 13. 1 8.3
Puddled Treated 3.4 7.6 5.4 11.0 10.3 7.5
(5 em/36 h)  iireated 2.9 6.0 4.2 8.5 12,3 6.8
Mean 3.2 6,6 4.8 9.8 11.3 7.2
Seed Treated 4,4 8.9 5.8 11.3 12,0 8.5
Eg?atme”t Untreated 4,0 7.6 4.8 10.5 11.2 7.6
Mean Crops 4,2 8.3 5.3 10.9 11.6
C W S CxwW Cxs WXxS CxXWXS
S.BEm + 0.17 0, 07 0. 10 0.17 0. 23 0, 23 0.52
¢.D., at 5% 0. 55 0. 20 0.30 0. 48 NeSe NeSe N.S.
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36 h of standing water, The shoot length (8.3 cm) of plants
raised from seeds sown on puddled soil with 24 h of standing
water was significantly higher than those raised on puddled
soil without submergence and with submergence for 36 h. The
interaction between crops and watexr regimes & tillage was
significant. All crops raised on conventionally tilled soil
showed significantly higher shoot length than those raised on
puddled soil without any standing water, Stégnation of water
upto 12 h increased thé shoot length in linseed, lentil, peas
and in lathyrus (Nirmal); further increase in the duration of
stagnation caused adverse affect on shoot length, Stagnation
of water upto 24 h increased the shoot length in Lathyrus
(loal); but beyond this stagnation, shoot length was adversely
affected, Plants raised from treated seeds showed significantly
higher shoot length than those raised from untreated seeds,

The interaction between crops and seed treatments was not

significant.

4,2,3 Root length at 18 days after sowing

‘Highest root length (8.8 cm) was observed (Table 4.16)
equally inﬂﬁeas and Lathzrus (local) followed by lathyrus
(Nirmal); root lengths of peas and Lathyrus (local) were signi-
ficantly higher than lentil, linseed and lathyrus (Nirmal).
iThe lowest root length (6.4 cm) was recorded in lentil and
this was significantly lower than linseed. Plants establi-
 shed on puddled soil with 24 h of standing water showed the

highest root length (8.8 cm) closely followed by root length
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| v

iable 4,16 Effect of seed treatment and water regime & tillage

% at the time of sowing of different crops on root
length (cm), 18 days after sowing (Net House Experi-

ment No.2, 1984-85)

Soil/water

Seed winter crops (C)
| regime treatment Lin- Peas ILentil lLathy- ILathy- Mean
(W) (s) seed rus rus
(Nirmal)(local)
Uppuddled Treated 8.6 9.3 8.0 9.2 10,2 9.1
(tilled) Untreated 7.0 8.7 7.0 8.2 9.6 8.1
Mean 7.8 9,0 Te5 8.7 9.9 8.6
Puddled Treated 6.3 7.2 . 7.5 7.1 .
(0 cm) Untreated 5.3 6.2 5.2 5.9 5.5 5.
Mean 5.8 6.7 4,9 6.7 6.3 6.1
éuddled Treated 7.6 10.5 5.9 10.2 9,5 8.7
(5 em/12 h) | treated 7.4 8.5 6.1 8.6 8.3 7.8
Mean 7.5 9.5 6.0 9,4 . 8.3
Puddled Treated 8.3  11.3 7.7 9.4 11.1 9,6
(5 em/24 h) i eated 5.9 9.1 6.5 9.0 9.6 8.0
Mean 7.1 10.2 7.1 9.2 1004 . 8.8
Puddled Treated 7.9 9.4 6,4 9.0 10,2 8.6
(5 am/36 h) 4y ireated 6.0 7.7 6.6 8.0 7.0 7.2
i Mean 7,0 8.6 6.5 8.5 8.6 7.9
seed Treated . 9.5 6.5 9.1 9.6 8.5
fgﬁatment Untreated 6.3 8. 6.3 7.9 8.0 .3
Qean Crops 7.0 8.8 6,4 8.5 8.8
c W S W cxs WXS CXAXS
S.Em + 0. 09 0,08 0,12 0.19 0.26 0. 26 0. 58
c.D, at 5% 0.29 0.23 0.35 0.54 N.S. N.S. N.S.
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| recorded in plants raised on conventionally tilled soil; these

E were significantly higher than the root lengths observed in

| other water regime & tillage treatments. Plants established
~on puddled solil with no standing water recorded the lowest

| foot length and this was significantly lower than the root
length recorded on puddled soil with 36 h of standing water., . -
A®mrwthw&rmw@dmphms%meMdmpwﬂw

- 801l with 36 h submergence showed significantly lower root
lengths than those recorded in plants raised on puddled soil
with 12 h of standing water. Interaction between crops and

- water regime & tillage was significant indicating the adverse

5 affgct on root length when plants were raised on puddled soil
:wiéhout standing water in all crops. With the increase in the

| duration of stagnation of water from 12 to 24 h, root lengths 3:: ;
:increased in peas, lentil and lathyrus (local) but in linseed
and lathyrus (Nirmal) stagnation of water upto 12 h showed

" increase in root‘length. Plants raiéed from treated seeds had
- higher root length thén those from untreated seeds, The inter-

action between crops and seed treatments was not significant.

4,2.4 shoot dry weight / plant at 18 days after sowing

Peas recorded the highest shoot dry weight (43.4 mg )
- closely followed by Lathzrus (local); this was significantly
higher than rest of éll‘ééher crops (Table 4,17). No signi-
 ficant difference,was observed between the shoot dry weight of
£Lathzrus varieties, Linseed showed the lowest shoot dry weight&

which was significantly lower than lentil. Again lentil showed
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Effect of seed treatment and water regime & tillage

Table 4,17
at the time of sowing of different crops on shoot
dry weight / plant (mg), 18 days after sowing (Net
House Experiment No,2, 1984-85)
soil/Water Seed Winter crops (C)
regime treatment Lin- Peas Lentlil lathy- lathy- Mean
(W) (s) seed rus rus
(Nirmal)(local)
Unpuddled Treated 6,0 45,0 20,0 46,8 44,1 32.4
(tilled) Untreated 4.9  43.0 18.6 41.8 43,0  30.3
Mean S5¢5 44,0 19,3 44,3 43,6 31.4
Puddled Treated 5.1 45,1 15.0 42,9 42,7 30.2
‘O cm) Untreated 4,7 40,5 13,8 40,6 40,0 27.9
Mean 4,9 42,8 14.4 41,7 41.4 29,1
Puddled Trea ted 5.6 46,5 17.2 44,2 44,9 31.7
(5 em/12 h)  yoireated 5.0  45.5 15.2 42,7  42.7 30. 2
Mean 5.3 < 46,0 16,2 43,4 43.8 30.9
Puddled Treated 4,7 47,5 15,0 44.5 55,0 33.3
(5 om/24 h)  ireated 3.5  45.1 13.0 37.5  45.5  28.9
Mean 4,1 46,3 14,0 41,0 50.5 31,1
Puddled Treated 4,7 39,5 13,0 42,77 37.4 27.5
(5 em/36 h) G ireated 3.8  36.4 11.5 38.5  35.6  25.2
Mean 4,3 37.9 12,3 40.6 36,5 26,4
seed Treated 5.2 44,7 16,0 44,2 44,8 31,0
?giatment Untreated 4.4  42.1 14.4 40.2  41.4 28.5
‘Mean Crops 4,8 43,4 15,2 42,2 43,1
C W S CxW Cxs Wxs CxWxs
S.Em + 0.31 0.28 0,24 0.62 0.54 0.5 1,21
C.D. at 5% 1.01 0079 0.70 1.75 N.So NOS. NoSo
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significantly lower shoot dry weight than lathyrus (Nirmal).
-Plants raised on puddled soil with 36 h of standing water
showed significantly lower shoot dry weight than all other
water regimes & tillage, The highest shoot dry weight was
recorded in plants raised on conventionally tilled soil closely
followed by those recorded in plants raised on puddled soil
with 12 and 24 h of standing water; these shoot dry weights
were significantly higher than those recorded in plants raised
on puddled soil with no standing water, Interaction between
crops and water regimes & tillage was significant., Stagnation
of water for 12 and 24 h showed progress inAshoot dry weight
~accumulation in peas and lathyrus (local)., Llentil and lathyrus
(Nirmal) showed greater shoot dry weight in plants raised on
puddled soil with 12 h of standing water, The adverse effect
- in shoot dry weight accumulation was observed in plants raised
on puddled soil with 36 h of standing water in all the crops
except linseed; water regime .g, tillage., treatments did not
cause any significaﬁt variation in shoot dry weight in case of
linseed, significantly higher shoot dry weight was oObserved
in plants raised from treated seeds than those from untreated
seeds, The interaction between crops and seed treatments was

not significant,.

4,2.,5 Root dry weight / plant at 18 days after sowing
The highest root dry weight (17.9 mg) was recorded
(Table 4.18) in lathyrus (local) closely followed by peas

(17.7 mg); these were significantly higher than rest of all



Table 4,18
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Effect of seed treatment and water regime & tillage

at the time of sowing of different crops on root dry
weight/plant (mg), 18 days after sowing (Net House

Experiment No,2, 1984-85)

Soil/Water Seed . Winter crops (C)
- regime treatment Lin- Peas Lentlil Iathy- Iathy- Mean
(W) (s) seed rus rus
(Nirmal)(local)

Unpuddled Trea ted 1,6 19.7 o 18,5 18.0 13,1
(tilled)

ntreated 1.4 17.6 5.2 16,5 17.7 11.7

Mean 1.5 18.7 5.9 17.5 18,4 12.4
puddled Treated 1.4 18.0 6.6 17,5 18.7 12.4
(0 cm) Untreated 1.2  16.4 5,3 16,0  14.8  10.7

Mean 1.3 17.2 5.9 16,8 16,8 11.6
Puddled Treated 1.5 18.3 7.7 17.0 19.5 12.8
(S em/12 h) 4 eated 1.4 16,7 6.0  15.2  17.5  11.4

Mean 1.5 17.5 6.9 16.1 18.5 12,1
puddled Treated 1.5 20,0 6.5 18.5 20. 5 13.4
(5 em/24 h) 1 reated 1.3  18.0 5.5  15.5  17.2  11.5

Mean 1.4 19,0 6. 17.0 18.9 12.5
puddled Treated 1.5 17.5 5.5 17.1 17.7 11.9
(5 em/36 h) i eated 1.3 14.5 5.5  15.2  16.7  10.6

Mean 1.4 16,0 5.5 16.1 17.2 11.3
Seed Treated 1.5 18,7 . 17,7 19.1 12.7
fg?atment Untreated 1.3 16.6 5.5 15.7 16.8 11.2
Mean Crops 1.4 17.7 6.1 16,7 17.9

C W S Cxw Cxs WXs CN XS
S.Em + 0. 10 0.14 0,19 0.30 0.43 0.43 0.95
c.D. at 5%  0.33 0.39 0.55 0.85 N.S. N.S. N.S.
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other crops. lAathyrus (Nirmal) showed significantly higher

~root dry weight than lentil and linseed. The lowest root dry

-weight (1.4 mg) was recorded in linseed which was significantly

i lower than lentil. Establishment of plants on puddled soil

'with 24 h of standing water showed the highest root dry weight

' (12.5 mg) closely followed by the plants established on conven-

tiopally tilled soil; this was significantly higher than rest
of all other water regime & tillage treatments, Again root
length recorded in plants established on puddled soil with 12 h
of standing water was significantly higher than the plants

established on puddled soil with no standing water and sub-

. mergence for 36 h, " The lowest root dry weight was recorded in

plants raised on puddled soil with 36 h of standing water showed

no significant difference with the root dry weight recorded in

. plants established on puddléd soil with no standing water.

Interaction between the crops and water regimes & tillage was

significant. In peas and lathyrus (Nirmal) adverse affect on

- root dry madtter accumulation was observed when plants were

' raised on puddled soil with 36 h of standing water. The

highest root dry weight of peas was recorded in plants esta-

blished on puddled soil with 24 h of standing water., Stagna-

" tion of water on puddled soil for 12 h increased the root dry

weight in lentil while adverse affect on root dry matter accu-
mulation was observed where the plants were established on
puddled soil with 36 h of standing water. Iathyrus (Nirmal)
raised on conventionally tilled soil showed the highest root

dry weight though it was not significantly different than those



:
i
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recorded in plants raised on puddled soil without and with

24 h of standing water, Adverse affect in root dry matter
accumulation in Iathyrus (local) was observed when the plants
were raised on puddled soil without standing water; with the
increase in stagnation of water for 12 and 24 h, root dry
matter accumulation increased progressively on puddled soil;
with 36 h of standing water dry matter production again declined.
Water regime & tillage treatments could not create any signi-
ficant variation in root dry weight in case of linseed, Plants
from treated seeds showed significantly higher root dry weight
than those from untreated seeds, The interaction between crops

and seed treatments was not significant.

4,2.6 shoot length at 25 days after sowing

Highest shoot length (14,1 cm) was recorded (Table 4.19)
in lathyrus varileties; these were significantly higher than all
other crops. The lowest shoot length (7 cm) was recorded in
linseed which was significantly lower than that of lentil.

Peas showed the higher shoot length than lentil; the difference

between these two was significant. The highest shoot length
(12.0 cm,) was observed in plants raised on conventionally
tilled soil, Plants established on puddled socil with 12 h of
standing water showed higher shoot length than those recorded
in plaﬁts established on puddled soil Qith 24 h of standing
water, Plants established on puddled soil without or with

36 h of standing water showed the lowest shoot length (9.9 am

in each case) and these were significantly lower than those
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Table 4,19 Effect of seed treatment and water regime & tillage
at the time of sowing of different crops on shoot
length (cm), 25 days after sowing (Net House Experi-
ment No.2, 1984-85)

soil/water Seed Winter crops (C)

regime treatment Lin- Peas Lentil Iathy- Lathy- Mean
(w) (s) seed rus rus
(Nirmal)(local)
Unpuddled Treated 9.2 13.3 8.1 15.2 15,0 12,2
(tilled)
Untreated 9,7 12,7 . 14,0 14.7 11.8
Mean 9.5 13.0 o 14.6 14.9 12.0
Puddled Treated 7. 10. 3 « O 13.5 14,2 10,3
Mean 7ol 10. 3 o 12.8 13,4 9.9
Puddled Treated Te3 14,7 8.9 15.8 14,2 12,2
(5 em/12 B) 4 treated 6. 11.1 7.0 150 13,9  10.8
Mean 7.1 12.9 7.9 15.4 14,1 11.5
Puddled Treated 6.7 11.8 8.7 14,2 15,5 11.4
(5 em/24 1) yireated 5.7  11.2 6.3 12,4  13.4 9.8
Mean 6.2 11.5 7¢5 13,3 14,5 10,6
Puddled Treated 6.0 11.0 8.5 13.1 13,0 10.3
(5 em/36 ) ynireated 4. 9.7 6.4 12,4  14.2 9.4
Mean 3 10;4 7.5 12.8 13.6 9.9

seed Treated 7.4 12.2 8.0 14.4 14,4 11.3

fg‘)’atme“t Untreated 6,6  11.0 6.7  13.8 13,8  10.3

Mean Crops 7.0 11.6 7.4 14.1 14,1

C W S CxXW Cxs wWxs CXWXS

C.D. a8t 5% 0. 20 0,31 C.41 N.Se N.S. N.Se.

0.71
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plants established on puddled soil with 24 h of standing water.
Interaction between the crops and water regimes & tillage was
significant indicating the adverse affect on shoot length of
linseed when established on puddled soil without or with
different durations of standing water, Adverse affect on shoot
length was observed in peas, lentil and lathyrus varieties when
the plants were established on puddled soil without standing
water, Significant increase in shoot length was observed in
peas, lentil and lathyrus (Nirmal) when the plants were raised
on puddled soil with 12 h of standing water; further stagnation
of water for 24 h and 36 h caused gradual decreaée in shoot
length. With the increase in stagnation of water on puddled
s0il from 12 to 24 h, there was gradual increase in shoot
length in Lathyrus (lccal) but when the seeds remained submerged
for 36 h the rate of increase slowed down., Plants from treated
seeds produced higher shoot length than those from untreated
seeds. The interaction between crops and seed treatments was

not significant,-

4,2,7 Root length at 25 days after sowing

Root lengths recorded (Table 4,20) in lathyrus (local),
lathyrus (Nirmal) and peas were 1l.1 cm, 10.8 cm and 10.7 cm
respectively, wherein no significant differences were observed
between the varieties. The lowest root length (8.8 cm) was
iobserved in linseed; it showed significant difference with the
" root length (9.3 cm) recorded in lentil., But both the root

lengths of linseed and lentil were significantly lower than



Table 4,20
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Effect of seed treatment and water regime & tillage

at the time of sowing of different crops on root

lercth (cm), 25 days after sowing (Net House Experi-

ment No.2, 1984-85)

Soil/Water Seed winter crops (C)
regime treatment Lin- Peas Lentil 1lathy- Lathy- Mean
(W) (s) seed rus rus
(Nirmal)(local)
Unpuddled Treated 10. 4 10.7 12.2 10,9 13.1 11.5
(tilled)
Untreated 8.0 10. 3 9.5 9.5 11.6 9,8
Mean 9,2 10{5 10,9 10. 2 12.4 10.7
Puddled Trea ted 10.0 11.1 9.8 11.5 11.2 10.7
(0 cm) Untreated 7.4 9.3 8,0 8.9 9.4 8.6
Mean 8,7 10, 2 8.9 10. 2 10. 3 9.7
Puddled Treated 9.8 12.3 10,2 12.9 12,0 11.4
(5 em/12 h)  ireated 8.2 10.2 8.6 10.4  10.4 9.6
Mean 95,0 11.3 9.4 11.7 11,2 10.5
Puddled Treated 9,2 12.1 9.0 12.3 12,3 11.0
(5 em/24 h) i eated 8.0 10.2 8.4 10.8  10.1. 9.5
Mean 8.6 11,2 8.7 11.6  11.2  10.3
Puddled Trea ted 9,0 11.0 9.8 11.0 11.2 10. 4
(5 om/36 h)  yoireated 7.8 10.2 7.2 10.1 9.5 9.0
Mean 8.4 10.6 8.5 10.6 10.4 9.7
sSeed Treated 9,7 11.4 10. 2 11.7 12,0 11.0
§g§atme“t Untreated 7.9 10.0 8.3 9.9 10.2 9.3
Mean Crops 8.8 10.7 9.3 10.8 11.1
C w S CXW CXs Wxs CXWXS
SLEm + 0. 14 0.11 0,09 0,24 0,21 0.21 0. 47
C’ D. at 5% O. 46 o. 31 O. 26 N.S L J N. S. N’So

0,68
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those recorded in rest of all crops. Plants raised on conven-—
tionally tilled soil showed the highest root leggth (10.7 cm)
closely followed by the root length of plants established on
puddled soil with 12 h of standing water, Root lengths recorded
in plants established on puddled soil with 12 and 24 h of stand-
ing water showed no significant differences between themselves.
Plants raised on puddled soil without and with 36 h of standing
water showed equal root length (9.7 cm) which were significantly
lower than root length recorded in plants raised on other water

- regime & tillage treatmentsff Interaction between the crops and
~water regime & tillage treatments was significant indicating the
adverse affect on root growth in linseed, lentil and lathyrus
(local) when plants were raised on puddled soil with 36 h of
standing water, Submergence for 12 h on puddled soil showed
increase in root lengths in all crops. Purther increase in stag-
nation of water for 24 h showed decrease in root length in all

' crops except lathyrus (local). In lentil and lathyrus (local)
when plants were raised on puddled soil with no standing water ;
showed significant reduction in root length as compared with
conventionally tilled crops. Crops raised from treated seéds
showed significantly higher root length than those from untreated
seeds. Interaction between crops and seed treatments was not

significant.

' 4,2.,8 shoot dry weight / plant at 25 days after sowing
The highest shoot dry weight (71.4 mg) was observed
(Table 4.21) in peas; this was significantly higher than thase

‘recorded in other crops. Iathyrus (localJ showed shoot dry
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Table 4,21 Effect of seed treatment and water 'regime & tillage
at the time of sowing of different crops on shoot
dry weight / plant (mg), 25 days after sowing (Net
House Experiment No.2, 1984-85)
soil/water Seed Winter crops (C)
regime treatment Lin- Peas Lentil ILathy- Iathy- Mean
(W) (3) seed rus rus
(Nirmal)(local)
Un;?uddled Trea ted 15,2 84,7 25.2 67.7 70.0 52.6
(tilled) Untreated 12.5 75.5 22.2 62.8  67.5 48,1
Mean 13.9 80. 1 23,7 65,3 68.8 50.4
Puddled Trea ted 12,2 73.1 25,7 67.0 65.7 48,7
(0 cm) Untreated 10.0 67.5 20.1 61.7 60.0 43.9
Mean 11,1 70.3 22.9 64,4 62.9 46,3
Puddled Treated 11.5 78.5 24,7 70.7 67.7 50,6
(5 em’12 h) ;i eated 10.7 72.2 20.1 64.0 62,0  45.8
. Mean 11.1 75.3 22.4 67.4 64,9 48, 2
Puddled Trea ted 10.6 69,5 23.2 62,0 68.8 46,8
(5 em/24 h) 4 eated 8.2 63.7 19.2 56.5  62.5 42,0
Mean 9,4 66.6 21.2 59.3 65.7 43,4
Puddled Trea ted 9,2 68,5 22.4 65,2 66,5 46.4
(5 ecm/36 b) ;i eated 8.0 60.2 19.5 60.0 62,5 42,0
Mean " 8.6 64.4 20.9 62.6 64.5 44,2
sced Trea ted 11,7 74.9 24,2 66,5 67.7 49,0
f§§atme“t Untreated 9.9 67.8 20.2 61,0 62,9 44,4
Bean Crops 10.8 71.4 22,2 63.8 65.3
C W S CxXN CcxS WXS CXWXS
S.Em + 0. 39 0.29 0.33 0,65 0,73  0.73  1.64
c.D. at 5% 1,27 0.82 0. 96 1.84 2.12 N.S. N.S.
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~weight / plant (65.3 mg) significantly higher than Lathyrus

(Nirmal) (63.8 mg-/ plantf. The lowest shoot dry weight /
plant was recorded in linseed which was significantly lower
than that of lentil., Again lentil showed significantly lower
shoot dry weight than lathyrus (Nirmal). Crops raised on
conventionally tilled soil showed the highest shoot dry weight /
plant (50.4 mg) and this was significantly higher than those
recorded in other water regime & tillage treatments. Puddled
soll with 12 h of standing water showed the shoot dry weight /
plant (48,2 mg) which was significantly higher than those
observed in plants raised on other puddled soil withéut or

with standing water, Puddled soil with 24 and 36 h of standing
water showed almost equal shoot dry weights which were signi-
ficantly lower than all other water regime & tillage treatments,
Interaction between crops and water regime & tillage treatments
was significant., In all crops, excepnt the Nirmal variety of
Iathyrus conventionally tilled soil condition favourea shoot )
dry weight accumulation over puddled soil without or with
standing water, Amongst the crops, linseed and lentil

showed progressive decline in shoot dry weight / plant with the
increase in stagnation of water. But in peas and Lathyrus
varieties with the increase in stagnation of water upto 12 h on

puddled soil the increase in shoot dry weight / plant was found

to be superior to other water regime & tillage treatments

in puddled conditions, In Nirmal variety of lathyrus water

" stagnation upto 12 h on puddled soll was even better than

conventionally tilled soil. 1In local variety of lathvrus

shoot dry weight / plant did not significantly decline due

to water stagnation even upto 36 h on puddled soil.
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Crops raised from treated seeds showed significantly higher
shoot dry weight than those from untreated seeds. Interaction
between crops and seed treatment was also significant showing
significant increase of shoot dry weight in all Crops except

linseed,

- 4.2,9 Root dry weight / plant at 25 days after sowing

As in shoot dry weight, the highest root dry weight /
plant (27.9 mg) was recorded (Table 4,22) in peas and this was
significantly higher than those recorded in other crops. In
Lathyrus (local) root dry weight / plant observed (24.6 mg)
was followed by lathyrus (Nirmali; the difference of these two
was significant. Here also as in shoot dry weight, the lowest
:;;ot dry weiéht / plant (2.2 mg) was observed in linseed which
was significantly lower than lentil (11.7 mg). The root dry
weight of lentil was significantly lower than rest of all other
crops. Crops raised on conventionally tilled soil showed the
highest root dry weight / plant and this was significantly
‘higher than those raised on puddled soil without or with stand-
'ing water, Root dry weight recorded in plants raised on puddled
s0il with 24 h of standing water was significantly higher than
those recorded in crops raised on puddled soil without or with
standing water, Puddled soil having no standing water showed
‘the lowest root dry weight / plant (16.8 mg) and this has no
ésignificant difference with the root dry weight recorded in
%plant established on puddled soil with 36 h of standing water;

Interaction between crops and water regime & tillage treatments

was significant, In puddled soil root dry weight increased with
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|

Téble 4,22 Effect of seed treatment and water regime & tillage
| at the time of sowing of different crops on root dry
weight / plant (mg), 25 days after sowing (Net House
Experiment No,2, 1984-85)
Soil/Water Seed Winter crops (C)
regime treatment Lin- Peas Lentil 1lathy- lathy- Mean
(W) (s) seed rus rus
(Nirmal)(local)
puddled Treated 2.8 33,0 13.3 25,3 30.5 21.0
(Tilled) Untreated 2.5  28.0 12.5 23.5  25.3  18.4
Mean 2.7 30.5 12,9 24,4 27.9 19.7
Puddled Treated 2.5 27,0 12,3 26,0  25.2 18,6
(Okcm) Untreated 1.9 22,0 10.1 20.0  21.0  15.0
| Mean 2.2 24,5 11.2 23.0 23.1 16.8
&
pu@dled Treated 2.8  30.5 13.5 25.5 24,8  19.4
(5 em/12 h) i reated 1.8 24.3  11.7 21.5  20.2  15.9
Mean 2.3 27.4 12.6 23,5 22.5 17.7
puddled Treated 1.8 34,0 12.8 24,8 27.0 20.1
(5 em/24 h) ;. eated 1.6  28.5 10.0 21.8  22.6  16.9
Mean 1.7 21.3 11.4 23,3 24.8 18.5
Puddled Treated 1.9 29.5 11.8 25,3 26,8 19.1
(5/em/36 1) ynereated 1.5 22,3 9.0 21,0 22,0  15.2
| Mean 1.7 25.9 10,4 23.2 24.4 17.2
Seed Treated . 30,8 12.7 25.4  26.9  19.6
%ggatm°"t Untreated 1.9 25,0 10.7 21.6 22.2 16.3
Me%n Crops 2.2 27.9 11.7 23.5  24.6
l
1 c W S CxW  CxS Wxs CXWXS
s.ém + 0,19 0.21 0,15 0.47 0.33 0. 33 0.73
C.D. at 5% 0.62 0.59 0.44 1.33 0,96 N.S. N.S.
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12 h of standing water in linseed, lentil and lathyrus (Nirmal)
but in peas and Lathyrus (local) root dry weight accumulation
was in progress upto 24 h of standing water on puddled soil.
‘There was a significant decline in root dry weight in peas and
lentil when thé plants were raised on puddled soil with 36 h of
standing water. More root dry weight was recorded in plants

raised from treated seeds than those from untreated seeds.

4.2.10 shoot length at 32 days after sowing

Lathyrus (local) showed (Table 4,23) the highest shoot
length (17.6 cm) closely followed by lathyrus (Nirmal).and peas
;(17.5 cm); these shoot lengths were significantly higﬂér than L
those recorded in linseed and lentil., The lowest shoot léngth
(9.6 cm) was recorded in lentil which was significantly lower
than those of linseed, Plants raised on conventionally tilled
soil showed longer shoot (16,3 cm) closely followed by those
recorded in plants raised on puddled soil with 12 h of standing
water; these two shoot lengths were significantly superior to
other water regime & tillage treatments in this regard, The
lowest shoot length was observed in plants established on
puddled soil with 36 h of standing water; however its differ-
ence with those recorded in puddled soil without standing
water was not significant., Interaction between crops and water
iregime & tillage treatments was significant., Conventionally
%tilled soil showed longer shoot in all crops than those found
Ein puddled soil with no standing water, Plants established on

puddled soil with 12 h of standing water after sowing of seeds

showed higher shoot length in all crops except linseed than
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Table 4,23 Effect of seed treatment and water regime & tillage
at the time of sowing of different crops on shoot
length (cm), 32 days after sowing (Net House Experi-
ment No,2, 1984-85)

soil/wWater Seed Winter crops (C)

regime treatment Lin- Peas Lentil Iathy- 1Ilathy- Mean
(W) (s) seed rus rus
(Nirmal)(local)
Unpuddled Treated 15.0 23.4 10.6 18.5 19.5 17.4
(tilled)
Untreated 14,2 17.8 9.2 16,0 18,7 15.1
Mean 14,6 20,6 9.9 17.3 19.1 16.3
Puddled Treated 14,9 18,3 9,1 17.4 16,5 15,2
(0 cm) Untreated 10.5 14.1 .5 15.2 16,0 12,9
Mean 12,7 16,2 o 16. 3 16.3 14,1
Puddled Treated 13.1 20,5 10.6 18.3 19,5 16,6
(5:em/12 h) 4 ireated 11.5 16.2 10.5 18.5  18.3 15,0
Mean 12.3 18,4 10,6 18,9 18.9 15.8
Puddled Treated 11.0 17,2 10. 2 12,0 18.0 15.1
(5 cm'24 h) 4 ireated 8.8 16.0 8.2 17.8 16,2  13.4
Mean 9,9 16,6 9.2 18.4 i7.1 14,3
Puddled Treated 10,8 16,6 10.0 16,8 17.1 14,3
(5 em/36 h)  yoireated 9.6 15.2 8.6 16,2  16.5  13.2
Mean 10.2 15.9 9.3 16.5 16.8 13.8

Segd Treated 12,9 15.2 6.1 18,2 8.1 15.7

%g?atme“t Untreated 10.9 15.8 9.0 16.7 17.1 13.9

Mean Crops 11.9 17.5 9.6 17.5  17.6

C W S Cxn Cxs WXsS CXWXS

S.Bm + 0. 20 0.28 0.18 0,62 0,40 0.40  0.90

C.D. at 5% 0.65 0.79 0.52 1.75 NeSe NeSe N.Se
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those recorded in plants established on puddled soil without
or with standing water for 24 or 36 h, Plants established

from treated seeds showed superior shoot length to untreated
seeds. Interaction between seed treatment and crops was not

significant.

4.2.11 Root length at 32 days after sowing

Iathyrus (Nirmal) showed (Table 4.24) the highest root -
length (13.9 am) which was significantly higher'théﬁ the rbot
length gecorded in all other crops. The root length (13,3 cm)
recorded in Iathyrus (local) was closely followed by peas
(13.1 cm) and these two were significantly higher than lentil
and linseed. Root length recorded in linseed was significantly
lower than those recorded in lentil. The highest root length
(14.0 cm) was observed in conventionally tilled soil; this was
significantly higher than the root lengths recorded in plants
raised on puddled soil without or with standing water, Plants
raised on puddled soil with 12 and 24 h of standing watef showed
no significant differences in root length between them. The
lowest root length was recorded in plants established on puddled
soll without and with 36 h of standing water. Interaction
between crops and water regimes & tillage was significant indi-
cating the adverse affect in root length of linseed when planté
were raised on puddled soil. In all crops long roots were
observed when the plants were established on conventionally
tilled soil. With the increase in stagnation of water from

12 h to 24 h, root length also increased in all crops except
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Table 4.24 Effect of seed treatment and water regime & tillage
at the time of sowing of different crops on root
length (cm), 32 days after sowing (Net House Experi-
ment No.2, 1984-85)

Soil/water Seed Winter crops (C)

regime treatment Lin- Peas Lentil 1athy- Iathy- Mean
(W) (s) seed rus rus
(Nirmmal)(local)
Unpuddled Treated 13.3 14.2 15.9 17.3 15.5 15,2
(tilled)
Unhtreated 11,1 12,2 11.7 15.7 13.3 12.8
Mean 12.2 13.2 13.8 16.5 14,4 ,14°O
Puddled Treated 11.5 13.5 12,0 13.7 13.3 12,8
(0 cm) Untreated 10.2 12.1 - 10.9 11.5  11.5  11.2
Mean 10.9 12.8 11.5 12.6 12,4 12.0
Puddled Treated 11,8 14,0 12,0 14.0 14,8 13.3
(§'cm/12 N)  Untreated 10.5- 12.4 11.2 12.5 12.6 11.8
Mean 11,2 13,2 11.6 13,3 13.7 12,6
Puddled Treated 11.1 14.0 12.6 14,6 14.7 13.4
(5 em/24 h) 4 eated 10.9 12.5 11.0 12.9  12.8  12.0
Mean i1.90 13,3 11.8 13.8 13.8 12,7
Puddled Treated 11.2 13.8 11.6 14.4 13.2 12.8
(5 cm/36 h)  hireated 10.8 12.3 9.6 12,0  11.0  11.1
Mean 11.0 13.1 10.6 13,2 12.1 12.0

Seed Treated 11.8 13.9 12.8 14,8 14.3 13,5

?g?atment Untreated 10.7 12.3 10.9 12.9 12,2 11.8

Mean Crops 11.3 13.1 11.9 13,9 13,3

C W ) Cxine CxS WXS CHA XS

S.Em + 0.12 0,14 0,18 0.32 0,41 0.41  0.92

C.D. at 5% 0, 39 0. 39 0.52 0,91 N.S. NeSe N.Se.
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linseed; the difference was, however, not significant, Plants
raised from treated seeds showed significantly longer root
than those recorded in plants from untreated seeds. Inter-

action between crops and seed treatments was not significant.

4.2.12 shoot dry weight / plant at 32 days after sowing

The highest shoot dry weight / plaﬁt (115.7 mg) was
recorded (Table 4,25) in peas; this was significantly superior
to all other crops. Shoot dry weight / plant recorded in
lathyrus-local (111.2 mg) was significantly higher than those
observed in lathyrus (Nirmal). The lowest shoot dry weight /
plant (24.6 mg) was recorded in linseed and this was however '
significantly lower than lentil, Again, lentil showed signi-
ficantly lower shoot dry weight than lathyrus (Nirmal). Plants
established on conventionally tilled soil showed the highest
shoot dry weight / plant (88.9 mg) which was significantly
higher than those recorded in all other water regime & tillage
treatments, Plants raised on puddled soil with 12 h of stand-
ing water showed significantly higher shoot dry weight than
all other treatments on puddled soil, Plants raised on
puddled soil without standing water showed the lowest shoot
dry weight and this however, did not differ significantly with
plants raised on puddled soil having 36 h of standing water,
Interaction between crops and water regime & tillage treatments
was significant indicating that conventional tillage favoured
in producing more shoot dry weight / plant over those produced
in puddled soil with varying period of standing water, All

crops except linseed when raised on puddled soll with 12 h of
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Table 4,25 Effect of seed treatment and water regime & tillage
at the time of sowing of different crops on shoot dry
weight / plant (mg), 32 days after sowing (Net House
Experiment No,2, 1984-85)

Soil/Water Seed Winter crops (C)

regime treatment Lin- Peas Lentil ILathy- lathy- Mean

(W) {S) seed rus rus
{Nirmal)(local)

Unpuddled Treated 28, 5 158,1 51.3 126.5 130.2 98.9
(tilled) Untreated 25.7 102.7 47.3 101.9 116.2 78.8
Mean 27.1 130.4 49,3 114,22 123.2 88.9

Puddled Treated 24,1 108,0 41.4 108,7 . 102.3 76,9
(0 cm) Untreated 22,5 96,2 38,5 100, 1 94,6 70.4
Mean 23,3 102,1 39,9 104.4 98,5 73.7

Puddled Treated 29,9 135.,9 43,6 117.3 118.5 89,0

(5 cm/12 h)

Untreated 20,0 j06,7 42.2 106,9 111.8 T7.2
Mean 25,0 121,3 42,9 112.1 115, 2 83.1
Puddled Treated 25.6 119.5 40,7 109,.1 117.1 82.4
(5 an/24 h)  yireated 21.6 114.0 39.5 104.5 107.3 77.4
Mean 23.6 117.0 40,1 106.8 112, 2 79.9
Puddled Treated 25.7 111.4 38.5 109.4 112.1 79.4
(5 em/36 h)  y ireated 22.1 103.5 33.2  98.2 102.3 71.9
Mean 23.9 107.5 35.9 103.8 107.2 75.7

Sead Treated 26,8 126,6 43,1 114.2 116,0 85.3

treatment Untreated 22.4 104.7 40.1 102.3 106.4 75.2

Mean Crops 24,6 115.7 41.6 108, 2 111.2

‘ C W S CxXWN Cxs Wxs CXWXS

S.Em + 0.32 0.44 0.46 0,98 1,04 1,04 2,33

c.D. at 5% 1.04 1. 24 1,34 2.77 3,02 3.02 6.77
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standing water produced significantly higher shoot dry weight /
plant than when plants were raised on puddled soil without
standing water, shoot dry weight progressively declined when
the plants were raised on puddled soil with more than 12 h of
standing water. Plants raised from treated seeds produced
significantly higher shoot dry weight than those raised from
untreated seeds, Interaction between CrOpS and seed treatments
was significant; except in lentil in all crops significantly )
higher shoot dry weight / plant were observéd in plants raised,{

from treated seeds,

4.2.13 Root dry weight / plant at 32 days after sowing

Root dry weight / plant (39.3 mg) in peas was (Table
4.26) significantly more than those recorded in all other Crops.
Lathyrus (local) showed significantly higher root dry weight ‘
than that of lathyrus (Nirmal). As like previous observations
madekhere aiso linseed showed the lowest root dry weight / |
plaht (2.8 mg) which was significantly lower than all other
crops. Plants established on conventionally tilled soil showed
significantly higher root dry weight / plant (26.4 mg) than
those raised on puddlad soil having different water regime &
tillage, Puddled soil without standing water recorded the
~lowest root dry weight / plant (22.8 mg) which was significantly
‘lower than all other water regime & tillage treatments. Signi-
ficantly higher root dry weight was observed in plants esta-
‘blished on puddled soil with 24 h of standing water than thqse
recorded in plants established on puddled soil with 12 h of

submergence. Increase in stagnation of water upto 36 h showed
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Table 4.26 Effect of seed treatment and water regime & tillage
at the time of sowing of different crops on root dry
weight / plant (mg), 32 days after sowing (Net House
Experiment No.2, 1984-85)

Soil/Water Seed _ Winter crops (C)

regime treatment Lin- Peas Lentil Lathy-~ lLathy- Mean
(W) (s) seed rus rus
(Nirmal )(local)

Unpuddled Treated . 46,5 19.5 34,9 37.8 28.4

(tilled)

‘ Untreated . 41,7 15,9 28.9 32.6 24,4
Mean o 44,1 17.7 31.9 35,2 26.4

puddled Treated . 36,8 17.0 32.8 34,0 24,6
(0 cm) Untreated 2. 3i.3 15,7 28.0 28,0 21,0
Mean . 34,1 16,3 30.4 31.0 22,8

Puddled Treated 3.0 40,0 18.5 33,0 34,3 25,8
(5 em/12 h)  yvreated 2.7  34.9  16.1 29.2 28,5 22,3
Mean 2,9 37.5 17.3 31.1 31.4 24,1

Puddled Treated 3.7 44,0 18,3 33.8 34,2 26,8
(5 om/24 h) 1 ireated 2.3 39,6 16,7 28.2  31.8  23.7
Mean 3.0 41,8 17.5 31.0 33,0 25,3

Puddled Treated 2.8 42,6 18.5 31.9 32.3 25,6
(5 /36 h) 4, ireated 2.2  35.2 14.5 27.2  27.5  21.3
Mean 2.5 38.9 16,5 29.6 29,9 23.5

Seed Treated 3,0 42,0 18.4 33.3 34.5 26,2
fggatment Untreated 2.5  36.5 15.8 28,3  29.7 22,6
C W S CxnN CxS WxS Cxmxs

C.Do at 5% 0‘82 0‘62 O.SS 1041 10 22 N.S. NOSO
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singnificantly lower root dry weight than that of 12 h stand-
ing water, Interaction between crops and water regime &
tillage treatments was significant. Peas and lathyrus (local)
showed significantly higher root dry weight in conventionally
tilled soil than those observed in other water regime & tillage
treatments., In other crops also high root dry weights were
observed in plants sown in conventionally tilled soil., Puddled
soil with no standing water showed lower root dry weight in all
crops than when raised on with 12 and 24 h of standing water in
all crops. Root dry weight increased in all crops except
Iathyrus (Nirmal) when stagnation of water iﬁcreased from 12 to
24 h, Plants raised from treated seeds showed significantly
higher root dry weight than the plants. raised from untreated
seeds., The interaction between seed treatments and crops was
significant. Linseed showed the benefit of seed treatment less
than other crops. In all crops except linseed, significantly
higher root dry weight / plant were observed due to seed treat-

ment,

4,3 Net House Experiment No.3

To analyse some treatment differences specially on stand
establishment and shoot growth (length) in the field condition
on puddled soil, this Net House Experiment was carried out in

1987,

4,3.1 stand establishment
lathyrus (local) showed (Table 4.27) higher stand esta-

blishment (out of 10 seeds 8,7 seeds could establish) closely
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Table 4,27 Effect of water regime & tillage and shade at the
time of sowing of different crops on stand establish-
ment, 8 days after sowing (Net House Experiment No.3,

1987)
Soil/Water Shade ' Winter crops (C)
regime treatment Lin- Peas Lentil lathy- ILathy- Mean
(W) (s) seed rus rus
(Nirmal) (local)
Unpuddled Shade 8.8 10.0 8.3 8.5 10.0 9.1
(tilled) u.ivout shade 7.8 9.5 9.0 8.3 9.0 8.7
Mean 8.3 9,8 8.7 8.4 9.5 8.9
Puddled shade 9.5 9.0 4.8 8.0 Te5 7.8
(O cm)  without shade 7.8 3.3 4.5 7.3 8.8 6.3
Mean 8.7 6.2 4,7 T7 8.2 7.1
Puddled Shade 5.8 8.3 6.3 9,0 9.3 7.7
(5 cn/24 h)
without shade 9,0 6.3 5.0 7.8 8.3 Te3
Mean 7.4 Te3 Se7 8.4 8.8 7.5
Puddled Shade 6.8 8.3 5«5 8.3 8.8 7.5
(5 ecm/72 h)
Wwithout shade 5.3 6.5 5.0 7.5 73 6.3
Mean 6.1 7.4 5.3 7.9 8.1 6.9
Shade shade Te7 8.9 6.2 8.5 8.9 8.0
g?atment‘without shade 7.5 6.4 5.9 7.7 8.4 7.2
Me&n CrOPS 7.6 7.7 6.1 8‘1 807
c W S cx¥  Cxs WXS CXWXS
S.Em + 0. 20 0.19 0.11 0.42 0. 25 0,23 0,51

C-D‘_ at 5% 0062 O. 55 0.31 1. 21 0.71 0065 N.S.
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followed by lathyrus (Nirmal); this was significantly higher
than those estéblished in rest of the crops. However, amongst
linseed, peas and Iathyrus (Nirmal) no significant difference
was observed, Lentil shoWwed the lowest stand establishment
which was significantly lower than those recorded in all other
crops, Satisfactory results in stand establishment was
observed when the seeds were sown in conventionally tilled soil;
8.9 plants were established out of 10 seeds sown. . This was
significantly higher than those established on puddled soil
with and without standing water. Stand establishment from

sown seeds on puddled soil without or with 24 h of staﬁding
water did not differ significantly. The lowest stand establish-
ment was recorded in puddled soll with 72 h standing water;
however, the difference in stand establishment between this
treatment and in the treatment where the seeds were sown on
puddled soil with no standing water was not significant.
Interaction between crops and water regimes & tillage treat-
ments was significant., 1In peas and lentil adverse effect in
stand establishment was recorded when seeds were sown on
puddled soil without or with standing water for long duration.
Linseeds showed lowest stand establishment when seeds were
sown on puddled soil with 72 h of standing water and this was
significantly lower than those recorded in other water regime &
tillage treatments. In lathyrus (Nirmal) stand establishment
was equally good in conventionally tilled and puddled soil
with or without standing water. Lathyrus (local) showed also
good stand establishment in all wiater regime & tillage treat-

ments., Plants established from seeds sown in shade were
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significantly higher in number than those established from
seeds sown without shade. Interaction between crops and

shade treatment was significant and all crops received the
benefit of shade but significant differences were observed

only in peas and lathyrus (Nirmal). v

4.3.2 shoot length at 8 days after sowing

In all crops, shade produced longer shoots under all
water regime & tillage treatments (Table 4.28).

The longest shoot (7.5 cm) was observed in lathyrus
(local) closely followed by Nirmal variety of Iathyrus (7.3 cm).
The heights of plants of both the varieties of lathyrus were
significantly more than those recorded in rest of all crops.
Again no significant difference in shoot length was observed
between lentil and peas, Linseed showed the lowest shoot
length which was significantly lower than all other crops.
Crops raised on puddled soil with no standing water showed
the longest shoot than those recorded in rest of all other
water regime & tillage treatments; in this treatment plants
were significantly longer than others. The lowest shoot
length was recorded in crops raised on puddled soil with 72 h
of standing water and this was significantly lower than all
other water regime & tillage treatments. Interaction between
crops and water regime & tillage treatments was significant
indicating the lowest shoot length in all crops except linseed
when ‘plants were established on puddled soil with 72 h of

submercgence., In linseed and peas, crops raised on puddled
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Table 4,28 Effect of water regime & tillage and shade at the time
of sowing of different crops on shoot length (cm),
8 days after sowing (Net House Experiment No.3, 1987)

soil/Water Shade ’ Winter crops (C)
regime. treatment Lin- Peas Lentil IAthy- Iathy- Mean
(W) (s) seed rus rus

(Nirmal)(local)

Unpuddled shade 5.7 7.7 6.3 10.1 11.9 8.3
(eilled) witnout shade 2.5 3.7 3.7 6.2 5.6 4.3
Mean 4. 1 5.7 500 8‘ 2 808 6. 3
Puddled shade 9,1 12.9 11.9 11,2 9.1 10.8
(0 em)  yithout shade 2.2 3,2 3.7 5,5 5.1 3.9
Mean 5.7 8.1 7.8 8;4 7.1. 7.4
puddled Shade 5.5 7.2 9,2 10,4 13.0 9.1
(5 cm/24 h)
Without shade 2,7 4,8 4.3 5.3 6.6 4,7
Mean 4,1 6,0 6.8 T8 9,8 6,9
puddled shade 7.1 5.5 4,7 743 6.6 6.2
(5 cm/72 h)
without shade 1.7 2,2 149 2.3 2.0 2.0
Mean 4.4 3.9 3.3 4,8 4.3 4,1
Shade shade 6,9 8.3 8,0 9.8 10. 2 8.6
fggatment without shade 2.3 3.5 3.4 4.8 4.8 3.8
Mean er)s 4.6 ' 509 5.7 7.3 7.5
c W s CxW CxS ' WxsS CXWXS
S.Em + 0.18 0.15 0,09 0.35 0.20 0.18 o.41

C.D. at 5% 0.55 0.43 0. 25 i.01 N.S. 0.51 N.S.
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soil with no standing water at the time of sowing seeds,
showed significantly longer shoots than those recorded in all
other water regime & tillage treatments. Lentil and lathyrus
(Nirmal) showed also longer shoot in puddled soil with no
standing water; the difference was significant when compared
with conventional tillage and puddled with 72 h of submergence,
only in lathyrus (local) the longest shoot length was recorded
in plants raised on puddled soil with 24 h of standing water
and this was significantly longer than the shoot lengths
recorded in other water regime & tillage treatments except
conventional tillage. Plants established from seeds sown
under shade showed significantly longer shoots than those

recorded in plants raised from seeds sown without shade.
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4,4 Field Experiment No.l

Performance of winter crops established after conven-
tional tillage following an early variety of rice and as paira
cron following sole crop of a late variety and an intercrop of

early + late variety of rice,

4.4.,1 Productivity of rice
The experiment was carried out with the objective
of assessing the productivity of winter crops following rice

gerop when established and managed differently.

The productivity of early (100 to 105 days) matur-
ing rice variety 'MW 10' ranged from 3910 kg / ha in 1985-86
to 4078 kg / ha in 1986-87 (Table 4,29). On the other hand
the productivity of late (143 to 150 days) maturing rice
variety 'Swarna‘' ranged from 5546 kg / ha in 1986-87 to 6031
kg / ha in 1985-86 (Table 4,29), Where the early ‘'MW 10°'
and late *swarna' varieties were grown in alternate paired
; rows the yields were lower than ‘Swarnha‘' alone but higher
- than 'MW 10' and it ranged from 4803 kg / ha in 1985-86 to
5046 kg / ha in 1984-85 (Table 4.29). The difference in
duration between the harvest of the early and late maturing
| varieties were 43 to 45 days, in different years. The land
equivalent ratio of the inter-cropping of two varieties ranged

from 0,97 to 1,065,

4,4.2 Productivity of winter Crops

4,4.2,1 stand establishment

2

The plant population / m® at 45 DAS and at harvest
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Table 4,29 Yield of rice (in kg / ha) crop preceding the
winter crops (Field Experiment No.1)

Year/crops vield of rice in kg/ha s.BEm C.D. C.V.
grown Swarna MW 10 Total + at %
5 %
1984 -85
Sole crop of
swarna (S) 5654 5654
+1339
sole crop of
MW 10 (M) 4040 4040
+1399
Alternate .
paired rows
(S+M) 2833 2213 5046
+ 778
1985-86
~ sole crop of :
swarna (S) 6031 6031 96, 5 378.8 7.6
sole crop of
MW 10 (M) 3910 3910
Alternate
paired rows
(S+M) 2883 1920 4803
1986-87
sole crop of
swarna (S) 5546 5546 69.9 274.4 5.6
sole crop of
MW 10 (M) 4078 4078
Alternate

paired rows
(S+M) 2844 2064 4908
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were recorded in three consecutive years of experimentation,
the mean plant population / m2 along with their statistical
analysis have been presented in Tables 4.30a, 4,.30b and 4, 30c

in 1984-85, 1985-86 and 1986-87, respectively.

In 1984-85, crops raised on conventionally tilled
soil following the harvest of 'MW 10' as sole crop showed

2 (68) than those

zsignificantly higher plant population / m
recorded under paira cropping at 45 DAs. However, no signi-
ficant difference was observed between two treatments establish-
ed by paira method (Plate 1), At harvest also similar trend of
évariation in.results, was recorded, Higher plant population /
m2 under conventional tillage might be due to the placement of
‘seeds to a favourable depth of soil for germination. Amongst
<winter crops, might be due to the differences in their seed
'éizes, significant differences in plant population between
different crops were ooserved at 45 DAS and at harvest, The
‘highest plant population / m2 at 45 DAS was recorded in linseed
(131) and the lowest in peas (31). No significant difference

in plant population was observed between the two lathyrus

wvarieties, ¢cimilar was the trend of variation in results at

harvest, -

In 1985~86, no significant difference in’plant popula-
tion was found under different methods (Plate 2) of crop esta-
blishment at 45 DAS and at harvest. Amongst different winter
crops, similar trend of variation in plant population was

observed, as in 1984-85, both at 45 DAS and at harvest.



124

Table 4,30a Plant population / m? of winter crops under
different methods of crop establishment and
management at 45 DAS and at harvest, Field
Experiment No,1 (1984-85)

Previous crops (R)

1 Sole MW 10 Sole Swarna Intercrop

'particulars (s) (S+M)

gi w;n?gg (Conventio- (Paira cropping) Mean

op ral tillage)
45 At 45 At 45 At 45 At
DAS har- DAS har DAS har- DAS har-
vest vest vest vest

Linseed 136 133 130 128 126 125 131 129

'peas 33 32 29 28 30 29 31 30

Lentil 89 87 80 78 7% 78 83 81

‘Lathyrus-N 41 39 36 34 37 36 38 36

lathyrus-L 40 39 35 34 36 35 37 36

‘Mean 68 66 62 60 62 61

R C RxC

At 45 DAS S.Em + 1.0 0.8 1.5
C.D. at 5% . 3.9 2.3 N.Se.

At harvest S.Em + 0.6 0.7 1.2
C.D. at 5% 2.4 2.0 NCS.
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Plant population / m2 of winter crops under
different methods of crop establishment and
management at 45 DAS and at harvest, Field

| Experiment No.1l (1985-86)

Previous crops (R)

Sole MW 10 Sole sSwarna Intercrecp
articulars (M) (s) (s+M)
of winter
rops (C) (Conventio=- (Paira cropping) Mean
nal tillage)
5 At 45 At 45 At 45 At
DAS har- DAS har- DAS har- DAS har-
vest vest vest vest
%Linseed 138 137 135 130 127 126 133 131
peas 34 33 31 29 29 28 31 30
Fentil 84 81 77 74 80 78 80 78
i
1athyrus-N 37 36 33 33 35 33 35 34
tathyrus-L 36 36 35 34 34 33 35 34
Mean 66 65 62 60 61 60
R C RxC
At 45 DAS  S.Em + 2.1 1.5 2.6
C.D. at 5% N.S. 4.4 N.SO
At harvest S.Em + 1.4 1.2 2.1
CID. at S% NOS. 3.5 N’S.
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‘Table 4.30c Plant population / m® of winter crops under

dif ferent methods of crop establishment and
management at 45 DAS and at harvest, Field
Experiment No,1 (1986-87)

Previous crops (R)

; Scle MW 10 Sole Swarna Intercrop
‘Particulars (M) (s) (S+M)
‘gi w;n?g§ (Conventio- (Paira cropping) Mean
°p nal tillage
45 At 45 At 45 At 45 At
DAS har- DAS har- DAS har- DAsS har-
vest vest vest vest
Linseed 151 147 142 138 147 141 147 142
Peas 35 33 28 27 29 28 31 29
Lentil 102 98 78 76 76 72 85 82
‘Lathyrus-N 42 40 37 37 39 38 39 38
lathyrus-L 39 38 39 38 37 35 38 37
Mean 74 71 65 63 66 63
R C RxC
At 45 DAsS S.Em + 0.8 1.1 2,0
C.D. at 5% 3.1 3.2 5.8
At harvest S.Em + 1.2 1.3 2,2

C.D. at 5% 4,7 3.8 6.4




Photographs of lentil,
.

in vegetative stage in

Crop established under

relayed with *Swarna’
Crop established under pai
relayed with 'Swarna!+MW10
alternate paired rows.




Plate 2., Photographs of lLathyrus (Nirmal) 65 days after

sowing in vegetative stage in 1985=86
A, Crop established under conventioral tillage.

B, Crop established under paira cropping relayed
with 'swarna' rice,




In 1986-87, the number of pnlants / m2 were moil
crop was established after conventional tillage than tl
established under paira cropping; the difference betwec
two treatments (following sole and intercropping of ric
paira cropping was, however, not significant both at 4¢
at harvest., The small seeded crops (linseed and lentil
significantly higher number of plants / m2 than in othe
Linseed, peas and lentil showed better crop estapblishme
conventional tillage than when established as a paira c
Whereas lathyrus did ﬁgt show very wide differences bet

conventicnal and naira methods of crop establishment,

4,4,2.2 choot dry matter accumulation / m2

Shoot dry matter accumulation / m2 recorded at
in three consecutive years of experimentation have been
sented in Tables 4.31a, 4.31b and 4.31c in 1984-85, 198!

and 1986-87, respectively.

In 1984-85, the higher shoot dry matter accumu.
m2 (655 g) was recorded in plants established under com
nal method of cultivation, following the harvest of 'MW
rice than those recorded in other methods 0Of stand estat
ment of paira croppings. The lowest shoot dry matter ac
lation / m2 (536 g) was recorded in crops raised in paii
of crop establishment followed in scle 'swamma' rice as
to other methods of crop establishment, At 90 DAs, the

dry matter accumulation / m2 ranged from 726 g in lathyr

€Nirmal) to 414 g in linseed (Plate 3), NO significant



Crop establish under conven=

tional till:

Crop establic with minimum
paira cropping

with late 'sSwarna' variety of rice,

: L under paira cropp-
relayed with *MW 10%+
rice in alternate paired rows.
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shoot dry matter accumulation (g / m2) of winter
crops under different methods of crop establish-
ment and management at 90 DAS, Field Experiment
No.l (1984-85)

Particulars
of winter
“erops (C)

Previous crops (R)

Sole MW 10 Sole swarna Intercrop Mean
(M) (s) (5+M)
(Conventio- (Paira cropping)

nal tillage)

Linseed
Peas
Lentil
Iathyrus-~N
 lathyrus-L
Mean

487 341 414 414
696 578 633 636
598 476 558 544
777 688 714 726
717 596 653 655
655 536 594

R C RXC

S.Em + 14.6 18.6 32.1

C.D. at 5% 57.3 54,3 N.5.

Table 4,31b

shoot dry matter accumulation (g / mz) of winter
crops under different methods of crop establish-
ment and managent at 90 DAS, Field Experiment
No.1l (1985~86)

Particulars
,of winter
crops (C)

Previous crops (R)

Linseed

| Peas
Lentil
'1athyrus-N
Lathyrus~L
Mean

Sole MW 10 Sole Swarna Intercrop Mean
(M) (s) (54M)
(Conventio- (Paira cropping)
nal tillage)
469 306 409 395
756 717 728 734
516 409 476 467
737 653 714 701
660 587 642 630
628 534 594
R c \ RrRxC
S.Em + 15.5 23.3 40.4

C.D. at 5% 60,9 68.0 N.S.




I

Table 4,31c
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shoot dry matter accumulation (g / m2) of winter
crops under dif ferent methods of crop establish-
ment and management at 90 DAS, Field Experiment

No.1l (1986-87)

Particulars
of winter
crops (C)

Previous crops (R)

Sole MW 10 gsole gswarna Intercrop Mean
(M) (s) (S+M)
(Conventio~- (Ppaira cropping)

nal tillage)

Linseed
Peas
Lentil
lLathyrus-N
Iathyrus-L

Mean

401 344 375 373
626 519 582 576
582 455 467 501
708 588 694 663
625 572 600 599
588 496 544
R C RXC
S.Em + 17.9 19.1 33.2

CQDl at 5% N-So 5508 N.S.
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difference in shoot dry matter accumulation / m2 was recorded

oetween peds (Plate 4) and Lathyrus (local).

In 1985-86, plants raised under conventional method
of crop establishment, showed hicher shoot dry matter accumu-

lation / m2

(628 g} than those recorded by paira method of
crop establishment. Crops established by paira method in

sole 'swarna' rice plots showed significantly lesser dry
matter accumulation than those recorded in crops estaplished
conventiorally. 4Again ne significant difference in shoot dry
matter accumulation / m2 was olserved between twoO treatments
under paira method of crop establishment. Significantly
hicner shoct dry matter accumulation / m2 (734 g) was recorded
in peas than those recorded in other crops except lathyrus
(Nirmal)} and the lowest dry matter accumulation 7/ m2 (395 g)
was recorded in linseed which was significantly lower than
those recorded in other crops. Interaction between the methods

of crcp ectablishment and the winter crops was not found signi-

ficant,

In 1986-87, the effect of previcus cropping on growth
of winter crop was not significant, Amongst winter crops,
‘highest shoot dry matter accumulation / m2 (663 g) was recorded

in Iathyrus (Nirmal) and it was significantly superior to
lathyrus (local), The lowest shoot dry matter accumulation / m2
(373 g) was recorded in linseed, which was significantly lower

than those recorded in other crops., No significant differences

. .2
in shoot dry matter accumulation / m~ was recorded between peas
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and lathyrus (local). The interaction between the effects
of previous cropping with the growth of winter crops was

not significant,

4.4.2.3 Root dry weight / core sample (i.,e. in 578 c.c.
of soil core)

Root dry weights per core sample were determined at
; four soil depths at intervals of 15 cm, at 60 and 105 DAS in

1984-85 and 1985-86.

In 1984-85, at © - 15 cm scil depth the highest root
dry weight (158.1 and 187.9 mg / 578 c,c. of soil core on 60
and 105 DAS, respectively) was recorded in crops established
after conventional tillage, The lowest root dry weight
- (144.1 and 173.3 mg / 578 c.c., of soil core on 60 and 105
' DAS, respectively) was recorded under paira method of cCrop
establishment following sole crop of fSwarna' rice., Peas
recorded the highest root dry weight (159.7 mg / 578 c.c. of
'soil core) closely followed by lathyrus varieties and the
ilowegf (135.8 mg / 578 c.c. of soil core) was recorded in
linseed at 60 DAS. At 105 DAS also, peas showed the highest
‘root dry weight (195 mg / 578 c.c. of soil core) closely follow-
ed by lathyrus (Nirmal) and the lowest (160.2 mg / 578 c.c. of
%soil core) was recorded in linseed also, Interaction between
?crops and methods of crop establishment was found significant
lat 60 DAsS. 1In all crops hicher root dry weights were recorded
‘under conventional tillage than those recorded in paira

cropping and the differences were significant in all crops.
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Again, all crbps raised in the treatment under paira cropping
following intercrop of rice ('Swarna' +'Mw 10') showed hicher
root dry weight than those recorded in treatment under paira
cropping following sole crop of 'Swarra' rice but the differ-
ences were not significant (Table 4.32a) in linseed and

- Iathyrus (Nirmal).

In 1985-86, at 0 - 15 com so0il depth under conventio-
nal method of crop establishment crops showed significantly
hicher root dry weight (176 mg / 578 c.c. of soil core) than
. those established under paira cropping and the lowest (148.5
1mg / 578 c.c, of soil core) was recorded under paira cropping
following sole crop of ‘*Swarna' rice at 60 DAS. At 105 DAS,
‘plants raised under conventional method of crop establishment
'showed the hichest root dry weicht (198.9 mg / 578 c,c. of
‘soil core)., The difference in root dry weight between the
winter crops established by paira method following sole and
mixed culture of rice, was not significant, Peas recorded
ithe hichest root dry weight (187.7 mg / 578 c.c. of soil core)
and the lowest was recorded in lentil (140.9 mg / 578 c.c. of
s0il core). No significant difference was observed between
linseed and lentil and also between Jathyrus varieties at 60

DAS. At 105 DAS, peas also recorded the hichesgt root dry
:weight (208.9 mg / 578 c.c. of soil core) which was signifi-
;cantly more than those recordéd in other crops. The lowest
iroot dry weicght was recorded in lentil (163.0 mg / 578 c.c. of
soil core) which was significantly lower than those recorded

in all other crops (Tapble 4.32Db).



Table 4,32a

Root dry weight per core sample (578 c.c. of soil)
in winter crops under different methods of crop
establishment and management at O - 15 cm depth on
60 and 105 DAS in mg, Field Experiment No.l
(1984-85)

Previocus crops (R)

" Sole MW 10 Sole swarna Intercrop
Particulars (M) (s) (S+M)
gi w;n%gg (Conventio- (Paira cropping) Mean
©p nal tillage)

60 105 60 105 60 105 60 105

DAS DAS DAS DAS DAS DAS DAS DAS
Linseed 140.7 169,22 131.8 151.5 134.9 1%59.8 135,8 160.2
Peas 167.4 202,0 151.3 188,8 160.4 194,3 159,7 185.0
Lentil 148.9 178.4 136.1 160.8 142.2 171.7 142.4 170.3
Lathyrus-N 169.2 198.3 152.1 186,72 156.4 193.8 159.2 192.8
Lathyrus-L 164.5 191.4 149.4 179.1 156.8 184,6 156.9 185.0
Mean 158.1 187.9 144,11 173.3 150.1 180.8

R C RxC

At 60 DAS S.Em + 0.81 1.16 2.01

C.D. at 5% 3.18 3,39 5.87
At 105 DAs S.Em + l.41 1.71 2.96

C.D. at 5% 5.54 4,99 N.S.




Table 4.32b\

Root dry weicht per core sample (578 c.c.

134

of

soil) in winter crops under different methods

of crop establishment and management at O - 15

cm depth on 60 and 105 DAS in mg, Field Experi-

ment No,1 (1985-86)

Previous crops (R)

Sole MW 10 Sole Swarna Intercrop
Particulars (M) (s) (S4M)
gi w;n%g§ (Conventio- (Paira cropping) Mean

op nal tillage)

60 105 60 105 60 105 60 105

DAS DAS DAS DAS DAS DAS DAS DAS
Linseed 167.5 186,.6 114.9 162,2 104,.3 163.2 140.,9 170.7
Peas 198.,1 232.0 174.2 194.8 180.7 199.9 187.7 208.9
Lentil 150.3 177.2 132.0 150.1 138.8 161.6 140.4 163,0
Iathyrus=N 180,7 188,72 155,7 167.1 174.4 194.5 170,3 183.3
Lathyrus-~L 183.6 210.6 165.8 190.4 158,9 173,2 169.,4 191.4
Mean 176,C 198.9 148.5 172,9 160.6 178.5

R C RxC

At 60 DAS S.Em + 1.85 3.89 6.73

C.D, at 5% 7.26 11,35 N.S.

S.Em + 3.05 2,03 3.52

At 105 DAS

C.D. at 5% 11,97 5,93 N.S.
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In 1984-85, at 15 - 30 cm soil depth, crops establish-
ed under conventional method of crop establishment, at 60 DAS,
showed significantly higher root dry weight (41.8 mg / 578 c.c.
of soil core) than those recorded in treatment under paira
cropping following sole crop of ‘'Swarna' rice. No significant
difference was observed at 60 DAS between two treatments under
paira method of crop establishment. At 105 DAS, conventional
method of crop establishment showed sicnificantly the higher
root dry weight (53.5 mg / 578 c.c. of soil core) than those
recorded under paira method of crop establishment and the
difference petween the two treatments (established under paira
cropping) was also significant., Amongst crops, peas recorded
the hichest root dry weight (48.8 mg / 578 c.c. of soil core)
and it was significantly higher than rest of the crops. The
lowest root dry weight (30 mg / 578 c.c. of soil core) was
recorded in linseed which was significantly lower than all
other crops at 60 DAS. At 105 DAg, similar was the trend of
variation except that the difference in root dry weight between
two varieties of lathyrus, was not significant. Interaction
(Table 4,.333a) between methods of crop establishment and croovs,
was also significant at 105 DAS. This indicated thereby that
the root dry weicghts of all crops, were higher under
conventional method of crop establishment than those observed
‘under paira method of crop establishment; the differences were,
however, not significant in linseed lentil and lathyrus (Nirmal).
‘Again, higher root dry weights were observed in all crops

established under paira cropping following intercrop of two



‘Table 4,33a
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Root dry weight per core sample (578 c.c. of soil)
in winter crops under different methods of crop
establishment and management at 15 - 30 cm depth
on 60 and 105 DAS in mg - Field Experiment No,1

{1984-85)

Previous crops (R)

Sole MW 10 Sole swarna Intercrop
Particulars (M) (s) (S+M)
giow;n?§§ (Conventio- (Paira cropping) Mean

P nal tillage)

60 105 60 105 60 105 60 105

DAS DAS DAS DAS DAS DAS DAS DAS
Linseed 31.4 37.6 28.7 34.4 3¢,C 35,1 30,0 35,7
Peas 52.2 7.7 44,3 58,2 49,9 62,7 48.8 62,9
Lentil 35.9 45,1 31.0 40,6 31.3 42.6 32.7 42,8
lathyrus-N 42,1 56.9 37.6. 47.8 40,5 53,5 40,1 52.7
Iathyrus-L 47,5 60,1 41,4 47.2 44,1 48,3 44,3 51,9
Mean 41.8 53,5 36,6 45,6 39,2 48,4

R C RxC

At 60 DAS  S.Em + 0.83 0,88 1.52

C.D. at 5% 3.26 2,57 N.S.
At 105 DAS  S.Em + 0.64 0,86  1.48

C.D. at 5% 2,51 2.51 4,32
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rice varieties (Swarra + MW 10) than those under paira cropp-
ing following sole crop of 'Swarna' rice; the differences were,

however, significant only in case of peas and lathyrus (Nirmal).

In 1985-86, at 15 « 30 cm soil depth, the hichest root
dry weicht (42.9 mg / 578 c.c. of soil core) was recorded in
crops established under conventional method of crop establish-
ment, No significant difference in root dry weight was observed
between the two treatments established under paira method of
crop establishment at 60 DAS. At 105 DAS, crops raised under
conventional method showed significantly higher root dry weight
(53.5 mg / 578 c.c. of soil core) than the crops raised under
paira method of crop establishment (46.9 mg / 578 c.c, of soil
core)., No significant difference was oObserved between two
treatments established under paira cropping. Amongst Crops,
peas showed significantly the hichest root dry weight (51 mg /
578 c.c. of soil core) and the lowest 31.4 mg / 578 c.c. of
soil core) was recorded in lentil but the difference between
lentil and linseed, at 60 DAS was not significant., At 105 DAs,
similar was the trend of variation between the crops (Table

4,33Db)."

In 1984-85, at 30 -~ 45 cm soil depth, crops established
under conventional method of crop establishment recorded the
‘highest root dry weight (22.2 and 32,1 mg / 578 c.c. of soil
core at 60 and 105 DAS, respectively)and the lowest (18.5 and
‘28 mg / 578 c.c, of soil core at 60 and 105 DAS, respectively)

was recorded in crops established through paira cropping



Table 4.33b
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Root dry weight per core sample (578 c.c., of soil)
in winter crops under different methods of crop
establishment and management at 15 - 30 cm depth
on 60 and 105 DAS in mg - Field Experiment No.l
(1985-86)

Previous crops (R)

Sole MW 10 Sole swarna Intercrop
Parficulars (M) (s) (S+M)
giow;n%gg (Conventio- (Paira cropping) Mean

P nal tillage)

60 105 60 105 60 105 60 105

DAS DAS DAS DAS DAS DAS DAS DAS
Linseed 41,1 45,1 28,2 33,2 32,0 43,5 33.8 40.6
Peas 50.3 65,9 52.5 62,0 50.2 62,7 51.0 63,5
Lentil 33.5 41.¢9 31.3 37.9 29,3 139.8 31.4 39.¢9
lathyrus-N 46,3 58,6 43,4 54.4 44,7 57,0 44,8 56,7
1athyrus~L 43,2 54,7 35,5 46.8 36,2 48,1 38.2 49.9
Mean 42,9 53,2 38.2 46.9 38.5 50,2

R C RxC

At 60 DAS  S.Em + 0.90 1.22  2.11

c.D, at 5% 3.53 3.56 N.S.
At 105 DAS S.Em + 0.89 1.44 2.49

c.D. at 5% 3.49 4,20 N.S.
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after the sole crop of the late variety of rice ‘swarna’‘.

The differences in root dry weights observed between two treat-
ments of paira cropping, were significant both at 60 and 105
DAS., At 60 DAS, peas recorded the highest root dry weight
(24.2 mg / 578 c.c, of soil core) and the lowest (13.8 mg /
578 c.c. of soil core) was recorded in linseed which was
significantly lower than those recorded in all other crops,

No significant difference was observed in root dry weights
between Iathyrus varieties at 60 DAs. At 105 DAs, the highest
root dry weicht (37.5 mg / 578 c.c., of soil core) was recorded
in peas and the lowest (24.9 mg / 578 c.c. of soil core) was
recorded in linseed. No significant differences in root dry
welghts were observed amongst lentil and lathyrus varieties

(Table 4.34a).

In‘l985-86, at 30 ~ 45 cm soil depth, conventional
method of crop establishment showed the highest root dry
weicht (27.3 mg / 578 c.c. of soil core) than those recorded
in crops established under paira cropping at 60 DAS. But
this difference was not significant at 105 DAsS. 2t 60 DAg,
peas recorded the highest root dry weight (31,9 mg / 578 c.c.
of soil core) and the lowest (17 mg / 578 c,c. of soil core)
was recorded in lentil which was significantly lower than
those recorded in rest of the crops. No significant difference
in root dry weights was observed between lLathyrus varietiesat
60 DAS. At 105 DAS, the trend of variation was very similar

to those recorded at 60 DAS (Table 4,34b).



Table 4.34a
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Root dry weight per core sample (578 c.c. of soil)
in winter crops under different methods of crop
establishment and management at 30 - 45 cm depth,
on 60 and 105 DAs in mg, Field Experiment No.1,
(1984-85)

Previous crops (R)

Sole MW 10 S0le Swarna Intercrop
Particulars (M) (s) (S4M)
giow;.m(:gl; (Conventioc- (Paira cropping) Mean
(3 nal tillage)
60 105 60 105 60 105 60 105
DAS DAS DAS DAS DAS DAS DAS DAS
Linseed 15.8 27.1 12.6 23,7 13.0 24,0 13.8 24,9
Peés 26,9 39,5 21.7 35.5 23,9 37.5 24,2 37.5
Lentil 12.3 30.4 17.1 25.9 18.3 28,9 18.2 28,4
lathyrus-N 24,6 32,0 20,2 27.3 22.1 30.1 22,3 29,8
Mean 22,2 32,1 18.5 28.C 20.1 29.7
R C RXC
At 60 DAS S.Em + 0.31 0.40 0.69
| C.D. at 5%  1.22 1.17  N.S.
S.Em + 0.24 0,62 1.07

At 105 DAS

C. DQ a

t 5%

0.94
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Table 4.34b Root dry weight per core sample (578 c.c, of soil)
in winter crops under different methods of crop
establishment and management at 30 -~ 45 c¢m depth,
on 60 and 105 DAS in mg, Field Experiment No.1
(1985-86)

Previous crops (R)
Sole MW 10 Sole swarna Intercrop
rarticulars (M) (s) (s+M)
2iog;nﬁgf (Conventio- (Paira cropping) Mean
: ¢ nal tillage) _— ———
60 105 60 105 60 105 60 105
DAaS DAS DAS DAS DAS nDAS DAS DAS

Linseed 24,8 30.8 21.9 26.2 22,9 30,2 23,2 29.1

Peas 34,9 39.0 29.4 34.2 31.3 35.3 31.9 36,2

Lentil 18.0 26,0 15.2 23.6 17.7 25,7 17.0 25.1

Iathyrus-N 28,0 35.3 23.4 28.4 25.6 32.4 25,7 32.0

lathyrus-L 30.7 35.9 24,5 30.5 26,9 33.0 27.4 33.1

Mean 27.3 33.4 22.9 28,6 24,9 31.3

R C RXC

At 60 DA5  S.Em + 0.59 0.95 1.64
C.D. at 5% 2.32 2.77 N.5.

At 105 Das S.Em + 1.32 0,93 1.61
C.D, at 5% N.3. 2.71 N.S.
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In 1984-85, at 45 - 60 cm soil depth, crops establi-

- shed under conventicnal method of stand establishment showed
higher root dry weights (11 and 19.8 mg / 578 c.,c. of soil

i core at 60 and 105 DAS, respectively) than those established
;under paira croppings. The lowest root dry weights (8.4 and
il3.3 mg / 578 c.c, of soll core at 60 and 105 DAS, respectively)
were recorded in winter crops established under paira cropping
 following sole crop of ‘'swarna‘’ rice; these yields were éigni—
ficantly lower than the crop that followed mixed culture of
two varieties of rice., At 60 DAS, peas recorded higher rocot
dry weight (10.9 mg / 578 c.c. of soil core) than those recor-
ded in lathyrus varieties. The lowest root dry weight (7.8

mg / 578 c.c. of soil core) was recorded in linseed. At 105
DAS, the highest root dry weight (20 mg / 578 c.c. of soil
core) was recorded in peads andg the lowest (12,5 mg / 578 c.c.
of soil core) was recorded in linseed which was significantly
lower than the root dry weights recorded in all other crops.
The difference in root dry weight between lathyrus varieties
was statistically at par. Interaction between crops and methods
of crop establishment was found significant only at 105 DAS.
In all the crops higher root dry weights were observed under
;conventional method of crop establishment than those under
paira cropping and the differences were significant except

in linseed (Table 4.35a).

In 1985-86, at 45 - 60 cm soil depth, no significant
difference in root dry welght was observed under different

methods of crop establishment at 60 DAS. Amongst Crops,
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Table 4,35a Root dry weight per core sample (578 c.c. of soil)
in winter crops under diffdrent methods of crop
establishment and management at 45 - 60 cm depth
on 60 and 105 DAS in mg, Field Experiment No. 1
(1984-85)

Previous crops (R)

S50le MW 10 501le Swarna Intercrop
Particulars (M) (5) (S+M)
2£Og;n?g§ (Conventio- (Paira cropping) Mean
i nal tillage) n
60 105 60 105 60 105 60 105
DAS DAS DAS DAS DAS DAS DAS DAS
Linseed 8.5 14,2 7.0 10.6 8.0 12,7 7.8 12.5
peas 13.0 25.4 9.4  16.3 10.2 18.3  10.9 20.0
Lentil 10.4 16,9 7.8 12,1 9.1 13.0 9.1 14.0

Lathyrus~L 11.7  20.7 9.6 13,0 10.8 15.5 10.7 16.4

Mean 11.0 19.8 8.4 13.3 9.7 15.3
R c RXC
At 60 DAS S. Em + 0.22 0.32 0. 56
C.D., at 5% 0.86 0.93 N.S.
At 105 DAS S. Em t 0.40 0,47 0.82

C.D, at 5% 1.57 1.37 2,39
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peas recorded the highest root dry weight (14 mg / 578 c.c.

of soil core) closely followed by Iathyrus varieties. Although
lentil recorded the lowest root dry weight (10.1 mg / 578 c.c.
of soll core) still it did not differ with that recorded in
linseed, at 60 DAS. Agaln, no significant difference was
observed amongst linseed and lLathyrus varieties, At 105 DAs,
conventional method of crop establishment showed the highest
root dry welght (18,3 mg / 578 c.c. of soil core) which was
significantly higher than those recorded in paira cropping
(16,6 mg / 578 c.c. 0f soil core) following intercrop of two
rice varieties (‘'Swarna' +'MW 10'). Again no significant
difference was observed in root dry welght between two treat-
ments under paira method of stand establishment., Peas recorded
significantly higher root dry weight (23.5 mg / 578 c.c. of
s0il core) and the lowest (14.2 mg / 578 c.,c. of soill core)

was recorded in lentil; but no significant difference was
observed between lentil and linseed, Again, no significant
difference in root dry weight was observed between linseed

and lathyrus varieties (Table 4,35Db).

4,4,2.4 Number of nodules / plant
Number of nodules / plant was counted at 60 DAS, from

a denth of 0 - 25 cm so0il in 1985-86 and 1986-87.

In 1985-86, no significant difference in numper of
nodules / plant under different methods of Crop establishment
was obcerved. amongst crops, lathyrus (Nirmal) had signi-

ficantly higher number of nodules (236 / plant) than peas



Table 4,350 Root dry weight per core sample (578 c.c.

in winter crops under different methods of crop

of soil)

establishment and mandgement at 45 - 60 cm depth,

on 60 and 105 DAS in mg, Field Experiment No, 1

{(1985-86)

- - - -

Previous Ccrops (R)

Sole MW 10 Scle swarna Intercrop
Particulars (M) (3) {(S+M)
giogén?g? (Conventio- (Paira cropping) Mean
i / nal tillage) N
60 105 60 105 60 105 60 105
DAS DAS DAS DAS - DAS DAS DAS DAS
Linseed 12.6 15.5 12.0 16.0 10.7 15,2 1i.8 15.6
Peas 14,8 22,1 12.9 28.2 14,2 20.2 14,0 23.5
Lentil 11.1 16.3 9.1 10.6 10.2 15.6 10.1 14,2
lathyrus-N 13.1 19.2 14.6 17.0 11.9 15.8 13.2 17.3

Mean 13.4 18,3 12.2 17.4 12.0 16.6
R C RxC
At 60 DAS S.Em + 0.44 0.71 1.23
C.D. at 5% NeS, 2,07 N.S.
At 105 Das S.Bm + 0.23 0©.71 1.23

C.D, at 5% 0.90 2,07 N.S5.
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(188 / plant) and lentil (87 / plant)., The number of nodules /
.plant in local variety of lathyrus was statistically at par
with peas and also with latyyrus (Nirmal). The interaction
between crops and methods of crop establishment was significant,
~lathyrus (local) under conventional method of crop establish-
ment showed higher number of nodules / plant than those record-
ed under paira cropping. Again, peas under two treatments
established as paira method of crop estaplishment following

the sole crop of 'Swarna' rice and also following the inter-
cropped of two rice varieties showed significantly higher
number of nodules / plant than the number of nodules / plant

recorded under conventiocnal method of crop establishment o

{Table 4,36a).

In 1986~-87, conventional method of winter crop esta-
blishment recorded significantly higher number of nodules /
plant (145 / plant) than those recorded in other two treatments
established as paira crop., Paira method of crop establish-
ment following sols crop of 'Swarna' rice and intercropped
(*swarna' + 'MW 10') rice recorded equal number of nodules /
plant., Amongst crops, lLathyrus (Nirmal) recorded signifi-
cantly higher number of nodules / plant (152 / plant) closely
followed by lathyrus (local) than peas (117 / plant) and lentil
(91 / plant). The number of nodules / plant recorded in lentil
(117 / plant) and peas (91 / plant) were statistically at par.
The interaction between crops and methods of establishment was

-~
not significant (Table 4.36Db).
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Table 4.36a Number of nodules / plant of winter crops under
different methods of crop establishment and manage-
ment at 60 DAS, Field Experiment No.l (1985-86)
Previous crops (R)
Particulars Sole MW 10 Sole swarna Intercrop Mean
of winter (M) (s) (S+M)
crops (C) (Conventio- ~ (Paira cropping)
nal tillage)
Peas 115 249 202 189
Lentil 105 75 81 87
lathyrus-N 240 236 231 236
lathyrus-L 286 186 198 223
Mean 187 187 178
R C RxC
S.Em + 14.1 13.0 22,5
C.D. at 5% N.5. 37.9 65,7

Table 4,.36Db

Number of nodules / plant of winter crops under
dif ferent methods of crop establishment and mamge-
ment at 60 DAS, Field Experiment No.l (1986-87)

Previous crops (R)

Particulars Sole MW 10 gsole Swarna Intercrop
of winter (M) (s) (S+M)
crops (C) {Conventio~ (Paira cropping)
nal tillage)
Peas 141 109 101 117
Lentil 100 85 89 91
Iathyrus-N 176 148 132 152
Iathyrus-L 161 132 154 149
Mean 145 119 119
R c RxC
S.Em + 4,7 9.3 16,2

C.D. at 5% 18.5 27.1 N.S.
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4,4.2.5 Yield components

4,4.2.5.,1 Number of pods or capsules / m2
The number of pods or capsules / m? were counted in

all the three years of experimentaﬁion at harvest and have

been summarised in Tables 4,373, 4.37b and 4.37c¢c, as recorded

in 1984-85, 1985-86 and 1986-87, respectively,

In 1984-85, under conventional method of crop esta-
blishment the number of pods in case of legumes and number of
capsules in case of linseed per square metre (i.e. m2) were
more than in two treatments under paira method of crop esta-
blishment. No significant difference in number of pods or
capsules / m? was observed between two treatments under paira
cropping.~ Amongst crops, lentil showed significantly the

highest number of pods / m2 (7954) and the lowest (904)
numoer was recorded in peas which was significantly lower
than those recorded in all other crops. No significant
difference in number of pods / m2 was observed between two
~varieties of lathyrus. The interaction between winter crops
and methods of crop establishment was significant, Lentil
 recorded significantly higher number of pods / m2 under con-
iventional tillage than those in crops established under paira
- cropping. Under paira cropping the lentil crop following
intercrop of *'sSwarma‘' + 'MW 10' recorded again higher number

2 than those recorded in plots that followed sole

. of pods / m
crop of 'Swarna‘'. Similar was the trend of difference in

linseed but the difference between two treatments under paira
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Table 4,37a Number of pods or capsules / m2, at harvest, of
: water crops under different methods of crop esta-
blishment and manadgement, Field Experiment No.l

(1984 -85)
Previous crops (R)
Particulars Sole MW 10 Sole Swarna Intercrop Mean
of winter (M) (s) {(5+M)

crops (C) (Conventio- {(Paira cropping)

nal tillage)

3 Linseed 4637 4010 4342 4330

. Peas 968 816 927 904

Lentil 9086 6741 8035 7954

- Lathyrus-N 1896 1546 1628 1690

Iathyrus-L 1774 1495 1693 1654
Mean 3672 2922 3325

R c RxXC
S.Em + 107.2 106.7 184.8
C.Db. at 5% 420.8 311.5 539.4

Table 4.,37b Number of pods or capsules / m2, at harvest, of
winter crops under different methods of crop esta-
blishment and maragement, Field Experiment No.1l
(1985-86)

Previous crops (R)

“Particulars gsole MW 10 Sole swarna Intercrop Mean
of winter (M) (s) (S+M)
crops (C) (Conventio=- (Paira cropping)

nal tillage)

Linseed 4385 3313 3683 3794

Peas 1098 995 1006 1033

Lentil 7173 5255 6073 6167

Lathyrus -N 1692 1440 1554 1562

:LathyruS-L 1448 1390 1471 1436
Mean 3159 2479 2757

R C RXC

S.Em + 162.9 155.7 269.6

C.D. at 5% N.S. 454.5 N.S.
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cropping was not significant. In other crops differences
betwWween the methods of crop establishment were not sta“isti-

cally significant.

In 1985-86, no significant difference between the
methods of crop estaolishment in respect of number of pods
or capsules / m2 was observed. Amongst crops, lentil showed
significantly higher number of pods / m? (6167 ) than those
recorded in rest of other crops. The lowest numper of pods /
lmz (1033) was recorded in peas, as in the previous year, which
was significantly lower than those recorded in rest of the other
crops except lathyrus (local)., No significant differences was
observed in number of pods / m2 between two variaties of

lathyrus., The interaction between crops and methods of crop

establishmant was not significant,

In 1986~87 also no significant difference in number of
pods or capsules / m2 was observed amongst methods of crop
establishment. As in the previous years lentil showed signi-

2 (5974 ) and the lowest

ficantly the highest number of pods / m
number of pods / m2 was recorded in peas which was signifi-
.cantly lower than those recorded in rest of the other crops.
No significant difference in number of pods / m2 was observed
between lathyrus varieties. The interaction between crops and
methods of crop establishment was found to be significant. As
was observed in the year 1984-85, the number of pods / m2 was
significantly lower in lentil when it was established under

paira cropping than when it followed 'MW 10' after conven-

tional tillage; the difference between two treatments established
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Number of pods of capsules / m2, at harvest, of
winter crops under different methods of crop
establishment and management, Field Experiment

No.1l (1986-87)

Previocus crops (R)

Particulars Sole MW 10 Sole Swarna Intercrop Mean
of winter (M) (s) (S+M)
crops (C) (Conventioc- (Paira cropping)
nal tillage)
Linseed 3786 3419 3648 3618
Peas 1006 804 943 918
Lentil 6991 5367 5563 5974
lathyrus-N 1535 1361 1563 1486
Iathyrus-L 1469 1335 1502 1435
Mean 2957 2457 2644
R c RxC
S.Em + 162.4 106.3 184,1

C.D. at 5% N.S. 310.3 537.4
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under paira cropping was however not significant. In other

crons these differences were not wide and significant.

4,4.2,.5.2 Number of seeds / pod or cansule

The number of seeds / pod or capsule were recorded
in all the crops in all the three years of experimentation
and have been presented in Tables 4.38a, 4,38b and 4,38c in

198485, 1985-86 and 1986-87, respectively.

The number of seeds / pod or capsule being mainly a
genetical character was least affected due to the dif ferences
in the methods of establishment, As usual the crops differed

‘widely and significantly between themselves,

4,4,2,5.3 Test weight

Test weights or 100 seeds weights of all the crops
in 2all the three years of experimentation have been summarised
in Tables 4.3%a, 4.39b and 4.3%c in 1984-85, 1985-86 and

11986-87, respectively,

Test weight differences being mainly governed by gene-
‘tical factors, environmental differences provided to the crops
at the time of establishment did not cause any significant

difference in any of the crops.

4,4.,2.6 Grain yield of crops
| Grain yields in kg / ha recorded in three consecutive
'years have been presented in Tapbles 4.40a, 4.40b and 4.40c for

1984-85, 1985~-86 and 1986-87 seasons, respectively.
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Table 4.38a Number of seeds / pod or capsule of winter crops
under different methods of crop establishment and
management, Field Experiment No.1l (1984-85)

Previous crops (R)
Particulars Sole MW 10 sole swarna Intercrop Mean
of winter (M) (s) (S+M}
croos (C)

(Conventio- (Paira cropping)
nal tillage)

" Linseed 2.0 8.9 8.9 8.9
Peas 5.5 5.5 5.7 5.6
Lentil 1.9 1.9 1.9 1.9
Lathyrus=-N 3.6 3.7 3.5 3.6
lathyrus-L 3.6 3.5 3.6 3.6
Mean 4,7 4.7 4,7

R C RxC
S.Em + 0. 06 0.08 0.13
C.D, at 5% N.S. 0,23 . N.S.

Table 4.38b Number of seeds / pod or capsule of winter crops
under different methods of crop establishment and
management, Field Experiment No,1 (1985~86)

Previous c¢rops (R)

‘Particulars Sole MW 10 Sole Swarna Intercrop Mean
of winter {M) (s) (S+M)
crops (C) {Conventio=- . (Paira cropping)

nal tillage)

Linseed 8.6 8.1 8.1 8.3
Peas 5.8 5.9 5.8 5.8
Lentil 1.9 1.9 1.9 1.9
I2athyrus-N 3.6 3.8 3.7 3.7
Iathyrus~L 3.7 3.6 3.6 3.6
Mean 4,7 4,7 4,6
| R C RxC
S.Em + 0,04 0.07 0.12

C.D, at 5% N. 3, 0. 20 N. S,
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Table 4,38c Number of seeds / pod or capsule of winter crops
under different methods of crop establishment and

managerent, Field Experiment No.l (1986-87)

Previous crops (R)

- Particulars Sole MW 10 Sole Swarna Intercrop Mean
of winter (M) (s) (sS+M)
crops (C) (Conventio- (Paira cropping)

nal tillage)

Linseed 8.5 7.8 8.0 8.1
épeas 5.1 5.7 5.5 5.4
‘Lentil 1.8 1.9 1.8 1.8

1athyrus-N 3.6 3.7 3.8 3.7

Lathyrus-L 3.6 3.6 3.7 3.6
Mean 4,5 4,5 4.6

R C RxC
S.Em + 0.05 0, 09 0.16

C.D., at 5% N, S, 0. 26 N.S.
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Table 4.39a Test weight of seeds (in g of 100 seeds) of winter
crops under different methods of crop establishment
and management, Field Experiment No.l (1984-85)

Previous crops (R)
Particulars Sole MW 10 Sole swarna Intercrop Mean
of winter (M) (s) (S+M)
crops (C)

(Conventio~ (Paira cropping)
nal tillage)

Linseed 0.51 0.53 0.53 0.52

Peas 7.13 7.57 7.56 7.42

‘Lentil 1.70 1.65 1.86 1.74

1athyrus-N 5.85 5,70 5.66 5.74

Iathyrus-L 5.53 5.37 5.77 5.56
Mean 4,14 4,16 4,28

R C RxC

S.Em + 0.10 0.15 0. 27

C.De at 5% S 0, 44 N.S5.

Table 4.39b Test weight of seeds (in g of 100 seeds) of winter
crops under different methods of crop establishment
and management, Field Experiment No.l (1985-86)

Previous crops (R)

Particulars Sole MW 10 Sole Swarna Intercrop Mean
of winter (M) (s) (S+M)
crops (C) (Conventic- (Paira cropping)

nal tillage)

Linseed 0.51 0. 50 0.52 0.51

Peas 7.04 7.08 7.22 7.11

lentil 1.71 1.68 1.68 1.69

lathyrus-N 5.76 £.56 5.70 5.67

Lathyrus-L 5. 54 5.36 5.76 5.55

- Mean 4,11 4,04 4,18

| R C RXC

S.Em + 0.90 C.19 0.34

C.D, at 5% N.S. 0.55 N.S.
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Table 4,39¢c Test weight of seeds (in g of 100 seeds) of winter
crops under different methods of crop establishment
and management at harvest, Field Experiment No.1l

(1986-87)

Previous crops (R)
Particulars sole MW 10 3ole swarna Intercrop Mean
of winter (M) (s) (S4M)
crops (C)

(Conventio- (Paira cropping)
nal tillage)

Linseed 0. 54 0.52 0.51 0.52
Peas 7.21 7.32 7.18 7.24
Lentil 1.71 1.64 1.68 1.68
Iathyrus-N 5,67 5.78 5,53 5.66
lathyrus-L 5.67 5. 59 5.62 5.63
Mean 4,16 4,17 4,10
R C RxC
S.Em + 0,07 C. 06 0.10

C.D. at 5% N.S

%
)
O
.
[
©

N.Se
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In 1984-85, crops established under conventional method
recorded significantly higher grain yield (1824 kg / ha) than
under paira cropping, following intercropped rice (1625 kg / ha).
The later treatment on the other hand, provided significantly
higher grain yield than those recorded unéer paira cropping
following the sole crop of 'Swarna‘' rice, Different érops
followed similar type of variation and so the interaction
between crops and methods of establishment was not significant.
Nirmal variety of lathyrus recorded the highest ¢grain yield
{2028 kg / ha) closely followed by Lathyrus (local). The lowest
grain yield (1170 kg / ha) was recorded in linseed but it's

difference with lentil was not significant.

In 1985-86 also similar trend of variations between
‘treatments was recorded, although the differences due to the
variations in methods of crop establishment were not significant,
Nirmal variety of lathyrus which matured 10 days latér, yielded
the maximum (1956 kg / ha) and it was significantly more than
the local variety (1718 kg / ha). But there was no significant
Eifference in grain yield between peas and lLathyrus (local).
Although, the lowest grain yield was recorded in linseed (1003
kg / ha) but its difference with lentil (1086 kg / ha) was not

significant,

In 1986-87, the trend of variation in results were
very similar to that of 1984-85; conventional method of crop
éstablishment showed the maximum yield, closely followed by

&he treatment where the crops were established after paixa
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Table 4,40a Productivity of winter crops under different
methods of crop establishment and management
in kg / ha, Field Experiment No.l (1984-85)

Previous crops (R)

Particulars Sole MW 10 Sole swarna Intercrop Mean
of winter (M) {(s) (S+M)
i crops (C) (Conventio- (Paira cropping)

nal tillage)

.. o -

Linseed 1354 1004 1151 1170
 peas 1739 1497 1678 1638
 Lentil 1504 1121 1347 1324

1A thyrus-N 2305 1858 1922 2028

1athyrus-L 2217 1738 2028 1994

Mean 1824 1444 1625

R o RXC
S.Em + 38.5 80.9 140.2
C.D. at 5% 151.1 236,1 N.S.
C.V. % 9.2 14.9

Table 4,40b Productivity of winter crops under different methods
of crop establishment and management in kg / ha,
Field Experiment No.l (1985-86)

| Previous <¢rops (R)

‘Particulars Sole MW 10 Sole Swarna Intercrop Mean
of winter (M) (8) (S+M)

crops (C)

(Conventio- (Paira cropping)
nal tillage)

.

Linseed 1226 853 929 1003
peas 1928 1837 1852 1872
Lentil 1209 962 1087 1086
1athyrus-N 2173 1787 1908 1956
lathyrus-L 1724 1692 1737 1718
'Mean 1652 1426 1503
| R c RXC
S.Em + 83.2 54,0 93.5
C.D. at 5% N.S. 157.6 N.G .

CVe % 21.1 10,6




Table 4,.40c Productivity of winter crops under different
methods ©f crop establishment and management

in kg / ha, Field Experiment No.l (1986-87)

Previous crops (R)
pParticulars Sole MW 10 Sole Swarna Intercrop Mean
of winter (M) (3) (S+M)
crops (C)

({Conventio- (Paira cropping)
nal tillage)

Linseed 1088 870 948 969

Peas 1706 1428 1684 1606

Lentil 1173 946 950 1023

lathyrus =N 1850 1702 1883 1812

IAthyrus~L 1814 1613 1831 1753
Mean 1526 1312 14595

R C RXC

S.Em + 29.4 52.8 91.5

C.D, at 5% 115.4 154.1 N.S.

C.V. % 8.0 11.1
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cropping following intercropped rice., The crop established
after paira cropping following the sole crop of *'Swarna' gave
the lowest yield. Nirmal variety of lathyrus gave significantly
the hichest grain yield\(1812 kg / ha) closely followed by
local variety of Iathyrus (1753 kg / ha). But no significant
difference in grain yield was observed between peas (1606

kg / ha) and lathyrus (local). Though the lowest grain yield
(969 kg / ha) was recorded in linseed but it did not differ
significantly with lentil yield (1023 kg / ha). The inter-
iaction between different methods of crop establishment and crops
was not significant, indicating thereby that all the crops

?behaved similarly when established differently.

?.4.2.7 Monetary evaluation of productivity in Rs / ha

The monetary values of the productivity of different
crops were calculated and their valuation in terms of Rs / ha
have been summarised in Tables 4.41la, 4.41b and 4.41lc in

198485, 1985~86 and 1986-87, respectively.

In 1984-85, under conventional method of crop establish-
hent the highest valuation in Rs / ha (Rs.6182) was recorded.
Tbe lowest productivity in Rs / ha (Rs.4885) was recorded under
paira cropping following sole crop of 'sSwarna' rice and it was
significantly lower than the crops established under paira
cropping following the ‘'intercropped rice', Amonget crops,
$ignificantly the highest valuaﬁian in Rs / ha (Rs.6964) was

kecorded in peas and the lowest (Rs.4886 / ha) was recorded in

local variety of lathyrus, The difference in the valuation

|
|
|
|
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Table 4.,4la Evaluation of winter croos under different methods
of crop establishmeni and management in Rs / ha,
Field Experiment No.l (1984-85)
Previous crops (R)
Particulars Sole MW 10 Sole Swarna Intercrop Mean
of winter (M) (s) (s+M)
crops (C) (Conventio- (Paira croppring)
nal tillage)
Linseed 6497 4820 5527 5615
Peas 7393 6365 7134 6964
Lentil 5943 4429 5322 5231
IAthyrus-N 5647 4553 4708 4969
Lathyrus-IL 5432 4258 4969 4886
Mean 6182 4885 5532
R c RxC
S.Em + 133.9 143.0 247.7
C.D. at 5% 525.5 417.5 N.3.
CoVe % 9.4 7.8

Table 4,41Db

Evaluation of winter crops under different methods

of crop establishment and management in Rs / ha,
Field Experiment No.1l (1985-86)

Previous crops (R)

pParticulars Sole MW 10 sole swarna Intercrop Mean
of winter (M) (5) (S+M)
crops (C) (Conventio- (Paira cropping)
nal tillage)
Linseed 5884 4093 4455 4811
Peas 8195 7807 7872 7958
Lentil 4775 3799 4292 4289
1athyrus-n 5324 4377 4674 4792
Lathyrus-L 4224 4146 4254 4208
Mean 5680 4844 5109
R C RXC
S.Em + 313.3 203.2 351.9
C.D. at 5% N.S. 593.1 N.S.
C.V. % 23.3 11.7
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 of the productivity of two varieties of lathyrus was riot signi-

ficant. The valuation of lirseed and lentil was statistically
at nar. The interaction between different methods of crop

estapblishment and crops was not significant.

In 1985-86, variations in the valuation of the crop
yield followed similar trend as in 1984-85, although the differ-~
ences due to methods of establishmert were not significant,
Peag, as in the previocus year recorded the maximum valuation.

The valuation of the produce in Rs / ha (Rs.4208) from lathyrus

(local) was as good as lentil and lathyrus (Nirmal). Again, no

significant difference in valuation of crop yield was observed

‘amongst linseed, lentil and lathyrus (Nirmal). Interaction

between different methods of establishment and crops was not

significant,

In 1986-87, conventional method of crop establishment
as in previous years recorded the hichest valuaticn of pro-

ductivity in Rs / ha (Rs.5217 ) which was sicnificantly superior

to the valuation of the productivity in Rs / ha (Rs.4422)

recorded in paira method of crop establishment following sole

‘Swarna' rice but not with paira method of crop establishment
follcwed in intercropped rice plects. Again, the cifference in
the valuation of productivity in Rs / ha was not significant
between two treatments under paira method of crop establishment.

Aamongst crops, significantly the hicghest valuation of producti-

vity in Rs / ha (Rs.6827) was obtaired in peas. Though the

lowest productivity in Rs / ha (Rs.4042) was recorded in lentil



163

Table 4,41c Evaluation of winter crops under different methods
of crop establishment and management in Rs / ha,

Field Experiment No., 1 (1986-87)

i Previous crops (R)
. Particulars Sole MW 10 50le Swarna Intercrop Mean
- of winter (M) (s) (S+M)

crops (C)

(Conventio=- (Paira cropping)
nal tillage)

1 Linseed 5221 4177 4549 4649
peas 7251 6071 7159 6827
- Lentil 4635 3737 3754 4042
Lathyrus-N 4533 4171 4613 4439
lathyrus-L 4445 3952 4486 4294
Mean 5217 4422 4912
R c RxC
S.Em + - 126.8 110.8 191.9
C.D. at 5% 497.8 323.4 N.S.

C.V. % 10.1 6.9
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but it did not differ significantly with Lathyrus (local),
Again no si¢nificant difference was observed between linseed
and lathyrus (Nirmal) and between lathyrus varieties. The
interaction between different methods of crop establishment

and cropg was alsc not sicnificant.

4.4.2.8 Evaluation of productivity in terms of Energy
output MJ / ha

Grain yielés in kg / ha of different Ccrops were cone
verted into energy output in terms of MJ / ha by multiplying
the energy unit equivalent to each kg of seeds ©f respective
crops and have been presented in Tables 4,423, 4.42b and 4.42¢

for the years 1984-85, 1985-86 and 1986-87, respectively.

In 1984-85, crops raised under conventioral method
of crop establishment showed the hichest productivity in
terms of energy output in MJ / ha (MJ 29603 ) than those
recorded in two treatments under paira cropping and the
lowest (MJ 23295 / ha) was recorded in treatment under paira
. cropping fellowing sole crop of late maturing ‘'Swarna’ rice,
Though the hicghest prcductivity in terms of energy output in
MJ / ha (MJ 29821) was recorded in Nirmal variety of lathyrus
but the differences amongst lathyrus varieties and linseed
were statistically at par. Lentil recorded significantly the
lowest productivity in terms of energy output in MJ / ha
(MJ 19469) than rest of the crops. Interaction between crops
and methods of crop establishment was significant. In all the

crops , under conventional method of crop establishment only,
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higher productivity in terms of energy was observed thar those
under pailra cropping but the differences in all the Crops were
significant onlijhen compared with the paira cropoing follow-
ing sole crop of ‘swarra’ rice and in case of linseed and

- Iathyrus (Nirmal) when compared with the paira cropping
following intercrop of rice varieties., Again, higher producti-
vity in terms of enercy cutput were observed in all the crops,
raised under paira cropping following the intercrop of rice
varieties than those observed in paira cropping following

'‘swarrna' rice but no significant differences were observed in

case of peas and lathyrus (Nimal). <

In 1985-86, methods of crop establishment and interaction
| between methods of crop establishment and crops showed no signi-
ficant difference in productivity in energy output in MJ / ha,
Amongst crops, lathvrus (Nirmal; recorded significantly the
highest productivity in terms of enercy MJ / ha (MJ 28753)

output closely followed by peas; no significant difference was
observed amongst linseed, peas and lathyrus (local). The lowest
productivity in energy output in MJ / ha (MJ 15962) was recorded
in lentil which was sicnificantly lower than those recorded in

rest of the other crons,

In 1986~87, conventional method of crop establishment
showed significantly higher productivity in temms of energy
output in MJ / ha (MJ 24677) than those recorded under paira
cropping following the intercrop of rice varieties. The

later treatment in turn provided significantly higher
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Evaluation of winter crops under different methods
of crop establishment and management in Energy
(MJ) / ha, Field Experiment No,l1 (1984-85)

Particulars
of winter
crops (C)

Previous crops (R)

Sole MW 10 Sole Swarna Intercrop Mean
(M) ()M (S+M)
{Conventio- (Paira cropping)

nal tillage)

Linseed
Peas

Lentil
Iathyrus-N
Iathyrus-L
Mean

33841 25108 28791 29247
25573 22016 24676 24088
22118 16483 19806 19469
33888 27322 28253 29821
32594 25548 29816 29319
29603 23295 26268

R C RXC

S.Em + 678.0 640.1 1109, 3

C.D. at 5% 2661.7 1868, 4 3237.9

C.V. % 10.0 7.3

Table 4,42b

Evaluation of winter crops under different methods
of crop establishment and management in Energy (MJ)/
ha, Field Experiment No.,l (1985-86)

‘particulars
of winter
crops {C)

Previous crops (R) -
Sole MW 10 Sole Swarna Intercrop Mean
(M) (s) (S+H1)

(Conventio~ (Paira cropping)
nal tillage)

Linseed
Peas
Lentil
1athyrus-N
lathyrus-L

Mean

30650 21316 23208 25058
28347 27004 27229 27527
17772 14141 15974 15962
31948 26269 28042 28753
25343 24877 25529 25250
26812 22721 23996
R c RxC
S.Em + 1412.0 892.1 1546.0
C.D. at 5% N.5. 2603,9 N.S.

C.V. % 22.3 10.9
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able 4,42c Evaluation of winter crops under different

methods of crop establishment and management

in Energy (MJ) / ha, Field Zxperiment No.1l

(1986-87)

Previous crops (R)

Particulars Sole MW 10 Sole Swarna Intexcrop Mean
of winter {M) (s) (S+M)
croos (C) {(Conventio- (Paira cropoing)
nal tillage)
Linseed 27192 21758 23692 24214
Peas 25079 20997 24694 23590
Lentil 17248 13906 13970 15041
lathyrus~-N 27195 25024 27680 26633
Iathyrus~L 26671 23711 26916 25766
Mean 24677 21079 23390
R C RxC
S.Em + 550.1 563.7 976.3
C.D. at 5% 2159.6 1645,.4 N.S.

C.V. % 9.2 7.3
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- productivity in terms of enercy than those recorded under

paira cropping following sole crop of ‘Swarna' rice.

Amongst crops, the hichest productivity in terms of
- energy output in MJ / ha (MJ 26633) was recorded in lathyrus
| (Nirmal) but it dié not differ significantly with Lathyrus
(local). The lowest productivity in terms of energy output
was recorded in lentil, No significant difference in energy
output was ocbserved between linseed and peas and between

linseed and Iathyrus (local).

4,4,2,9 Loss of soll moisture through winter crops established

under different methods

It may be recapijlulated that in this experiment crops
were established through conventional tillage after harvesting
of short duration rice 'MW 10' and under paira method of crop
establishment following late maturing sole crop ‘Swarna'’ rice
and in intercropped ‘swarna‘' + 'MW 10' rice. Under paira
method, seeds were sown in standing water and then 24 h after
sowing, the water was drained out. At this time the soil was
saturated and the loss of moisture consisted of percolation
loss, evaporational loss through soil surface and transpira-
tional loss both from standing rice (10 - 12 days before

harvest) and the newly emerged winter crops. -

In 1984-85, upto 60 DAS, crops raised under two treat-
ments under paira cropping system, following sole crop of rice

fSwarna' and intercropped rice 'Swarna + MW 10', showed higher



169

loss of soil moisture than those recorded in crops raised
under conventional method (98 mm) of crop establishment

(Table 4,43a), The'highest loss of soil moisture (684 mm)

' was recorded in treatment under paira cropping following

intercropped rice and it was sionificantly higher than those

(673 mm) recorded under paira cropping following sole crop

" of 'Swarna‘' rice upto 60 DAS., Upto. 105 DAS, similar was

the trend of variation in loss of soil moisture under different

methods of cron establishment,

Amongst Crops, peas caused the highest loss of soil
moisture closely followed by lathyrus (Nirmal) both upto 60
and 105 DAS, Although the lowest amount of loss of soil
moisture was recorded in linseed (472 mm) but it has not
significantly different from lentil (474 mm) upto 60 DAS; the
loss of soil moisture in lathyrus varieties were statistically
at par. Upto 105 DAS, the lowest amount of evapotransmiration

loss of soil moisture was recorded in lentil (559 mm). No

;significant difference was observed between linseed and Lathyrus

(local). Interaction between crops and methods of Ccrop esta-~

blishment was not significant (Table 4.43a ).

In 1985-86 also, similar was the trend of variation

with respect to loss of socil moisture under different methods

‘"of crop establishment as was observed (Table 4.430) in 1984-85;

only the loss of moisture in two treatments under paira cropping

showed no significant difference upto 60 DAS.
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‘Table 4,43a Loss of soil moisture {(mm) in winter crops under
different methods of crop establishment and manage-
ment at O - 60 cm soil depth upto 60 and 105 DAg,
Field Experiment No. 1(1984-85)

Previous crops (R)

‘ Sole MW 10 Sole swarna  Intercrop
Particulars (M) (s) (S+)
of winter . . .

{Conventio- (Paira cropping) Mean
crops (C) nal tillage)

60 105 60 105 60 105 60 105

DAS DAS DAS DAS DAS DAS DAS DAS
Linseed 92 181 658 743 666 768 472 564
Peas 114 194 692 796 697 798 501 596
Lentil 90 178 662 738 670 761 474 559
lathyrus-N 104 190 686 791 694 797 495 593
Iathyrus-L 92 185 668 747 694 781 485 571
Mean 98 186 673 763 684 781

R C RxC

At 60 DAS S.Em + 2.6 3.6 6.2

C.D. at 5% 10,2 10.5 N.3.
At 105 DAS3 S.Em + 3.3 4.5 7.8

' C.D. at 5% 13.0 13.1 N.G.
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Table 4,43b Loss of soil moisture (mm) in winter crops under
different methods of crop establishment and manage~
ment at O -~ 60 cm so0il depth upto 60 and 105 DAS,
Field Experiment No. 1 (1985-86)

Previous crops (R)

Sole MW 10 50le Swarna Intercrop
Particulars (M) (3) (S+M)
of winter . ; \

(Conventio- (Paira cropping) Mean
croos (C) nal tillage)

60 105 60 105 60 105 60 105

DAS DAS DAS DAS DAS DAS DAS DAS
Linseed 89 170 673 749 690 7061 484 560
Peas 108 188 702 787 730 788 513 588
Lentil 93 168 684 744 694 761 490 557
1athyrus=N 101 177 699 768 705 783 502 576
lLathyrus-L 98 173 692 759 695 774 495 568
Mean 98 175 690 762 703 773

R C RxC

At 60 DAS S.Em + 4,8 7.1 12,3

C.D, at 5% 18.8 N.5. N.S.
At 105 DAS  S.Em + 1.4 3.3 5.6

C.D., at 5% 5.5 9.6 N. S.
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Crops showed no significant difference amongst them
in loss of moisture upto 60 DAS; interaction between treat-
ments was also not significant upto 105 DAS; peas reccrded
the highest amount of soil moisture loss (588 mm) and the
lowest was recorded in lentil (557 mm). Between linseed and
lathyrus (local) and between two Lathyrus varieties, no signi-
ficant differences in evapotranspiration loss of soil moisture
were cbserved upto 105 DAS., Interaction between crops and

methods of crop establishment was not significant,

4.4.2.10 Water use efficiency (kg / mm / ha) of winter crops
As discussed earlier in the material and method, the
s0il moisture status were determined at the time of sowing,
at 60 and 105 DAS, gravimetrically, 1In case of paira cropping
seeds were sown 10 - 12 days before the harvest of rice, and
the water was drained out 24 h after sowing., About 60 % of
the total rainfall (34.3 mm in 1984-85 and 15,3 mm in 1985-86)
received during the growth period, was added to soil moisture
loss, also. As such, the water present in the soil at the
time of sowing can be classified as molisture at saturated
level, which might have been lost through percclation, trans-
piration from the rice crop (10 - 12 days before harvest) and
from the seedlings of winter crops, in addition to the loss
of moisture from soil sufface through evaporation. In case
of establishment of crop under conventional tillage, the
isowing was done when the soil moisture status was near ‘field

- capacity'.
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As reported in the earlier chapter the soil water loss

through crops was appreciably higher under pnaira croﬁping
than those established under conventional tillags. Even when
the crop was established as a paira crop, the soil moisture
loss was more (Table 4,44) in the crops following mixed crop
'Swarna + MW 10' of rice than those fcllowing the sole croo of
;’Swarna‘ rice. Quite possible blank spaces left after the
harvesting of early maturing variety (MW 10), aggravated evapo-

rational loss.

The water use efficiency calculated on the basis of
loss of soil moisture recorded upto 105 DA3Z, was appreciably
"high where the crop was established under conventicnal tillage.
This indicated that the moisture conserved in the soil profile,
through the light soil mulch spread cver (under conventional
tillace mulch) was best utilized for crép production. On the
other hand, under paira cropping, without mulch the water use
efficiency was much lower than that was recorded under conven-
tional tillage; this might be due to the fact that the loss of
soil moisture under paira cropping was much higher than conven-

tional tillage,

Peas and lathyrus varieties because of their quick
ground coverage, high‘yield and high soil moisture utilisation,
showed high water use efficiency both under paira cropping
as well as under conventional tillage. Lathyrus always showed
an edge over peas which on the other hand showed better soil mois-
ture utilization for productive purpose than lentil and linseed

(Table 4.44).
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Table 4.44 water use efficiency (kg / mm / ha) of winter crops
under different methods of crop establishment and
mamgement calculated from the loss of soll moisture
recorded upto 105 DAS, Field Experiment No.1l (1984-85
and 1985-86)

e Previous croos (R) L
sole MW 10 Sole swarna Intercrop
(M) (s) (S+M)

Particulars

of winter (Conventional (Paira cropping)

crops (C) tillage) o ~ o

1984 1985 Mean 1984 1985 Mean 1984 1985 Mean
-85 -86 -85 -86 -85 -86

Linseed 7.48 7.21 7.35 1.35 1.14 1.25 1.50 1.22 1.36

Peas 8.96 10,26 9,61 1.88 2.33 2.11 2,10 2.35 2,23

Lentil 8.45 7.20 7.83 1.52 1.29 1,41 1.77 1.43 1.60

L1Aathyrus-N 12.13 12,28 12,21 2.35 2,33 2.34 2.41 2,44 2,43

lathyrus-L 11.98 9,97 10,98 2,33 2.23 2.28 2.80 2,24 2,42

e <. oAt el s AN D o il nerm

e
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4,5 Field Experiment No.2
Studies on the nerformance of winter crops established
as paira crop with and without pre-sowing treated seeds and

fertilizer, following a late maturing variety of rice,

The experiment was carried out with the objective of
assessing the productivity of winter croos after rice crop under

different doges of fertilizer and seed treatments.

4,5,1 Productivity cf rice

The productivity of rice variety ‘*Swarna’ ranged
(Table 4,45) from 5057 to 5473 kg / ha in 198485, The producti-
vity of rice, which was adequately fextilized, and followed
different winter crops managed differently in subsequent years
(1985-86 and 1986-87), did not differ significantly and the
yields ranged from 4871 to 5373 kg / ha in 1985-86 and from

5283 to 5405 kg / ha in 1986-87.

4,5,2 Productivity of winter crops
4,5.2.1 stand establishment

The plant population / m2 of winter crops, at 45 DAS
and at harvest were recorded in all the three years of experi=-
mentation., The mean number of nlant population / m2 along with
their statistical analysis have been summarised in Table 4,46a,

4,.46b and 4.46c in 1984-85, 1985=86 and 1986-87, respectively.

As usual in 1984-85, significant differences in »nlant
population / m2 at harvest were observed, only amongst Ccrops,

may be because of their differences in seed sizes. This
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Table 4.45 The productivity of rice (in kg / ha) in nlots to
be sown under paira cropping with wirter crons,

Field Experiment No.Z.

Particulaxs of main Yields (kg / ha)

| .
plots to ke sown - £ _a
with winter crops 198485 1985-86 1986~87

1. To be relayed with Lingeed 5057 4871 5300

+2923

2. To be relayed with peas 5268 5373 5361
+3043

3. To be relayed with lentil 5473 5078 5326
+2450

4, To be relayed with Zathyrus
(Nirmal) 5306 5044 5405
+2373

5., To be relayed with lathyrus

(Tocal) 5159 4968 5283

+2309
S.Em + 143.1 78. 2
C.D. at 5 % N.E. N.S.

CoVe % 9,78 5,07
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difference was also significant at 45 DAS. Linseed recorded

the highest number of nlant populati@n'/ m2 (137 and 133 at

45 DAS and at harvest, respectively) and the lowest (28 and 27

at 45 DAS and at harvest, resnectively) was recorded in neas.

iNo significant difference was observed in between lathyrus
&arieties. With regard to seed treatment no significant
difference was observed at 45 DAS and at harvest in the stand
éstablishment. Only at 45 DAS mean effect of the application

of fertilizer (top dressing) showed very narrow but significantly
higher plant population / m2 (64) than those recorded in plots
iaised without top dressing (63). The interaction between Ccrops
and seed treatment was not significant. The interaction between
cropsand fertilizer application was significant only at 45 DAS:
s0 was the case of interaction between seed treatment and ferti-
lizer application., The interaction between Ccrops, seed treatment
and fertilizer application was also significant at 45 -DAS but not
at harvest. Top dressing of fertilizer slightly depressed popu-
lation / m2 in peas but not in others, The differences were
bowever, very small and at the time of harvest none of the

differences were statistically significant.

In 1985-86 also, the differences in plant population /
m2 were significant only between crops both at 45 DAS as well as
at harvest., The small seeded crop, linseed recorded the highest

2

number of plants per unit area (136 / m” at harvest) as against

only 34 plants / m? in case of lathyrus varieties.

. ;2
In 1986-87, like previous years plant population / m

amongst different crops showed significant difference and the
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Table 4.46a Effect of seed treatment and fertilizer anplication
. ;2 . I

on plant nopulation / m~ of winter crops, establi-

shed as paira crop at 45 DAS and at harvest, Fleld

\ Experiment No.2 {1984-85)

<3 ( 3
Winter crops (C) ( Seed treatment (5)

Fertilizer Treated Untreated Mean
ievel (F) 45 At har- 45 At har- 45 At har-
AS west DAS  vest DAS wvest
‘Linseed FO 132 130 136 132 134 131
™ " 3 [
E2O+P4O 140 , 135, 138 134 139 1358
Mean 136 133 137 132 137 133
2eas FO 26 26 29 27 28 27
F20+F4O 28 27 26 26 27 27
Mean 27 27 28 27 28 27
Lentil FO 777 75 78 74 77 75
F26+F4O 84 7€ 81 73 83 76
Mean 81 77 80 74 80 76
lathyrus-KN FO 36 33 36 34 36 34
Enl Y r:\
E20+r40 36 35 37 35 37 35
Mean 36 34 37 38 37 35
Iathyrus-L FO 38 37 37 36 38 37
) » 3 3 g 3
F20+r40 37 34 35 34 36 24
Mean 38 36 36 35 37 36
rertilizer FO 62 60 63 61 63 61
F20+F4O 65 62 63 60 64 61
Grand mean 64 61 63 61
C 3 13 Cxs CxFpr SXF CXSXF
At 45 DAS
Se Em + 0.9 2.1 0.3 4.8 0.6 C. 4 0.8
c.D., at 5% 2.9 N,c&. 0.9 N.S. 1.7 1.2 2.3

At harvest
S.Em + 0.9 1.1 0.5 2.5 1.C 0,6 1.4

C.D. 2t 5% 2.9 N.S5e N.So Nebe NeSe NS, NeSe
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Table 4.46b Effect of seed treatment and fertilizer application
on plant population / m¢ of wirter crops, establishe-
ed as paira crop at 45 TAs and at harvest, Field

Experiment No.2 (19€5-86 )

Winter crops (C) Seed treatment (S)
f:g;il%??r Treated Untreated Mean
: 45 At har-= 45 At har- 45 At har-
DAS vest LAS vest DAS vest
Linseed F, 142 136 141 138 142 137
F20+F4O 150 143 131 127 141 135
Mean 146 140 136 133 142 136
peas Fy, 29 26 28 26 29 26
: I
FZO+F4O 28 5 31 27 30 26
Mean 29 26 30 27 30 26
Lentil FO 78 75 78 77 78 76
| 5 .
F20+F4O 79 77 73 72 76 5
Mean 79 76 76 75 77 76
A thyrus =N FO 37 35 37 33 37 34
<
F2O+F4O 35 34 34 31 35 33
Mean 36 35 36 32 36 34
Lathyrus-L  F, 33 33 35 35 34 34
i 35 4
F20+F4O 34 33 38 35 36 3
Mean 34 33 37 35 35 34
Fertilizer Fo 64 61 64 62 64 62
F20+F40 65 62 61 58 63 60
Grand mean 65 62 63 60
C S F CxSs CxXF SXF Cx3x¥
At 45 DAS
S.BEm + 1.4 1.2 C. 6 2.6 1.4 0.9 2.0
H CQD. at 5% 406 N.SO NQS. N-Sa NCS. N.So I\?'Sc
At harvest
. SL.Em + 1.3 0.8 O, 7 1.8 1.6 1.0 2.3

C.D. at 5% 4,2 N.S., NS, NeS e NS No S N,S.
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2 2

significantly highest plant population / m“ (137 and 134 / m
at 45 DAS and at harvest, respectively) was observed in linseed
and the lowest (27 and 2@h{’at45 DAs and at harvest, respectively)
was recorded in peas (Plate 5)., 3eed treatment adversely affec-
ted the stand establishment of linseed but in other crops it
slightly improved, particularly lentil and peas; the interace

tion between crops and seed treatment was significant;/ similarly,
fertilizer application slightly increased the number of plants

per unit area in case of linseed but in other cases it caused

bit of reduction,

Thus, from the three years data it appears that seed
treatment and fertilizer application did not cause any major

effect on the stand establishment of the crons.

4,5.2,2 shoot dry matter accumulation / m?

shoot dry ma tter accumulation / m2 recorded in three
consecutive years of experimentation at 90 DAS have been summa-
rised in Tables 4.47a, 4.47b apd 4.47c in 1984-85, 1985-86 and

1986-87, respectively.

In 1984-85, peas recorded the highest shoot dry matter
accumulation / m2 (706 g) than all other crops., The lowest
shoot dry matter accumulation / m2 (297 g) was recorded in
linseed which was significantly lower than other crops. Again
no significant difference was observed in between lathyrus
varieties, Application of fertilizer as top dressing produced
significantly higher shoot dry matter accumulation / m2 (596 g)

in crops than those (512 g) grown without fertilizer top
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Table 4,46c Effect of seed treatment and fertilizer application
. 2 . . a s

on plant population / m® in winter crops, establi-

shed as paira crop at 45 DA3 and at harvest, Field

Experiment No.2 (1986-87

3 S wd ; a e H :'_
" Winter crops (C) seed treatment (5)

Fertilizer Treated Intreated Mean
level (F) 45 At har- 45 At har- 45 At har-
DAS wvest DAS vest DAS vwvest
Linseed FO 128 124 138 134 133 129
F20+F4O 129 126 153 150 141 138
Mean 129 125 146 142 137 134
Peas FO 30 28 22 21 26 25
c
F20+F4O 28 27 27 25 28 26
Mean 29 28 25 23 27 26
Lentil FO 777 75 67 64 72 70
F2O+’:‘40 81 78 64 63 73 71
Mean 79 77 86 64 73 71
Lathyrus-N FO 37 36 36 35 37 36
F20+F40 33 32 34 33 34 33
Mean 35 34 35 34 36 35
Iathyrus-~L FO 38 37 35 33 37 35
F20+F4O 33 32 32 31 33
Mean 36 35 34 32 35 34
Fertilizer FO 62 60 60 57 61 59
F20+F4O 61 59 62 60 62 6C
Grand mean 62 60 61 59
C S P CXS CX¥ SXF CXSXF
At 45 DAS
SebBm + 1.3 1.1 0.9 2. 2.1 1.3 2.9
C. D. 81’: 5‘;’{1 4. d ;.\}. ::3 » I\I. S. - N.u.). 1\3050 No S.
At harvest
S.Em + 1,3 1.0 1,0 243 2.2 1.4 3.1
C.L. at 5% 4,2 N, . NeSa 9. . N.,S . N.S.
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Lifect of seed treatment and fertilizer apnlicatia

.2 L
cn shoct dry matter accumulation (g 7/ m™) of inter-

crenes, estaolished as naira crop following rice at

SC AS, Fleld Experiment No,2 (1984-85)

Seed treatment (5)

Fertilizer

Winter crops (C)

L~ Peacg i Ny- W M
level (F) Llrﬂ’ Lentil ;atn{ La?kg ean
seed rus-N rus-i
Seeds FO 254 682 EQ2 627 €©2C 5836
treated
F20+F4O 367 771 578 749 €73 629
Mean 311 727 54¢ 686 649 553
Cerds Pb 235 650 434 614 502 488
untreated
F. . +F, 328 719 494 639 631 562
A E1N
Mean 282 685 464 627 570 525
Fertilizer Fo 245 6606 468 6le 565 512
(Mean ) ’
F20+F4O 348 745 536 694 655 596
Grand mean 297 706 502 657 610
C S F Cxs CxF SX¥ CXSXF
S.Em + 14.4 16,3 8,0 36,5 17.8 11.3 25,2
C. ., at 5% 47.0 NelZa 23.3 NeSe N.So Ne s NeSe
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dressing (Plate 6). seed treatment and all other interactions

did not show any significant difference between treatments.

In 1985-86, the highest shoot dry matter accumula-~
‘tion / m2 (817 g) was recorded in peas and the lowest shoot
dry matter accumulation / m2 (316 g) was recorded in linseed
which was significantly lower than all other crops. Crops
faised from treated seeds significantly increased the dry
ma tter accumulation / m2 to the tune of 19,5 % than those from
untreated seeds. Top dressing with fertilizer also produced

2 (619 g)

significantly higher shoot dry matter accumulation / m
than those recorded in crops raised with no top dressing (496 g).
This amounted to 25 % increase in shoot dry weight, Maximum
increase (about 33 %) was recorded in linseed, None of the
interactions was significant. 1In 1986-87, similar was the

trend of variation amongst different crops in respect of shoot
dry matter accumulation / m2 as was observed in 1985-86, Highest
shoot dry matter accumulation / m2 (631 g) was recorded in peas
¢losely followed (599 g / m?) by Lathyrus (Nirmal) and the lowest
(272 g) was recorded in linseed which was significantly lower
than the rest of the crops. Again, no significant difference

in shoot dry matter accumulation / m2 was observed between
lLathyrus varieties. sSignificantly higher shoot dry matter / m2
(523 g) was recorded in crops raised from treated seeds than
éhose (462g)from untreated seeds., Similarly, crops top dressed

with fertilizer showed significantly higher dry matter accumu-

lation / m? (548 g) than those (437 g) raised without top
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Taple 4,470L Zffect of seed wreatment and fertilizer application
on shoot dry matter accumulation (¢ / mz) of
winter crons, estaplished as paira cron following

rice at 90 DAS, Field Experiment No.2Z (1985-86)

Seed treoatment (5) Winter crops (C)
Fertilizer Lin- Peas  Lentil Iathy- Iathy- Mean
level (F) seed rTus =N ruseIL
Seeds FO 280 820 485 568 572 £45
treatad

PZO+F4U 41C 987 591 701 649 668

Mean 345 904 538 635 611 607
Seeds FO 239 527 403 450 483 446
untrea ted

F. +F, 333 830 4990 576 617 569

Z2C 40

rean 286 729 447 528 550 508
Fertilizer FO 260 724 444 524 528 496
{mean)

:20+F40 372 909 541 639 633 619
Grand maan 316 817 493 582 581

C ) F Cxs Cx¥ SXF CXS XF
J.Em + 36,2 19.7 12.5 44,2 28,0 1747 39,6

C.D. at 5% 118.1 77.3 36,3 Nele e S e N. S, N.S.




Taple 4.,47c¢

Zifect of gseed treatment and fe

on shoot dry matter accumulatic

crons, ectaplished as naira cre
g

Q0 I)AS'

Field Experiment No.2 (

Seed treatment (S)

Winter cr

Fertilizer Lin- Peas Lentil
level (F) seed
Seeds FO 230 611 383
treated
+E 332 721 516
25 T 40
Mean 282 666 450
serds P 205 554 310
untrea ted ~
F20+F40 318 635 441
Mean 262 595 376
Fertilizer FO 218 583 347
{Mean )
» 4
F20+L4O 326 678 79
Grand mean 272 £31 413
C S F Cx5
Se B + 19,2 15.4 Be Y 34.4
C.,D., at 5% 62,6 60. 5 25.9 Ne i,




Plate

Photographs of Pe
lln'e»u crop at £
method in 1984=85

1S crop at pod fo:wipg and
2ring stage under paira
pasbe

Peas crop raised from pre-sowing chemically

treated seeds with fertilizers top dressing,

Linseed crop raised from pre-sowing chemically
treated seeds with fertilizer top dressing.
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dressing of fertilizer. The mean increments due to seed treat-
ment and fertilizer application were 13 and 25 per cent res-

pectively; linseed showed the maximum advantage.

4.5.2.3 Root dry weight / core sampler (i.e. in 578 c.c.
of soil)

Root dry weights per core sample in mg were determined
from four soil depths at intervals of 15 cm, on 60 and 105 DAS

in 1984-35 and 1985-86,

In 1984-85, at O -~ 15 cm soil depth, the highest root
dry weight (149.5 and 186.8 mg / 578 c.c. of soil core at 60
and 105 DAS, respectively) was observed in peas. At 60 DAS,
ﬁowever, there was no significant difference between the root
dry weights of two Lathyrus varieties., The lowest root dry
weights (108.5 and 149.6 mg / 578 c.c. of soil core at 60 and
105 Das, respectiveiy) were recorded in linseed both on 60 and
105 DAs. Crops raised from treated seeds showed significantly
@igher root dry weights than those recorded in crops raised
from untreated seeds both at 60 and 105 DAS, The mean increment:
ranged from 5 to 8.7 % . Top dressing of fertilizer also increa.
#ed root dry weight and the mean increments were 14 % at 60 DAS
énd 8.9 % at 105 DAs. As uéual, the increase due to top dress-—
ing of fertilizer was more in linseed than in other leguminous
&rops (56 and 11 % increase at 60 and 105 DAS, respectively).
ihe interactions between different factors were, however, not

significant (Table 4.48a).
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Table 4,48a Zffect of seed treatment ard fertilizer application
on root dry matter production in 578 c.c. of soil
in winter crcns, established as naira cron at O -
15 cm denth on 60 and 105 DAS in mg, Field

Experiment No,2 {1984-85)

Winter crons (C) Seed t;eatment ()

Fertilizer Trea ted Uhtreated Mean
level (F) 60 1058 60 105 60 105
DAS DAS DAS DAS TAS DAS
Linseed FO 91.8 146,2 77.5 137.3 84,7 141.8
FZO+F4O 133.7 156.4 130.7 156,.,4 132.2 157.4
Mean 112,8 152.3 104,1 146,9 108.5 149.6
Peas FO 152.3 184,7 138,4 172.0 145.,4 178.4
F20+F4O 157.2 201.3 149.9 188.,8 153.6 195.1
Mean 154,.,8 193,00 144.2 180.,4 149.5 186.8
Lentil Fy 132,2 165.2 108,22 161.8 120.2 163.5
F20+F4O 140,00 176.,0 130.,6 171.9 135,3 174,0
Mean 136.1 170.6 119.4 166,99 127.58 168.8
1athyrus =N FO 142.,3 176.6 131,00 166,5 136,7 171.5
F20+F4O 16,0 191.5 140.4 182.5 148.2 187.,0
Mean 149,2 184,1 135.,7 174,55 142.5 179.3
Lathyrus~L FO 145.,8 172.4 138.8 159.,5 142.3 166,0
F20+F4O 152.,5 185,3 146,0 177.5 149.3 181.4
Mean 149,.2 178.9 142.4 168.5 145.8 173.7
Fertilizer FO 132.9 169,00 118.8 159.4 125.9 164.,3
F20+F40 147.9 182,5 139.5 175.4 143.7 179.0
Grand mean 140.4 175.8 129.2 167.4
C S F Cxs CXF SXF CXS5XF
At 60 DAS
Seam + 2.27 2,08 1.40 4,65 2¢23 1. 40 2. 23

C.D., at 5% 7.40 8,17 4,07 NeSe N.Se. N.S. NeS.

At 105 DAS
S.Em + 1.97 1.99 1,03 4,47 2.30 1.45 3.25
C.L, at 5% 6,42 7,81 26,99 NeSe NeSe NeSe N.Se
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In 1985-86 also, at O - 15 cm soil depth, peas showed
the highest root dry weight (162.8 and 185,9 mg / 578 c.c. of
soil core at 60 and 105 DAS, respectively) and the lowest
(114.8 and 144,9 mg / 578 c.c. of soil core at 60 and 105 DAS,
respectively) was also, recorded in linseed, At 105 DAS, no
significant difference was observed between linseed and lentil.
Seed treatment and top dressing of the crops with fertilizer
also irncreased root dry weights similar to observation recorded
in 1984-85, Interaction between crops and fertilizer was sing-
nificant at 60 DA3. As usual linseed responded to top dress ing
of fertilizer more than the other crons, particularly when
sampled at 60 DAS. The increase in linseed root weight, due to
fertilizer application, samplad at 60 DAS was to the tune of

37.6 % (Taole 4,48Db).

In 1984-85, at 15 = 30 cm soil depth also peas recorded
the highest root dry weight (43.7 and 59.2 mg / 578 c.c. of soil
core on 60 and 105 DAS, respectively). The lowest root dry
weight (31.5 mg / 578 c.c., of soil core) at 60 DA3 was recorded
in linseed but it did not differ significantly with that of
lentil., Again no significant difference was observed between
iéEQXEEE varieties at 60 DAS. At 105 DAS also linseed showed
the lowest root dry weight (39.1 mg / 578 c.c. of soil core)
which was significantly lower than those recorded in all other
crops. NO significant difference was olserved between lathyrus
varieties at 105 DAS. Seed treatment and top dressing of

fertilizer significantly increased root dry weights in all the



189

Table 4,48b Effect of seed treatment and fertilizer anplication
on root dry matter production in 578 c¢.,c. of scoil in
winter crons, established as paira crop at 0 - 15 cm

depth on 60 and 105 DAS in mg, Field Experiment No.2

(198586 )
Winter crops (C) seed treatment (S)
Fertilizer Treated Untreated Mean
level (F) 50 05 60 105 60 105
DAS DAS DAS DAS DAS DAS
Linseed Py 97.3 139.5 95.9 131.3 96.6 135.4
FyotFuo 136.7 162.3 129.0 146.5 132.9 154.4
Mean 117.0 150.9 112.5 138.9 114.8 144.9
Reas Fo 169.5 187.3 123.0 162.7 146.3 175.0
Fo*F,, 193.5 207.8 165.0 185.5 179.3 196.7
Mean 181.5 197.6 144.0 174.1 162.8 185,9
Lentil F, 112.4 151.1 87.4 131.C 95.9 141.1
F,otF,, 125.7 160.3  90.8 156.8 108.3 158.6
Mean 119.1 155.7 89.1 143.9 104.1 149.9
fathyrus-N  Fg 150.5 167.5 128.5 155.2 139.5 161.4
| F,otF,o 16403 177.1 153.1 166.0 158.7 171.6
Mean 157.4 172.3 140.8 160.6 149.1 166.5
lathyrus-L g 144.0 157.6 114.1 147.5 129.1 152.6
F,*Fyo 155.0 171.6 121.4 161.8 138.2 166.7
Mean 150.0 164.6 117.8 154.7 133.7 159.7
‘Fertilizer F, 134.7 160.6 109.8 145.5 122.3 153.1
| c [ g
| Fo+F,, 155.0 175.8 131.9 163.3 143.5 169.6
‘Grand mean 144,9 168.2 120.9 154.4
| c 5 F  Cxs CxXF  SXF CXSXF
‘At 60 DAS
S.Em + 3.56 4,20 1.73 9.39 3.88 2.45 5.48
C.D. at 5% 11.61 16,49 5,03 N.5. 11.28 N.t.  N.S.
At 105 TAS
S.Em + 1.86 2.50  1.24 5.60 2.77  i.75  3.92

C.D. at 5% 6.07 9.81 3.61 N.Se NeSe N.Se N. S,
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Table 4,49a =ffect of seed treatment and fertilizer anolicaticn
on root dry matter nroduction in 578 c.c. of soil
in winter crope, established as paira crop at 15 -
30 cm denth on 60 and 105 DAS mg, Fileld Zxperiment
No.2 (1984-85)

Winter crops (C) Seed treatment (&)

Fertilizer Treated Untreated Mean
level (F) 60 105 60 105 60 105
DAS DAS DAS TAS DAS DAS
Linseed FO 30.8 38,8 27.3 31.9 29,1 35.9
F20+F40 34,4 44,0 33.1 4G, 5 33.8 42.3
Mean 32.6 41,9 30.2 36.2 31.5 38,1
Peas FO 42,3 57.3 38.8 54, 4 40,6 55.8
, - . c
F20+F4O 47.7 63.9 45,7 61.C 46,7 62.5
Mean 45,0 60,6 42,3 57.7 43,7 59,2
Lentil FO 34,0 43,8 30.7 39.7 32.4 41.8
" o 3 = )
F20+}4O 36,5 46,1 33.5 44,5 35,0 45,3
Mean 38,3 44,9 32.1 42,1 33.7 43,6
lAathyrus-N FO 37.1 52.9 3C.7 47,3 33.9 50.1
4 * *
F20+F4O 43,4 54,2 39,0 48,3 1.2 51.3
Mean 40,3 53.6 34.9 47,8 37.6 5C.7
lathyrus-L FO 39,7 5045 34.7 42,2 37.2 46.4
- 4 * 5 .6
F20+F4O 44.1 53,0 42.3 52.2 3.2 2
Mean 41.9 51.8 33.5 47,2 40, 2 49,5
Fertilizer FO 36,8 48,9 32.4 43,1 34,6 46,0
F204F4O 41,2 52.2 38.7 49,3 40,0 50.8
Grand mean 39,0 50.6 35,6 46,2
C 3 - F CXS CxF SXF CXSXF
At 60 DAS
SeEm + 1.05 0.45 0, 44 1.02 0. 99 0.63 1. 40

C.D. at 5% 3.42 1,77 1.28 N.So N.S. N.lo N.5.

At 105 DAS
Se Bm + 0.99 0,64 0. 60 1.43 1.34 0.85 1.90
C.D. at 5% 3.23 2.51 1.74 NeDe NeSe N.3. NeSe
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crops. None of the interactions between crops, seed treatment

and top dressing of fertilizer were significant (Table 4,49a),

In 1985-86, at 15 - 30 cm scil depth, the highest root
dry weight (46,2 and 55,6 g / 578 c.c. of soil core on 60 and
105 DAgS, respectively) was recorded in neas closely followed
by Nirmal variety of lathyrus, The lowest root dry weight
(28 and 33.9 mg / 578 c.c. of soil core on 60 and 105 DAS, res-
pectively) was recorded in linseed but it did not differ signi-
ficantly from lentil, both at 60 and 105 DAS, No significant
difference was observed in root dry weicht between lathyrus
varieties at 60 DAS. 3Both seed treatment and top dressirg of
fertilizer significantly increased the root dry weichts of the
crops as was recorded in previous year., Interactions between

different factors were, however, not significant (Table 4,459Db).

In 1984~85, at 30 -~ 45 cm scil cdepth, significant
differences in root dry weights were observed amongst different
crops at 60 and 105 DAS. 1t 6C DAS, the hicher root Cry weight
(28.1 mg / 578 c.c. of soll core) was observed in lathyrus
(Nirmal, than those recorded ir all cther crops. The lowest
root dry weight was observed ir linseed but it did not ciffer
significantly from those of lentil and lathyrus (local). At
105 DAS, lathyrus (Nirmal) continued to record the hiéhest
root dry weight (37.3 mg / 578 c.c. of soil core) closely
followed by pneas (35.6 mg / 578 c.c. of soil core)., The lowest
root ¢éry weight (25.1 mg / 578 c.c. of soil core) was recorded

in linseed which was significantly lower than the root dry
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Table 4,49b Effect of seed treatment and fertilizer application
on root dry matter nroduction in %78 c.c., ©of soil
in winter crops, established as pailra crop at 15 -
30 cm depth on 60 and 105 DAs in mg, Field Experi-
ment No, 2 (1985-86)

. seed treatme (s
Winter crops (C) seed treatment (3)

Fertilizer Treated Untreated Mean
level (F) (910 105 60 105 60 105
DAS DAS DAS DAS DAS DAS
Linse«d FO 25,2 32.0 18,6 25,58 21.9 28,8
520+F4O 35.5 44,0 32.5 34,0 34,0 39,0
Mean 30.4 38,0 25,6 29,8 28, C 33.9
Peas FO 45,0 59.8 40,7 46,7 42,9 53.3
o g -1 A 5
rzo.r4o 51.0 51,8 17,9 54,0 49,5 57.9
Mean 48,0 60,8 44,3 50, 4 46, 2 55,6
Lentil FO 26,8 35.4 24,8 32.1 25.8 33.8
r2O+F4O 34.6 43,5 27.1 36,0 30.9 39.8
Mean 30.7 39.5 25.9 34,1 28,4 36.8°
Iathyras =N FO 44,0 58,0 32.4 48,C 38,2 53.0
F20+F4O 43,5 61.3 42,3 54,5 45,4 57.9
Mean 46,3 59,7 37.4 51.3 41.8 55.%5
iathyrus-L FO 4C, 3 47,1 36.2 41,5 38.3 44,3
P o 2 K 3 42, 49,4
r20+b40 46,3 52.0 39.2 46,3 8 9
Mean 43,3 45,6 37.7 44,2 40,6 45,9
Fertilizer FO 36,2 46,4 30.5 38.8 33.4 42,6
] 3 . 45, 40.5 48.8
F20+F4O 43,2 52.5 37.8 5.1 0.5 8
GCrand mean 39,7 49,5 34,2 42,0
C ) F CxXs CxF SXF CXSXF
At 60 DAS
S.EBm + 166 1,26 0. 87 2.81 1.95 1,24 2,76
C.D. at 5% 5.41 4,95 2.53 N.o Nele Nel o Nel oo
At 105 DAS
Se BIN 4 1.00 1,18 075 2.64 1.67 1.06 2.36

C.D. at 5% 3.26 4,63 2.18 NeSoe N.Se NeDoe NoS e
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weichts recorded in all other'crOQS; no significant difference
was observed between lentil and lathyrus (local,). Top dress-

ing of fertilize; significantly increased root dry weight both
-at 60 and 105 DAé l5.7 and 16,4 per cent respectively., Crops
raised from pre-sowing treated seeds, showed increased amourt

cf root dry weight even at 30 - 45 cm soil depth by 7.9 to

13.7 % ; the treatment differences were, however, not significant.
None of the interactions between different factors were found

significant (Table 4.5Ca).

In 1985-86, at 3C - 45 cm soll depth, pneas recorded the
hichest root dry weight (28.3 mg / 578 c.c. of soil core at
60 and 40.6 mg / 578 c.c. of soil core at 105 DAS). It's
differences with lathyrus (Nirmal) were, however, significant
at 105 DAS but not at 60 DAS. At 60 DAS, the lowest root dry
weicht (18.9 / 578 c.c. of soil core) was recorded in linseed
but it did not differ significantly with lentil and Lathyrus
(local). Although, Nirmal variety of lathyrus recorded higher
&oot dry weicht than the local variety of lLathyrus, the differ-
ences between them was, however, not significant, Seed treat-
ment and top dressing of fertilizZer increased root dry weights
significantly both at 60 and at 105 DAS. On an average due to
pre—sowing seed treatment, the incremerts in root dry weights
ranged from 19.9 to 35.6 % . Top dressing of fertilizer caused
12.3 to 23.4 % increases in dry weicht of roots even at 30 =~
45 cm depth. None of the interactions between different growth

factors were significant (Table 4,50Cb).
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Table 4.,50a ZEffect of seed treatment and fertilizer application
on root dry matter production in 578 c.c. of soil
in winter crons, established as maira crop at 30 -
45 cm denth on 6C and 105 DAS in mg, Filield Experi-
ment No.2 {(1984-85)

P—

Winter crons (C) Seaed treatment (5)

Fertilizer Treated Untreated Mean
level (F) 60 105 60 105 60 105
DAS DAS DAS DAS DAS DAS
Linseed Fo 21.4 24.5 19,2 22.1 20,3 23.3
“¥ 1 9 2
FootFry 247 27.5 23.9 26,4  24.3 25.9
Mean 23.1 26,0 21.6 24,3 22.3 25.1
Peas Fy 5.0 34.4 18.8 30.9 21.9 32,7
Footfay 2847 39,4 24,2  37.6 26,5 38.5
Mean 26,9 36,9 21.5 34,3 24,2 35.6
Lentil 7, 22.3  28.0 15.4 25,0 18.9  26.5
Footfyo 23.2  32.5 19.3 30,6 21.3 31.6
Mean 22.8 30.3 17. 4 7.8 20,1 29.1
‘1Aathyrus-N Fq 27.1 36,0 25,8 33.5 26,5 34.8
Foo*tFag 30e3 40,7 28f9 38,6 29f6 39,7
Mean 28,7 38,4 27.4 36,1 28,1 37.3
Lathyrus-L  Fg 21.3 30.7 20.9 27.7 21.1 29.2
: E Y 24 2 - - .
FootFyy 2%2.9  34.8  22.8 32.7 23.9 33.8
Mean 23.1 32,8 21.9 30, 2 22.5 31.5
Fertilizer  Fg 23.4 30,7 20,0 27.8 21.7 29.3
k] ’)C;
j Footfao 26,4 35,0 23.8 33,2 25,1  34.1
‘Grand mean 24,9  32.9 21.9  30.5
c S F CxS CXF SXF CXS XF

At 60 DAS

S.Em + O.74 0,80 O.34 1.80 0.75 0. 48 1,06

C.D. at 5% 2.41 N.3. 0,99 No e N.Ge NeS W NeSe
At 105 DAS

S.Em + .91 0.77 0. 36 1,72 0.80 0. 50 1.13

C.C., at 5% 2.97 N.=. 1.65 N.S. N.S. N.Se. N.S.
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Table 4.50b Effect of seed treatmznt and fertilizer application
on root dry matter »nroduction in 578 c,c. of soil in
winter crops, established as paira crop at 30 - 45
! cm depth on 60 and 105 DAs in mg, Field Experiment
No.2 (1985-86)

Winter crops (C) Seed treatment (&)
Fertilizer Trea ted Untreated Mean
level (F) 60 105 60 105 60 105
DAS DAS DAS DAS DAS DAS
Linssed FO 21.1 30.5 14.0 24,5 17.6 27.5
FZO+F4O 22,9 35.1 17.4 28,0 20.2 31.6
Mean 22,0 32.8 15,7 26,3 18.9 29.6
Peas FO 29,0 41,0 21.3 36. 1 2542 8.6
F20+F40 35,7 46,7 26,9 38.5 31.3 42,6
Mean 32,4 43,9 24,1 37.3 28,3 40.6
Lentil Fq 16,7 25,0 14,0 22.5 15.4  23.8
F20+r40' 24,6 32.5 18.8 25.5 21.7 28,0
Mean 20,7 28,8 16.4 24,0 18,6 26,4
LAthyrus-n FO 26,4 34,8 19,7 30.5 23,1 32.7
N 37,6 3. . 4 34,¢
b20'”4o 31,3 37.0 23.4 32.0 27 3
Mean 28,9 36,2 21.6 31.3 25,3 33.8
Iathyrus-L FO 26,6 32.5 16,1 24,7 21.4 28.56
" it
320+F40 28,6 33,5 22,7 29,0 25,7 31.3
Mean 27.6 33,0 19. 4 26,9 23.6 30.0
Fertilizer FO 24,0 32.8 17.0 27.7 20.5 30.2
F20+F4O 28,6 37.1 21.8 30,6 2543 33.9
Grand m=aan 26,3 35,0 19.4 29.2
C S F Cx3 Cxr SXP CxXSXFE
At 60 DAY
Se.Em + 1.70 1.62 0. 79 3.62 1.77 1.12 2.50
C.D., at 5% 5.54 6.36 2. 30 NeSe N.S. e B e N.S.
At 105 DAS
5.5m + le25 0,75 De 56 1.67 1. 25 0.79 1.76

C.D. at 5% 4,08 2.94 1,63 Nel NeSe NeBa N.S.
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In 1984-85, at 45 - 60 cm soil depth, althouch lathyrus
(Nirmal) showed the highest root dry weight (12.6 mg / 578 c.c.
of s0il core) yet it's difference with peas was not significant
at 60 DAS. But at 105 DAS, peas recorded significantly higher
dry welght of roots ther in Nirmal variety of Iathyrus. The
difference between twc varieties of lathyrus was not significant
poth at 60 and 105 TAS. Linseed and lentil continued to accumu-
late less dry weilghts in roots than other crons., Crops raised
from pre-sowing treated seeds produced significantly hicher
root dry weicht (11.1 mg / 578 c,c., of soil core) than that was
recorded in crops raised from untreated seeds at 60 DAS (9.5 mg /
578 c,c., 0f soill core)., At 105 DAS, no significant difference
in root dry weight‘produgtion was reccrded between the two
pre-~sowing seed treatments, Crops top dressed with fertilizer
showed significantly higher root dry weight (11.1 mg / 578 c.c.
of soll core at 60 DAS and at 105 DAS, 17.6 mg / 578 c.c., of
soil core) than the croos raised without top dressing of ferti-
lizer, 1Interactions petween the growth factors were not signi-

ficant (Table 4.,5la).

In 1985-86, at 45 - 60 cm soil denth, at 60 DAS the
highest root dry weight (16.7 mg / 578 c.c. of soil core) was
recorded in peas and was significantly more than those recorded
in lentil but not in other crops, At 105 DAs, Lathyrus
(Nirmal) shcwed the hichest root dry weight (21.86 mg / 578 c.c.
of soll core) but it was not significantly more than those

recorded in peas and lathyrus (local); the lowest root dry weight
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Tanlz 4,51la Eiffect of seed trsatment and fertilizer application
on root dry matter production in 578 c.,c. of soil
in winter crops, establiszhecd as paira crop at 45 -
60 an depth on 60 and 105 A3 in mg, Field Zxperi-
ment No, 2 (1984-85)

Winter croos (C) Seed treatment (5)

Fertilizer Trea ted Untreated M=an
level (F) 60 105 60 165 60 105
DAS DAS DAS DAS DAS DAS
Linseed FO 8.0 12.4 6.8 11.3 7.4 11.9
. o - ,
FZQ Fa0 9.3 16.3 8.2 15.9 8.8 16.1
Mean 8.7 14,4 7e5 13.6 8.1 14,0
Peas FO 12,3 16,0 9,5 15.2 10.9 15.6
inl hnl " 9]
FootFug 14,4 22,9  12.1 19.5 13,3 21,2
Lentil FO T7¢5 14.6 6.8 il.1 Te 2 12.9
F20+F40 9,3 15.1 7.1 14,3 8.2 15,2
Mean 8.4 5.4 6.9 12.7 7.7 14.1
1athyrus-N FO 12,9 16.1 10.0 14,3 1l1.5 15.2
F2O+F4O 14,4 19.1 12.7 17.0 13.6 18.1
Mearn 13.7 17.6 11. 4 15.7 12.6 16,7
Iathyrus-L FO 11.0 15.2 10.7 14,7 10.9 15,0
. L ) - * .2
F2O+‘4O 1243 18.2 10.9 16,1 11.6 17
Mean 11.7 16,7 1C.8 15.4 11.3 16,1
Pertilizer FO 10,3 14.9 8.8 13.3 9,6 14.1
F ¥ - - .6
:20+h40 11.9 18.5 10. 2 16.6 11.1 17
Grand mean 11.1 16,7 2.5 15.0
C S F CxS Cxr® SXF CXSXF
At 60 DAS

S.Em + C.49 0.33 C. 18 C.75 Q. 40 C. 25 0. 57
C.l. @t 5% 1.60 1,30 Ca52 NeSeo NeiSe NeSo N.3.

At 105 DAS
Se.Em 4+ 0.49 0.83 Ge 29 1.85 O.64 O.41 0.91
O

C.D. at 5?/0 l. 6(3 i\z.t‘;o .84 No L::. 1086 qu;:‘c E\IOES.
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(12.6 mg / 578 c.c., of soil core) was recorded in lentil, which
was sicnificantly lcwer than those recorded in linseed and other
crops., Although plants raised from pre-sowing treated seeds

had higher root dry weights than those raised from untreated
%seeds vet the difference between the seed treatments was not
isignificant. Crops top dressed with fertilizer showed signi-
Eficantly higher root dry weights (14.7 and 19.2 mg / 578 c.c.

zof soil core at 60 and 105 DAS, respectively) than those reccorded
in crops without fertilizer (13.1 and 16,9 mg / 578 c.c. of soil
coré at 60 and 105 DAS, respectively)., Interactions between the

growth factors were not significant (Table 4.51Db).

4,5,2,4 Number of nodules / plant
Number of nodules per plant were counted at 60 DAS, upto

a depth of O - 25 cm secil in 1885-86 and 198687,

In 1985-86, the hicghest number of nodules / plant (174)
was reccrded in lathyrus (Nirmal) which was significantly higher
than those recorded in lentil and lathyrus (local), but statisti-
cally at par with peds, The lowest numnber of nodules / plant
¥91) was recordeéd in lentil which was significantly lower than
%hose recorded in other crops. Although both pre-sowing seed
&reatment and top dressing of fertilizer, slightly increased
the number of nodules / plant, the treatment differences were

not significant (Table 4,52a).

In 1986-87, lathyrus (local) showed the highest number

of nodules / plant (136) very closely followed by Nirmal variety
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Table 4,51b Effect of seed treatment and fertilizer application
on root dry matter production in 578 c,c. of soil
in winter cropns, established as naira crop at 45 =
60 cm depth on 60 and 105 DAS in mg, Fleld Experie
ment No.2 (1985-86)

' Winter crops (C) Seed treatment (J)

Faertilizer Treated Untreated Mean
level (7)) 60 105 60 108 60 105
: DAS DAS DAS DAS DAS DAS
Linseed Py 12.4 14.5 11.8 13.5 12.1  14.0
FZO+F4O 13.9 i7.5 13.7 16,2 13.8 16.9
Feas FO 16.8 Z21.1 14.1 17.C 15.¢8. 19.1
‘ q .
FZO+F4O 18.8 23,0 16.8 2249 17.8 23.0
Mean 17.8 22,1 15.5 20.0 16,7 21.1
Lentil Fq 7.2 12,4 8.0 11,1 7.6 11.8
: - hnd [ fand “ [y ] -
b20+h4o 9‘J 1401 b.l 12..4 8.5 13Q3
Mean 8.4 13.3 8.1 11.8 a8, 2 12.6
Lathyrus-N FO 18,9 23,0 12.1 18,0 15.5 20.5
F 24 o £ . 7.2 2246
F20+r40 17.8 24,0 16 b{ 21l.1 1
Mean 18.4 23,5 14.4 19.6 16.4 21.6
IAathyrus-L FO 16.1 20.8 13.5 17.8 14.8 15.3
™ . ') ] . r . ~
r20+F40 1647 21, C 15.3 20,0 16,0 20.5
Mean 16.4 2063 14.4 18.9 15.4 19.9
Fertilizer FO 14,3 18,4 11.9 15,5 i3.1 16.9
| > - '40 .
| F20+F40 15.3 19,9 14.1 i8.5 14,7 19.2
‘Grand mean 14.8  19.2 13,0 17.0
C 3 r CxSs Cx® SxFP . CXSXFE
At 56C DAS
S.Em + 1e23 1.17 .45 2.01 1.01 0,64 1. 43
C.D. at 5% 4,01 Nel o 1.31 NeS e NeZ e NeSe. NeSa
At 105 DAs
5.Bm + 0.63 0.65 Oe 32 1.45 O.72 O, 46 1. 02
c.D., at 5% 2.05 NeS e 0.93 NeSe NeSe Ne = o oS e
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Effect of
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sead treatment and fertilizer aponlication

on number of ncodules / plant of winter grain legumes,

established as »naira crop following rice at 60 DAS,

Field Experiment .2 (1985-86)

Seed treatment (S)

Wwinter grain legumes

(C)

Fertilizer Peas Lentil 1L1athy- lathy- Mean
level (F) rus =N rusel,
Seeds FO 189 97 187 122 151
treated
- I
F20+14O 165 95 256 144 165
Mean 177 96 227 133 158
seeds FO 114 92 121 149 119
untrea ted “
FootFyo 156 79 120 138 123
Mean 135 86 121 144 121
Fertilizer FO 152 95 159 136 136
(Mean J .
= - 4 4
‘2O+F4O 161 87 188 141 1
Grané mean 156 91 174 139
C ) F CXS CXF SXF CXSxF
S.Em + 8.3 10.2 16.3 20,3 32.6 23,0 46.1
C.T. at 5% 28.7 Nel Ve T o NeSo NeDo Ne S e Ne S
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of lathyrus (128). This year number of nodules / plant in peas
was low. The lowest number of nodules / plant (86) was recorded
in lentil which was significantly lower than others. Effect of
fpre—sowing seed treatment and top dressing of fertilizer showed
no significant differences between the treétments. Interaction
between crops and top dressing of fertilizer was significant,
‘indicating higher number of nodules / plant (146) in ILathyrus
(local) where cron was top cressed with fertilizer. Other

interactions were not found significant (Table 4.52b). |

4,5.2.5 Yield components

4,5.2,5.1 Number of pods or capsules / m2
Pods or capsules / m2 wére counted in all the three

years of experimentation at harvest and these have been pre-

sented in Tables 4,53a, 4.53b and 4,53c in 1984-85, 1985-86

and 1986-87, respectively,

In 1984~85, as expected the differences in the number
of pods or capsules / m2 were significant amongst the crops.
The highest number of onads / m2 (6371) was recorded in lentil
followed by number of capsules / m2 in linseed (2922) and the
aowest number of pods / m2 (822) was recorded in peas which
was significantly lower than those recorded in rest of the
crops. No significant difference in numosr of pods / m2 was

observed between lathyrus varieties. Crops raised from treated

2 (27184)v

seeds produced significantly higher number of pods / m
than those recorded in crops raised from untreated seeds (2512 /

mz). similarly, crops top dressed with fertilizer, produced



Table 4,52b

sffect of sead treatment and fertilizer anplication

on numpber of ncdules / plant of winter grain

legumes, established as naira crom follcwing rice

at 60 Dag, Field Experiment No.2Z (1986-87)
Seed treatment () Winter grain legumes (C)
Fertilizer Peas Lentil Iathy- lathy- Mean
level (F) rus~N rus-I,
ceeds FO 147 77 163 108 124
treated

FootFao 104 87 151 144 122

Mean 126 82 157 126 123
Seeds FO a7 101 97 141 108
untreated |

F20+F40 113 79 1C3 148 111

Mean 105 90 88 145 11C
Fertilizer FO 122 89 128 125 116
(Mean ) .

F ¢ 3 46

F20+ 40 109 8 127 1 11

Granca mean 116 86 128 13¢
C S F Cxs CXF SXF CXSXF
S. Emo + 4,80 5.73 2.75 11.47 5.51 3.89 7.78
C.D. at 54  16.61  N.S5. .S N.S. 16.21 N.C.  N.S.
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Table 4.53a Effect of seed treatment and fertilizer application
v 2 ,

on numoer of pods or capsules / m“ of winter crovs,

established as paira crop following rice at harvest,

Field Experiment No, 2 (1984-85)

Seed treatment (&) Winter crops (C)
Fertilizer Line Peas Lentll Iathy- Lathy- Mean
level (F¥) seead rus-N rus-L
Seeds F 2604 803 6481 1604 1527 2604
Q
treated ‘
F20+F40 3494 935 7043 1667 1680 2964
Mean 3049 869 6762 16386 1604 2784
sSeeds FO 21390 682 5459 1448 1481 2252
untrea ted
¥, _+F 3397 865 6498 1522 1579 2772
20 TAC
Mean 2754 774 5979 1485 1530 2512
Fertilizer FO 2397 743 5970 1526 1504 2428
{(Mean )
FootF, 3446 900 6771 1595 1630 2868
Grand maan 2922 822 6371 1561 1567
) 5 F Cx5 Cx¥ SXF CXoXF
S.,Em + 62.6 44,9 39.3 100.4 87.8 55,6 124.3

C.D., at 5% 204,1 176.3 114.2 NeS. 255.3 Ne.Se Ne S,
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significantly higher number of pods / m?

(2868 ) than those
recorded in crops raised without fertilizer top dressing.
Interaction effect between crops and fertilizer was signifi-
cant., Lentil and linseed produced significantly higher number
1of pPoOds or capsules with fertilizer top dressing than those

recorded in the same crops without fertilizer top dressing.

Other interactions were not significant,

In 1985-86, similar trend of variation in number of
pods or capsules wag obgserved in different Ccrops as was obcerved
in 1984-85, Seed treatment and fertilizer top dressing also
showed similar type of variation as was observed in 1984-85,
interaction petween crops and fertilizer top dressing was found
to be significant. Top dressing of fertilizer caused greater
increase in number of pods or capsules / mz in linseed and

lentil than in other crops.

2 (4759) was

In 1986-87, the hichest number of pods / m
pobserved in lentil and the lowest (688) was recorded in peas
which was significantly lower than in others. Seed treatment
and top dressing of fertilizer showed similar effect as was
observed in previous two years of experimentation. Interaction
between crops and seed treatment was significant, indicating
thereby that the pre-sowing seed treatment increased number of

2

pods or capsules / m° more in linseed (8.7 %) and lentil

K18.4 %) than in Lathyrus (7.2 to 13,5 %) and peas (9 %).

i
i

Similarly the interaction between fertilizer and crops being

significant, it indicated, as in earlier years that top dressing
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Table 4,53b Effect of sced treatment and fertilizer apnlication
1 ’a 2 3
on rumber ©of nods or canpsules / m” of winter crons,
cestablished as naira cron following rice at har-

vest, Field Experirent No.2 (1955-86)

Seed treatment (5) Winter crons (C)
Fertilizer Lin- Peas Lentil Iathy- lathy- Mean
level (F) seed rus-N rus-L
Seeds FO 2215 931 4826 1300 1224 2099
treated

w , 354 173 £8¢2 395

‘20+F40 3541 1173 892 139 1368 2674

Mean 2878 1052 5359 1348 1296 2387
Seeds FO 2022 721 4156 1214 1137 1820
untreated

F. +F 3202 1038 4935 127¢ 125% 2343

20740

Mean 2612 880 4546 1247 1198 2097
Fertilizer FO 2119 826 4491 1257 1181 1978
(Mean)

: o 33 1 4 : 314 2509

F20+P4o 3372 1106 5414 1337 131 250
Crand mean 2745 966 4953 1298 1247

C S F CXS CXF S CXSXE
S.Em + 54,8 38,5 22.7 86,2 50,7 32,0 T71.7
C.De at 5% 178.7 151.3 66,0 New 147.4 Ne S NeSe

. —— i e -
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Table 4,53c =Sffect of seed treatment and fertilizer applimtion
. , 2 .
on number of pods or camsules / m” of winter crops,
established as paira crop following rice, at har-
paird .

vest, Fileld Experiment No.2 (1986-87)

-8 . o s ok N L1 Al L N O A it AN R M ol o A B A A A . ) S Al A i A il A, i PR Sl O A

Sead treatment (5) e W1nter crops (C)
Fertilizer Lin- Peas Lentil 1Aathy- Lathy- Mean
level (F) seed rus-N rus-L
seeds FO 2175 652 4212 1405 1162 1921
traated
F20+F40 3174 782 6105 1592 1576 2646
Mean 2675 717 5159 1499 1369 2284
Seeds T 1822 628 3487 13065 1095 1668
untreated ~
. ) 3 : -
FZO+E4O 3102 687 5231 1489 1316 2365
Mean 2462 658 4359 1398 1206 2017
Fertilizer FO 1999 640 3850 1356 1129 1795
(Mean) 5 446 2506
F 56 54 ' 0
on-u4O 3138 735 5668 1541 1
Grand mean 2569 688 47759 1449 1288
C 5 F CXS CxF SXF CXSXF
Se Em + 15.3 21.9 6,1 49,0 13.5 8.6 19.2

C.D. at 5% 49,9 86,0 17.7 192.4 39.3 N.5. 55.8

e - e A e et Ak S Il A . AV U S A 0 it
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caused greater increacse in pods or capsules / m2 in linseed
(57 %), lentil (47 %) and local variety of Iathyrus (28 %)
than in peas (14.8 %) and Nirmal variety of Iathyrus (13.6 %).
‘The interaction amongst crops, seed treatment and fertilizer
éapplicaticn was alsc significant and this indicated some of
‘the crons e.g. linsead and lentil g@ve the Dbest performance

‘through seed treatment and fertilizer application than others

e.g. lathyrus,.

4,5,2,5.2 Number of seeds / pod or capsule

The number of seeds / pod or capsule were reforded in
dif ferent crops in all the three years of experimentation
which have been summarised in Tables 4.54a, 4,54b and 4, 54c

in 1984-85, 1985-86 ancd 1986-87, respectively.

In all the three years of experimentation, as expected
due to varicus nature and genetical characters of the crops,
significant differences in number of seeds / pod or capsule
were observed amongst the crops. The highest number of seeds /
Capsule was obkserved in linseed and the lowest number of seeds /
éod was observed in lentil which was significantly lower than
ﬁhose recorded in other crops. No significant difference in
ﬁumber of seeds / pod was observed between lathyrus varieties
in all the three years of experinentation. ETffects of seed
£reatment and fertilizer top dressing and the interactions
betweer. different growth factors were not significant in all

the three ycars of experimentation except in 1984 -85 where the
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Table 4,54a Effect of seed treatment and fertilizer application
on number of seeds / pod or capsule of winter crops,
established as paira crop following rice at harvest,

Field Experiment No.2 (1984-85)

g -t 0. . ot s+ e . — i e o
e . - " o s o

Seed tréatmcnt (s) Y Winter crops (Cy
Fertilizer Lin- Peas Lentil Iathy- Lathy- Meéan
level (F) sead rus=N rus=-L
Seeds FO 8.0 5,3 1.9 3.4 3.6 4.4
treated

F20+‘40 8.3 5.6 1.9 3.5 3.6 4,6

Mear 8,2 5.5 1.9 3.5 3.6 4.5
seads FO 7.6 5.4 1.8 3.3 3.5 4.3
untreated

F20+:4O 8.1 5.5 1.9 3.4 3.2 4,4

Mean 7.9 5.5 1.9 3.4 3.4 4.4
Fertilizer FO 7.8 5.4 1.9 3.4 3.6 4.4
(Mean)

F20+L40 8.2 5.6 1.9 3.5 3.4 4,5
Grand mean 8.1 5.5 1.9 3.5 3.5

C S F Cxs CxXF SXF CXSXF
Se.EM + C. 08 0. 07 0,03 0. 15 0.0C5 0.04 0,09

C.D. at 5% 0. 2o N.. 0.09 N.Se 0. 15 Nelo N. oo




Tanle 4,54b

209

Effect of seed treatment and fertilizer application

on number of seeds / pod or capsule of winter crops,

astablished as paira crop following rice - Fleld
pairs

Expreiment No.2 (1985-86)

Seed treatment (3)

- B - - RNION

Winter crons (C)

Fertilizer Lin-  DPeas Lentil Iathy- Lathy- Mean
level (F) sead rus=-N rus-L
Seeds FO 8.8 5.5 1.9 3.6 3.6 4.7
treated
F20+r40 8.8 5.5 1.9 3.7 3.5 4,7
Mean 8.8 5.5 1.9 3.7 3.6 4,7
Seeds F@ 8.3 5.4 1.7 3.5 3.5 4,5
untreated ’
F20+n40 8.7 5.3 1.8 3.3 3.5 4,5
Mean 8.5 5.4 1.8 3.4 3.5 4.5
Fertilizer FO 8.6 5,5 1.8 3.6 3.6 4,6
(Mean )
F20+f4o 8.8 5.4 1.9 3.5 3.5 4,6
Grand mean 8.7 5.5 1.9 3.6 3.5
C S F Cxs CcxF SXF CXSXF
Se. Em + 0, 07 04 09 0,04 0,20 .08 0.05 C.12
C.D. at 5% C. 23 NeS e NeZ e NeZo NeSe NeSe NeSe

O e
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Effect of seed treatment and fertilizer application

on numoer of seeds / pod or cansule of winter crops,

established as paira crop following rice - Field

Experiment No.2 (1986-87)

seed treatment ()

Winter crons (C)

[

Fertilizer Lin- ~Peas Lentil 1athy- Lathy- Mean
lavel (F) seed rus-N rus-L
Seads Fq 9,1 5.1 2.0 3.5 "3.7 4,7
treated

F20+b40 9.0 5.2 2,0 3.8 3.7 4,7

Mean 9.1 5.2 2.0 3.7 3.7 4,7
Seeds FO 2,0 5.3 1.9 3.5 3.5 4,6
untreated

F20+u40 B.8 5.4 1.9 3.6 3.6 4,7

Mean Be9 5.4 1.9 3.6 3.6 4,7
Fertilizer FO 2.1 5.2 2.0 3.5 3.6 4,7
(Mean)

F20+r40 8.9 5.3 2.0 3.7 3.7 4,7
Grand mean 9.0 5.3 2.0 3.7 3.7

C S F Cxs CxXr SXF CxXSXF

0. 08 C. 08

0. 260 N.o.

0.03 0. 19 0,07 0.04 0.10

NeDe NeSo N.S. NeZoa N.S.
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crops top dressed with fertilizer showed slightly greater

number of seeds / pod or capsule, more particularly in linseed,

4,5.2.5.3 Test weight

Test welghts or 100 seeds weight of all the crops in
all the three years of experimentation were recorded and
summarised in Tables 4,55, 4.55b and 4.55c in 1984-85, 1985-856

and 1986-87, respectively.

In all the three yesars, peas showed the highest test
weight of grains (7.32 g / 100 seeds ) than those recorded in
all other crops. The lowest test weight was olbserved in linseed
which was significantly lower than the others in all the three
years of experimentation. ILathyrus varietles showed no signi-
ficant difference in test weight in all the three years. Crops
top dressed with fertilizer showed significantly higher (2 to
3.7 %) test weight in 1984-85 and 1986-87 than the test welghts
recorded in crops raised without top dressing. Significant
increase in test weights (3.5 —_4.2 %) due to interaction
between crops andé fertilizer top dressing was observed parti-

cularly in peas and lathyrus (Wirmal) in 1986-87 only.

4,5,2.6 CGrain yield of crops
Grain vyields in kg / ha of all the crops were recordead
in all the three years and have becen summarised in Tables 4,56a,

4,5Db and 4.56c in 1984-85, 1985-86 and 1986-87, respectively.

In 1984-85, Lathyrus (Nirmal) recorded the highest

grain yield (1927 kg / ha) but it did not differ significantly
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Effect of seed treatment and fertilizer apnlication
on test (in g of 100 seeds) weight of winter crops,
established as paira crop following rice, Field

Experiment No.2 (1884-85)

Seed treatment (S) e Winter croms (C) L -
Fertilizer Lin- Pe@s Lentil Iathy- lathy- Mean
level (F) seed rus-N rus-L
Seaeds FO 0.51 7.12 1.72 5.58 5.29 4,04
treated
£ 0 E

F20+F4O 0,52 T.75 1.75 5.79 5.68 4,30

Mean 0,52 7.44 1.74 5.69 5. 49 4,17
sends FO 0.51 7.45 1.61 5.46 5.19 4,04
untreated

™ [ ooy - [y A

F20+r40 O.51 7e25 1.76 5.51 5.42 4,09

Mean 0.51 7.35 1.69 5. 49 5.31 4,07
Fertilizer FO 0.51 7.29 1.67 5.52 5.24 4,05
{Mean)

7 A 1
F20+F4O 0.52 7.50 1.76 5,65 5.5% 4, 2C

Grand meaan

0. 52 7.40 1.72 5.59 5,40

0,006 0. 09 0.01 0, 22 0,02 0.01 0.03

0,02 Ne'S e 0.03 Ne =, N. 3. N.S. NeSo

-
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Tanle 4,55p Effect of seed treatment and fertilizer annlication
on test (in g of 100 seeds) weight of winter croos,
established as »paira crop following rice, Field

Experiment No.2 (1985-86)

Secd treatment (5) Winter crops (C)

Fertilizer Lin-  Peas Lentil lathy— Iathy- Mean
level (F) seed rus-N rus-I,
Seeds FO C.52 Te22 1.68 5.48 5.39 4,06
treated
- - :. .
F20+E4O 0. 50 7.36 1.71 5.65 5.33 4,11
Mean 0.51 7.29 1.70 5.57 5,36 4,09
Seeds FO 0. 51 7e21 1. 60 S5.41 5.37 4,02
untreated
F, +F Os 51 7.14 1.69 5. 36 5.45 4,03
20 740
Mean 0,51 7.18 1.65 5.39 5.41 4,03
Fertilizer FO Q.52 7.22 1.64 5.45 5.38 4,04
{Mean)
? . .5 - 5.39 4,
Grand mean 0.51 724 1.68 5. 48 5,39
C S F Cx5 CxXF SXF CXEXF
56 EBm -+ C,03 0,09 0,02 0. 22 0,04 .02 0. 05

C. D. at 573 O. 1O N. »3. I\It :;J. Na :Jo 1\105- Nobo N.S.

— s o et B m———
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Tapvle 4,55¢c Effect of seed treatment and fertilizer application
on test (in g of 100 seeds) weight of winter croos,
established ag paira crop following rice, Field

Experiment No.2 (1986-37)

— e s

Seed treatment (5) a ___Winter croos $C)
Fertilizer Lin- Peas Lentil Iathy- lLathy- Mean
level (F) cead rus-N rus-L
Seeds FO 0, 50 7.14 1.74 5.57 5.658 4,13
treated

F20+}4O 0.53 7.58 1.73 5.70 5.48 4,20

Mean 0.52 7.36 1.74 5.64 5.58 4,17
seeds Fq 0,52 7.22 1.65 5.42°  5.41 4,04
untreated

F20+l~40 0.51 7. 37 1.67 5,67 5,47 4,14

Mean 0.52 7430 1.66 5.55 5.44 4,09
Fertilizer FO 0,51 7.18 1.70 5. 50 5.55 4,09
(Mean)

F20+F4O 0,52 7.48 1,70 5.69 5.48 4,17
Grand mean 0.52 7.33 1.70 5,60 5.51

C ) r Cxs CxXF SXF CXSXF
S.Em + 0,03 0. 09 0.02 0., 20 0,03 .02 0.05

C.D., at 5% 0. 10 N.S. 0,06 N.S. 0. 09 N.3. N, S,
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with Iathyrus (local) (1890 kg / ha) and these two grain yields
were significantly higher than those recorded in rest of the
other croups. The lowest grain yield (778 kg / ha) was recorded
in linseed which was significantly lower than all others. seed
treatment did not cause significant differencz, Crops top
dregssed with fertilizer gave significantly higher grain yields
(1606 kg / ha) than those (1420 kg / ha) raised without ferti-
lizer top dressing., Interaction between different factors was
not significant. Sced treatment increased yieclds very slightly
but significantly (9 %) and it ranged from 12 % in lert il to 6 %
in peas. The mean grain yields also increased significantly due
to top dressing of fertilizer (13 %), ranging from 49 % in

linseed to 9 % in lathyrus (local).

In 1985-86, the highest grain yield was recorded in
peas (1968 kg / ha) and the lowest (741 kg / ha) in linseed
which was significantly lower than those, recorded in other
crops. NO significant difference in grain yield was observed
petween lathyrus varieties, Crops raised from treated seeds
and also the crops top dressed with fertilizer showed signi-
ficantly higher grain yislds than those recorded in Crons
raised from untreated seeds and without top dressing of ferti-
lizer, The interaction between crops and fertilizer was signi-
5icant. Productivity of linseed increased due to top dressing
pof fertilizer to the extent of 69v% ; the corresponding increase
in peas, lentil, lathyrus (Nirmal) and Lathyrus (local) were

24, 14, 12 and 16 per cent, respectively.
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Table 4,56a Effect of seed treatment and fertilizer avnnlication
on the productivity of winter crops, established as
paira crop following rice in kg / ha, Field Zxperi-

ment No, 2 (1984-85)

- - -t - — —

Seed treatment (5) ____Winter croms (C)
Fertilizer Lin- Peas Lentil lathy- Lathy- Mean
level (F) seed rus-N rus-i
Seeds FO 654 1619 1357 1931 1885 1489
treated
F20+F4O 955 1809 1402 2109 2046 1664
Mean 805 1714 1380 2020 1966 1577
Seeds FO 597 1561 1101 1773 1725 1351

untreated

FZO+F4O 905 1667 1368 1895 1502 1547
Mean 751 1614 1235 1834 1814 1449
Fertilizer T 626 1590 1229 1852 1805 1420
O
{Mean )
F20+r4O 930 1738 1385 2002 1974 1606
Grand mean 778 1664 1307 1927 1890
C S F Cx5 CxXF 5XF CXEXE
5. Em + 40,1 42,7 21.6 95.5 45,3 30,6 68.3

C.D. at 5% 130.8 NeSa 62.8 NeSe NeSa N.S. NeSe

C.V. % 9.18 15,46 7.82
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Effect of seed treatment and fertilizer application
on the productivity of winter crons, established as
paira crop following rice in kg / ha, Field Experi-

ment No.2 {(1985-86)

Seed treatment (S) Winter croos (C)
Fertilizer Lin- Peas Lentil Iathy- lathy- Mean
level (F) seead rus-N rus-L
seeds FO 573 1919 933 1507 1553 1297
treated
F20+r40 1011 2283 1105 1784 1624 1561
Mean 792 2101 1019 1646 1589 1429
Seeds F 528 1592 886 1473 1245 1145
L. 8]
untreated
F, +F 853 2076 977 1565 1618 1418
2C 740
Mean 691 1834 932 1519 1432 1282
Fertilizer ¥ 551 1756 9510 1490 139% 1221
O .
(Mean)
rZO+F4O 932 2180 1041 1675 1621 1450
Grand mean 741 1968 976 1583 1510
C S F Cxs CXF SXF CXSXF

50,7 27.7 17.1 62,0 38.3 24,2 54,2
165,3  108.7 49,7 N.S., 111.4 N.5. 157.6

12,97 11.21 6.92
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In 1986-87, the highest grain yizld (1705 kg / ha) was
recorded in Lathyrus (Nirmal) and the lowest (635 kg / ha) was
recorded in linseed, which was significantly lower than all other
crops.  Iathyrus (local) and peas showed no significant difference
in yield between them, 1In 1986-87 also pre-sowing seed treatment
caused significant mean increasd in grain yield of about 11 %
‘ranging from 18 % in lentil to 5 % in Iathyrus (Nirmal). Top
dressing with fertilizer also significantly increased the pro-
ductivity of crops by about 23 % , ranging from 65 % in linseed
to 10 % in Lathvrus (Nirmal), The interaction between crops and

fertilizer was not significant.

4,5.2,7 Monetary evaluation of productivity (in Rs / ha)

Grain yield differences of different crops onelonging to
different species can be well evaluated if the values of the
nroducts are taken into consideration., The Rupec value of the
nroduce from different crops have been summarised in Tables
4,57a, 4.57b and 4.57c for the years 1984-85, 1985-86 and

1986-87, respectively.

In 1984-85, the highest productivity in terms of Rs / ha
(Rs.7073) was recorded in peas and the lowest (Rs.3735) was
recorded in linseed which was gignificantly lower than the all
other crops. WNo significant difference in the monetary values
of the produce was observed between lathyrus varieties. The
effect of seed treatment could not show any significant differ-
ence. in productivity (Rs / ha). Crops top dressed with ferti-

lizer showed dignificantly higher productivity in Rs / ha
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Table 4,56c Effect of ceed treatment and fertilizer application
on the productivity of winter crops, estanlished
as paira crop following rice in kg / ha, Field

Exneriment No,2 (1986-87)

s— v - -t

Seed treatment (S) . _Ainter crops (C)
Fertilizer Lin- Peas Lentil Ilathy- lathy- Mean
level (F) seed rus-N rus-L
Seeds Fy 525 1523 8385 1680 1513 1226
tr=ated -

F20+F4O 802 1707 1200 1815 i839 1473

Mean 664 1515 1044 1748 1676 1350
Seads FO 435 1393 722 1571 1227 107¢
untreated

T " ] “ N ~ ~ -

P2O+r40 777 1527 1048 1752 1700 1361

Mean 006 1460 885 1662 1464 12186
Fertilizer FO 480 1458 805 1626 1370 1148

. {Mean

] - 4 K b 4‘

r20+}40 790 1617 1124 1784 177¢C 1417
Grand mean 635 1538 965 1705 1570

C S F Cx3 Ccxr SXF CXSXF
5,Em 4+ 35.9 29,2 23.0 65,2 51.5 32.6 72.8
C.D. at 5% 117.1 114,86 66,5 N.S. Ne5e NeSe NeS o

C.V. % 9.73 12.48 9.85
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Bffzct of seed traatment and fertilizer annlica-
tion on the »nroductivity of winter crops, esta-
blished as »naira croon following rice in Rs / ha,

Field Expariment No.Z (1384-85)

———— R —

Seed treatment(S) dinter croops (C)
Fertilizer Lin=-  Peas Lentil Lathy- lathy- Mean
level (F) seed TUs-N ruseL
Seeds FO 3139 6883 5362 47372 4619 4947
treated
=™ LAl e P s - 5 N
220+r40 4587 7688 5539 5168 5C13 599
Mean 3863 7256 5451 4350 4816 5273
Seads F 2867 6635 4350 4343 4226 4484
- C
untreated
r H i 4 3 - [~
F2O+r4C 4347 7084 5406 46472 4660 5228
Mear: 3607 55860 4878 44933 4443 a8k
Fertilizer FO 3003 6759 4856 45338 4473 4716
(Mean )
7 3 473 505 48 5414
F20+140 4467 7 386 5473 4905 4537 1
Grand mean 373% 7C73 5i65 4722 4630
C 5 F Cxs CcxE LXF CXSXP

Se Em 4+

C.D, at 5%

C - \I'C (36

144,22 138.8 79.9 310.3 178.6 113.0 252.6
470.3 Nel. 232,3 N,u9e 516.3 N.&. N, S,

9.9 5.0 8,6




thosoe {(Re.4716) raised without fertilizer too
dressing, Interaction o2owesn croons and fertilizer ton

dresging was also slenificant. The sroductivity in tems of

ks / ha of lirnceed, 2e@2. arc lontil increased more than those
recorded i lathiyrus varietiss, o otier interaction was sicni-

ficarnt,

In 198%5-86 al: o, neas reacorded thes hignest nroductivity

in R / ha {Ps.8363) amongst all crone, Linseed reccorded the

lowsst Hrocductivity ir oe v/ ha {(25.3959) and it was at »nar with
lertil ard Iathyrus variastisze, Croos raised from treated ceads
and crons ton draessed wilth fertilizer showed sicrificantly

hicghzr onroductivicies in 2 / ha than those crone rmaisac
urtreated sesds apd without fertilizer ton cdressing, Inter=~

action betwaen cror:s and fertilizer ton dressing was sicnificant

ton drescing., Yo otner interaction was sicnificant,

in & / ha {(&s.6534) amoncst all croons and the lowest (2s.3048)

i
P

wasg recordea in lingead, o significant differsnce wag Ooogervec
. . — e i - s
o=tween lantil and lathyous varieties, re2d treatment and farti-

crons., 1Interaction was rot found significant.

4,5.2.8 Tvaluation of the traaiments in terms of enercy oroductivity
Grain yields in kg 7/ ha of Gifferent crops were converted

into enercy in KT / ha by multinlying the erergy unit eguivalent



’1—80165 4. 5‘7}

222

™e o

Effect 0f gecd treatment and fertilizer annlication
on the productivity of winter crons, establiched
ag paira crop follewinc rice in ks / ha, Field

Experiment No.2 (1985-86)

Crand mean

Seed treatment (S) . Hinter crops (C) —
Fertilizer Lin- Peag Lentil IAathy- lathy- Mean
level (F) sead rus-MN rus-I,
seeds FO 2750 8158 3685 3693 3305 4418
treated )
F20+F4O 4356 9704 4364 4371 398¢C 5455
Mean 3803 3931 4025 4032 3893 4937
ceeds FO 2537 6766 3502 3603 3050 3893
untreated
P, +F, . 4072 5823 3860 3833 3565 4915
2C T 40
Mean 3315 7795 3681 3721 3508 4404
Fertilizer FO 2644 7462 3594 3651 3428 4156
(Mean )
F,~+F, 4474 ¢ 264 4112 4102 3973 5185
20 740

3555 8363 3853 3877 3701

C S F CxX& CxF SXE CXEXF
172.1 93.7 97.6 209.6 218.,1 138.0 3C8.5
561,242 367.9 283.8 Wele 634,72 Ne Sy NS.

12.8 11.0 11.4
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~
4.

BEffect of seed treatment and fertilizer application
on the productivity of wirter croons, estawvlished
as nalra crop fcollewing rice in Rs / ha, Field

Experiment No.2 (1986-87)

Seed treatment (S) Winter crons (C)
Fertilizer Lin=- Peas  Lentil Iathy- lathy- Mean
level (F) seed rus=3 rus-L
Seeds FC 2520 6471 3810 4116 3708 4065
treated '
Iy oL 2K 1
F20+t40 3850 7253 4740 4446 4505 4959
Mean 3185 68672 4125 4281 4107 4512
Seeds FO 2088 5922 2851 3849 3005 3543
untreated
- . c cg
FZO+F4O 3731 6438 4138 4292 4165 4563
Mean 2910 6205 3495 4071 3585 4053
Fertilizer FO 2305 6197 3181 3983 3387 380%
(Mean )
3 i e ‘ ] o) 395 £
F20+F4O 3791 6871 4439 4369 4335 4761
Grand mean 3048 6534 3810 417¢ 3846
C 3 ¥ Cxs CXF SXF CHIXF
SeEm + 132.0 88.4 22,0 197.7 205.8 130.2 221.0
C.D., at 5% 430,5 347,0 267,5 NeSe New N, S Ne S,
C.Ve % 1C.7 11.3 11.8
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to each kg of seeds of resmective crops, This nrovided the
scope for analysing the treatment differences between different
winter crops of varicus species. The results have been summa-
rised in Tables 4,58a, 4,58b and 4.88c for the years 1984-85,

1985-86 and 1986-87, resnsectively.

In 1984-85, the highest amount of energy accumulation
(28332 MJ / ha) was observed in lathyrus (Nirmal) grains but
it did not differ significantly with the productivity of
lathyrus (local) (27780 MJ / ha). The lowest amount of producti-
vity in terms of energy output (19220 MJ / ha) was obtained in
lentil and did not differ significantly with linseed (19454
ﬁJ / ha). Seed treatn2nt showed no significant dif ference in
energy accumulation in crops. Top dressing of fertilizer caused
ﬁigher energy accumulation (25528 MJ / ha) than those raised
Qithout fertilizer top dressing (22173 M7 / ha). Interaction
effect betwesn crops and fertilizer top dressing showed increased
productivity in terme of energy output (MJ / ha) in all the crops,
ﬁhough significant difference was not ootained in peas only. The

other interactions were not significant.

In 1985-86, peas recorded the highest energy accumulation
(28927 MJ / ha) and the lowest (14340 MJ / ha) was recorded in
lentil which was significantly lower than all other crops. As
in 1984-85, this year also no significant difference in energy
accumulation was observed between two lathyrus varieties. Crops

raised from treated seeds showed higher productivity in terms
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Evaluations of the effect of seed treatmnent and
fertilizer anplication in temms c¢f 2nercy oroducti-
vity (MJ / ha) in winter crops, estavlished as
paira crop fcllewing rice, Field Experiment No.Z

(1984-35)

Seed treatment (5) Winter cropns (C)
Fertilizer Lin- Peas Lentil Iathy- Iathy- Mean
level (F) seed rus-=N rus-i
Seeds FG 16350 23809 19958 28395 2771¢ 23246
treated .

F2O+F4O 23892 26592 - 20615 31012 30081 26438

Mean 20121 25201 20287 29704 28900 24842
Seeds FO 14933 22951 16189 26062 25357 210¢¢
untrea ted

o +F, 22642 24505 20119 27856 27964 24617

20 T 40

Mean 18788 23728 18154 269560 26661 22858
rertilizer FO 15642 23380 18074 27229 26538 22173
(rmean )

F20+P4O 23267 25549 20367 29434 29023 25528

Granc¢ mean

19454 24464 1922C 28332 27780

Cc S F Cxs Cxr

n
pad
h
O
b
in
b
i

705.3 621.8 334.7 1390.4 745.3 473.2 1058.3
2300, 1 N.S. 973.%2 N.S. 2175.8 NeS. N.S.

10,2 14.3 7.7
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of energy output (22646 MJ / ha) than those raised from untreated
seeds, Crops top dressed with fertilizer also showed significant-
ly higher productivity in terms of energy output (23821 J / ha)
than those ralsed without fertilizer top dressing. Effect of
ﬁnteraction between crops and top drescing of fertilizer showed

significant increase in energy accumulation (MJ / ha) in all the

Crops except in lentil, o other interaction wasg significant.

In 1986~87, Iathyrus (Nirmal) showed the highest pro-
ductivity in terms of energy output (25055 MJ / ha) as was
recorded in 1984-85, and the lowest (14179 MJ / ha) was recorded
in lemtil, but it was statistically at par with linseed. This
year, no significant difference in energy accumulation was
ébserved between peas and lathyrus (local). Effects of seed
%featment and fertilizer apolication were similar to those observed
in 1985-86., 1Interaction between crops and top dressing of ferti-
lizer showed significant increase in energy accumulation in linseed,
lentil and lathyrus (local) due to top dressing of fertilizers put

not in others., No other interaction was found significant.

4.5.2.9 Loss of soil moisture through winter croos sown by

paira method

Under paira method of crops estéblishment seeds were sown
in standing water (5 cm) and then 24 hours afﬁer Sowing, the
water was drained out. At this time soil was saturated and the
loss of moisture consisted of percolation loss, evaporational
ioss through soil surface and transpirational loss both from

standing rice crop (10 - 12 days before harvest) and the newly

emerged winter crops.

f
|
i
i
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Table 4,580 Evaluation of the effect of seed treatment and
fertilizer application in terms of energy of
productivity (MJ / ha) in winter crops, established
as paira crop follewing rice, Field Ixperiment No.Z2

(1985-86)

Seeds treatment (&) Winter crons (C)
Fertilizer Lin- Peas Lentil Iathy- Lathy- Mean
leval (F) seed rus=N rus-IL
Seeds FO 14325 28219 13715 22163 22829 20250
treated
F20+F4O 25292 33565 16243 26225 23883 25042
Mean 19809 30892 1497S 24194 23356 22646
Ceeds FO 13217 23402 13034 21653 18306 17922
untreated
F20+F4O 21317 30522 14366 23000 23794 22600
Mean 17267 26962 13700 22327 21C5C 20261
Fertilizer FO 13771 25811 13375 21808 20568 18087
(Mearn )
F20+F4q 23305 32044 15305 24613 2383% 23821
Grand mearn 18538 28927 14340 23261 22203
C S F Cxs CxX? SXF CxXSXF
S.Em + 802,5 449,0 308.,2 1004,1 689,22 435,8 974.,6

C.D, at 5% 2617.1 1762,7 896.1 N.S. 2003.,9 H.S. N, S.

C.V. % 13.0 1145 7.9
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Table 4.58¢c Evaluation of the effect of seed treatment and
fertilizer application in terms of enercy nro-
ductivity (MJ / ha) in winter crons, established
as paira crop following rice, Field Experiment

No,2 (1986-87)

i

Seed treatment (&) __Winter crops_ (C) ,
Fertilizer Lin- Peas Lentil lathy- lathy- Mean
level (F) seed rus-N rus-L
Seeds FO 13125 22383 13084 24696 22246 19103
trea ted
PO+ 20050 25088 17640 26676 27029 23297
20 740
Mean 16588 23736 15352 25686 24638 21200
Seeds F 10883 20482 10609 23094 18032 16620
i i O
untreated
®._+F 19433 22442 15401 25754 24990 21604
20 740
Mean 15158 21462 13005 24424 21511 19112

Firtilizer FO 12004 21433 11837 23895 20139 17862

(riean) FootFao 19742 23765 16521 26215 26010 22451
Crand mean 15873 22599 14179 25055 23075

C 5 F Cxs CxF SXF CXSXF

SeEm + 533.8 427.4 399,22 955.7 892.6 564,5 1262,3

C.D. at 5% 1740.,8 1677.9 1160.7 N.5. 2595,3 N. S N.S.

C.V. % 9. ¢ 11.6 1C.8
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In 1984-85 upto 60 DA5 (Table 4.59a), peas recorded the
highest percolation + evapotranspiration loss of soil moisture
(667 mm) closely followed by lathyrus (Nirmal); the minimum
amount 0f loss of water was recorded in linseed (640 mm). ‘The
differences in losses of profile stored soil moisture between
lentil and Iathyrus varieties and between linseed, lentil and
Iathyrus (local) were statistically not significant. Upto 10%
pAS also (Tabls 4,59a ), peas showed the hichest nercolation +
évapotranspiration loss of solil meisture (772 mm) and the lowest
amount of loss was recorded in lentil (721 mm) and it was statis-
tically at par with linseed (725 mm). Crops ralsed from treated
seeds and also crons top dressed with fertilizer showed signifi-
cantly higher lossescf soil molsture than those recorded in crops
raised from untreated seeds and unfertilized (no top dressing)
crops unto 60 and 105 DAS, The interactions between treatments

were not significant.

In 1985-86 upto 60 DA3, peas again recorded the highest
(674 mm) loss of soil moisture closely followed by Lathyrus
varieties (Table 4.,59b) @and the lowest amount of soil moisture
loss was recorded in linseed (638 mm) and it was at par with
lentil and Lathyrus (local). Again petween lentil and Lathyrus
(Nirmal) the difference in soil moisture loss showed no signi-
ficant difference upto 60 DA5, Upto 105 DAS also, peas
recorded the highest loss of soill moisture (758 mm) closely
followed by lathyrus (Nirmal) and the lowest was recorded in
lentil (712 mm) which was statistically at par with linseed.

The crops raised from treated seeds showed higher losses of
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Table 4,.5%9a Effect of seed treatment and fertilizer amplication
on soil molsture loss (mm) in winter croos, esta-~
plisted as paire Ccrop upto 60 and 105 DAg, Field

Experiment No.2 (1984-85)

Winter crops (C) Seed treatment ($)

Fertilizer Treated Untreated Mean
level (F) 6C 105 6C 105 60 105
DAS DAS NS DAS DAS DAS
Linseed FO 627 713 625 FC5 626 709
W - 2 o a ~z g ] 3
F20+*4O 660 775G 646 732 652 T4l
Mean 544 732 636 71¢ 640 725
Peas FO 662 770 644 T41 6£53 7 BE
w & T I <oA= —re e ol
F20+r40 656 795 675 TAS 681 788
Mean 674 753 660 760 667 772
Tentil FO 635 71l 627 699 631 705
* ¥ i 1 ,\7 5\ -
520+,40 667 746 651 2 659 737
Mean 651 725 639 713 645 T21
1A thyrus =N FO 655 749 641 738 648 744
F70+F40 678 788 655 764 667 776
Mean 667 769 648 751 658 760
12 thyrus-L FO 643 741 634 712 638 727
F°O+F4O 665 773 652 751 659 762
Mean 654 757 642 732 649 Ta&n
rertilizer FO 644 737 634 718 639 7 28
F?C+F4G 671 771 656 751 664 761
Grand mean 658 754 645 735
C S F CX5 Cx¥F SXF CX5XEF
At 60 DAS
Se Em o+ 4,2 . O 2.6 6.7 5,8 3.6 8.1
C.b., at 5% 13. 11.8 7.6 NeS e Neo Ne i o NeDe
At 105 DAS
S, Em o+ 2.8 3.4 1.3 7.6 2.8 1.8 4,0
C.lie &t 5% 9.1 i3.3 3.8 Ne e MNeiZ e NeSe NeSo
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Taple 4,59 Effect of seed treatment and fertilizor anplication
on soil moisture loss (mm) in winter crops, esta-
blished as paira crop at €0 and 105 [Ag, Field
Experiment No.,2 (1985-86)

Winter crops (C) Seed treatment (8)
Fertilizer Trea ted Untreated Mean
level (F) 60 105 60 105 6C 105
DAS DAS DAS DAS DAS DAS
Linseed FO 632 712 €27 TJ02 029 707
FZG+F*O 647 736 644 727 646 732
Mean 640 724 636 714 638 719
Pedas FO 065 747 661 737 €63 742
F20+F40 695 782 676 686 7773
Mean 680 765 669 751 674 758
Lentil FO 638 708 626 697 637 700
™ i ~3 - Eo
r20+F4O 654 730 647 716 651 723
Mean 546 719 €37 704 641 712
Iathyrus-N FO 660 758 637 728 649 744
-y ~ e 2 5 ) '_4 )
F20+r40 686 779 66 759 67 767
Mean 673 769 650 7472 661 756
Iathyrus-L FO 651 735 63% 710 643 723
P.+EF, 672 760 65¢ 744 c6H 752
20 740
Mean 662 748 648 A 6E% 738
Fertilizer FO 549 732 637 714 643 723
7 1 5 5 664 749
F20+r40 671 757 658 4
Crand mean 580 745 648 g
C 5 F Cx3 CX¥ SX¥F CXSXE
At 60 DAS
S.Em + _ 7.0 3.4 2.2 7.5 5.0 3¢ 2 7.1
C.D. at 5% 22.8 N.D. 6.4 N.E. Ne S N.Se N.S.
At 105 DAS
S.Em + 2.9 2.5 1.1 5.6 2.5 1.6 3.5
C.D. at 5% 9.5 9.8 3.2 MeHo o Nese  Nese NS
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soil moisture than those recorded in crops raised from untreated
seeds and the difference was significant only upto 105 DAS. Top
dressing of fertilizer caused significantly higher loss of soil
hoisture than those crops raised with' fertilizer (no top dressing)
both up to 60 and 105 DAS., None of the interactions was found

gignificant.

4.5.2.10 Wwater use efficiency (kg / mn / ha) of winter crops

The water use efficiency of the paira crop observed
here was much lower thar those observed under conventional
tillage, in Field Experiment No.l, Here also, as mentioned in
Field Experiment No.1l, the seeds were sown in standing water
and then 24 h after sowing, the water was araired out. About
60 % of the total rainfall (34.3 mm in 1984-85 and 15.3 mm in
1985-86) received during growth neriod was added to solil molsture
loss also. As such, the water present in the soil at the time of
scwing can be classified as molsture at saturated level which
micht have been lost as percolation, as transpiration from rice
crop (10 - 12 days vefore harvest) and from the seedlings of
winter cross, in addition to the loss of soil moilsture from

soil surface through evaporation,

The water use efficiency ranged from 1.08 kg / mm / ha
in linseed to 2.54 k¢ / mm / ha in Lathyrus (local) in 1984-85
and 1.03 kg 7/ mm / ha ir linseed to 2,60 kg / mm / ha in peas
in 1985-86. The effects of fertilizer and that of seed treat-
ﬁent were alsc appreciable and positive., The crops like peas
and lathyrus increasec efficlency through proper management

(Tabla 4,60).
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-
Tapvle 4.60 Effect of seed treatment and fertilizer annlication
on water use efficiency (kg /7 mm / ha) of winter
crops, estaplished as naira crop, ¢alculated on
the pasis of loss of soil water ute 105 DAS,

Field Experiment No,2 (1984~85 and 1985-86)

. S T X S
Winter crops (C) eed treatment ()

Fertilizer Treated Untreated Mean
lavel (F) 1984 1885 1984 1885 1984 1885
=55 ~-86 -85 86 -85 -86
Linseed FO 0.92 .80 0. 85 0.75 0.89 .78
_ " . . . -
F20+F40 1.27 1437 1.24 1.17 1.26 1.27
Mean 1.10 1.09 1.05 0. 96 1.08 1.03
Peas FO 2. 10 2457 2,11 2.16 2.11 2.37
F20+F4o 2427 2,92 2. 14 2.71 2,21 2.82
Mean 2. 19 2,75 2.13 2.44 2.16 2.60
Lentil FO 1.91 1.32 1.58 1.2 1.75 1.30
F20+F4O 1.88 1.51 1.88 1.36 1.88 1.44
Mean 1.90 le%2 1.73 1.32 1.82 1.36
Iathyrus-n FO 2. 58 1.99 2440 2.02 2. 49 2,01
1 5 - ~y - Q
F20+E4O 2.68 2,29 2,48 2.08 2.58 2,19
Mean 2,63 2.14 2,44 2. 05 2,54 2. 10
Lathyrus-L FO 2,54 2.11 2.42 1.7% 2. 48 1.93
F20+f40 2.65 2,14 2,53 217 2. 5% 2,16
Mean 2,60 2013 2,48 1.96 2.54 2.05
Fertilizer FO 2.01 1.76 1.87 1.59 1.94 1.68
3 ' ‘C p C 20 L ]

Grand mean 2.08 1.91 1.596 l1.7%
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5, GENERAL DISCUSSION

In eastern India comprising Assam, West Bengal, 3ihar,
Orissa, easterm U.?. and in 3angladesh about one thirdbof the
rice is cultivated in lowlyincg situations. Monocropning of
aman rice is a general practice in lowlying situations. ILand
nreparation, immediately after harvesting of aman rice, for
growing winter crons is a prcolem, due to the presence of
excesc ive soll moisture., On the other hand winter is short in
eastern Ipdia as a result aman rice cultivated land in lowlying
remain fallcw in winter morths in most of the places., Sometimes,
cultivators broadcast lathyrus seeds in aman rice fields 10 - 20
days nrior tc it's harvesting in lowlying situation where rice
crop is expected to be harvested by November or early December,
In a survey work conducted, before taking up this project to
dlagnose the problem in seven villages in P.g. Kalyani of
Madia district it has been observed that cultivators sow
lLathyrus seeds in aman rice fields about 20 - 30 days pefore
the harvest of preceding rice crop., They use 40 - 5C kg seeds /
ha and harvest 1C - 20 d / ha of grain., Now-a-days they grow
lathyrus in compact blocks as fodder and earn apout Rs.1500 / ha,
without any inves tment excent the cost of seed by taping the

profile stored scoil moisture.

As lathyrus contains neurctoxin which causes 72 fthvrism
and the male consumers are mcre prone to be affected by it,

the wWorld Health Orcarisation has banned it's cultivation.
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$o te £ind out substitute crons for lathyrus and also
to increase cropping intensity in lowland rice cultiveted fields
a series of experinments (the results of which have been nre-
sented earlier) were carried out., In this chapter a obroad

discussion on the results have peen attenmpted,

15,1 3tand estaplishment

Establishment of adetuate population of plants per
unit area in richt time is the most important factor affecting
the nroductivity of crops, The series of experiments (Net House

IS

Experiment No.l, 2 ard 3) conducted in Net House on nuddled soil

‘nroved that peas under puddled soil without any standing water

and without shade showed very poor establishment. The reason
micght be the seed silze. The big sized seeds when sown on
puddled soil without standing water or any soil / mulch coverage
might have failed to impbibe sufficient molsture reQuired for
germination., While absorbing water, the permeabllity of seeds
for gas exchange increases, allowing for the free movement of
lgas in both difections {Gupta, 1981). The water dilutes the
‘reserve materials stored in the seed, while activating the
%various enzymatic cycles, enabling the breakdown of the various
istorage tissues. It has been chserved that from O level to 72 h
of submercence on puddled scill and in presence of shade veas
;seeds germinated well though as compared to cenventional tillage
ithe percentdge was leses (about 20 %). But without shade upto

72 h of submergence the stand establishment was far below

( > 46 %) the conventicrnal tillage; this might have something
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to do with temperature variations and low rate of imbibation

of water., Seed treatment both at Net House and in Field Ixperi-
ment could not improve stand establishment significantly in any
- of the crops. 1In case of linseed, stand establishment was high
ion nuddled soil at all the levels of submergences upto 36 h.

iIn case of lentil, stand establishment was better when sub-

- mergence ranged from 12 to 24 h and inferior at O level and
éabove 24 h of submergences. Lathyrus varieties on the other

" hand germinated and establlshed well upto 72 h of submercence
though the germination percentage was lower than those under

~conventional tillage (upto 28 % lower). It has further been

=

: .

jobserVed that linseed and lentil penetrate the radicles into
the scll earlier in puddled soll condition than peas resulting
bette: establishment, Under field condition there was lesser
stand establishment to the extent of 5,2 % in linseed, 18.1 %
in peas, 16.5 % in lentil, 11.1 % in lathyrus (Nirmal) and

6.4 % in lathyrus (local) under paira cropping than under con-
~ventional method of stand estavlishment, In paira method qf
?croD establishment, fertilizer and seed treatment had virtually
;nc contribution in improving stend estaolishment. Rhixon

3(1969) reported 20 % less stand establishment in minimum

itillage thar under normal tillage method,

5.2 Shoot dry matter producticn

shoot dry matter production was more under conventional
tillage (awout 15 %) than under naira cropping (Fig. 5.1, 5.2
and 5.,3). In conventicnal tillage higher amount of root growth

in different depths of soil enabled the plant to extract more
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nutrient and molsture from lower depth of soil in commarison

to those plants estaolished under paira method of crop esta-
plishmant., The higher nutrisnt and moisture extraction from the
soil in turn micht have onroduced hicher shoot dry matter under
conventional method than in paira metaod of crop estaonlishment

in 2ll the croons. Again higher shoot dry matter sroduction

in paira croo ( > 9.2 %) was recorded in intercropned rice
(alternate paired row o»lanting of early 'MW 10' + late ‘'Swarna')
dus to higher nutrient and molsture utilization than those under

cole croponing (Swarna) rice under »naira method,

5' 2.1

mffect of pre-sowing seed treatment on shoot dry matter
production of winter crops under paira method
The increase in shoot dry matter production due to

nre-sowing seed tredtment in all CrOps.under palra cropoing
was dus to increased vigour of the plants than those raised
from untreated seeds. 3asu et al., (1975) olserved that seecd
treatment with sodium phosphate, oxalic acid, sodium chloride
and others enhanced vigour of seeds of gram, lathyrus, lentil,
greengram etc, The oercentags increase of shoot dry matter

nroduction varied netween years (lable 5.1 and Tig, 5.4) during

experimentation.

]

the neriod o

M

Helton and Dilback (1982) observed increase in shoot
weight of peas when seeds were treated with different concen-

tration of H,O

20y for different length of time.
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Tavle 5.1 Percentage incredse 1n choot dry matter production
Guz to nre-sowing seed trzatment in winter croos
under palra mathod of crop estaolishment (1984-85
to 1986-87)

oy - - —— < vt

Percentace increase in short dry matter

Crops
198485 1985-86 1986-87 vean
Linseed 10,5 20,0 7.6 12.8
Peas 6.1 24.0 11.9 14,0
Lentil 16,4 20,4 19.7 18.8
1A thyrus=-N c.4 20, 3 7.1 12.3
I2thyrus-L 13.9 11.1 19.2 14.7

. Sl AR A - O ks e S s e e+ e A Y W e ot S S

5.2.2 Effect of fertilizer top dressing on shoot dry matter
nroduction of winter crons under paira mstihod
In all croons, shoot dry matter production increased
dus to top dressing of fertilizer, This was due to the avail-
apility of more nutrient for »nlant growth. The maximum
advantage of fertilizer top dressing was observed in linseed
than the other legumes under experimentation. The increase

in percentage of shoot dry matter production varied between

years (Table 5.2 and Fic., 5.5).

The mean percentage increase in shoot dry matter oro-

e}

‘duction in grain legumes i.e. in peas, lentil and lLathyrus
varieties varied from 15.5 % in Lathyrus (Nirmal) to 24.8 %

in lentil due to fertilizer top dressing.
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Tapls 5.2 Percentage increase in shoot dry matter production
due to fertilizer top dressing in winter crops
under paira method of crop estanlishment (1984-85
to 1986-87)
crons Percentage increase in shoot dry matter
1984~85 1985-86 1986-87 Mean
Linseed 42.C 43,1 49,5 44,9
Paas 11.¢ 25.6 16,3 17.9
Lentil 14,5 21.9 38.0 24.8
Iathyrus=-: 12,3 22.0 12,2 15.5
La thyrus-L 15.9 19.9 31.5 22,4

5.3 Root dry matter nroduction

Higher root dry mattar nroduction was recorded in
winter crops when estaplished urder conventional method of
crop establishment than under paira cropping. This might
be due to higher coot aeration under conventional tillage
(due to l=ss soll compaction) than under paira method of
crop establishment and under different periods of submargence
in Net House Zxperiments (Fig. 5.2 and 5.3). Again paira
crops relayed in intercrop of ‘early MW 10 + late swarra'
rice oroduced hicherroot weight than the paira crop relayed
in sole cron of 'late fwarna' rice. This micht e due to
greater availanility of soil molsture and nutrients timan

those relayed in late variety (sole rice Swarna).



5.3.1 Effect of pre-sowing seed treatment on root dry matter
o]

roduction of winter crons under paira method
Higher root dry matter nroductions were ovservad in
winter crops raised from pre-sowing treated seeds under paira
method of crop estaolishment than those raised from untreated
seeds, This was partly oecause of increased vigour’of Ccrop
roots, The increased vigour in turn enabled the rocts to

~increase in weight (Tabls 5.3).

Taple 5,3 EBffect of pre-sowing seed treatment on root dry
matter production of winter crops under paira
method of crop estaolishment in O - 60 omn soil
depth at 105 DAS (1984-85 and 1985-86)

Root dry welght mg / 2312 cc of soil

Croos _..1984-85 1985-86 lean

Trea- Untrea- Treca- Untrea- Trea- Untrea -

ted ted ted ted tad tad
Linseed 235 221 238 210 237 216
Peas 310 290 324 284 317 287
Lentil 261 250 237 214 249 232
Lathyrus-N 294 274 292 262 293 268
lathyrus-L 280 201 268 245 274 253

A 1+ e e e o - - o S0 £ S e I A A o R, A S M it st S -

Chatterjee and Singh (1983) found that croms raised
from pre-sowinc treated seeds with NazHPG4, Al(N03)2 and

;CO(NO increased in the root and shoot growth and ultimately

3)2
increased the grain yield of marley., In 1980, Chatterjee and
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Singh also reported that nre-sowing seed treatment of rice in

N82H904, water and Al(NO3)3 resulted in better root growth.

5,3.2 Effect of fertilizer top dressing on root dry matter

production of winter cross under paira method
Root dry matter production (Tanle 5.4) increased in
all the crops due to top dressing of fertilizer,  Better root
Bevelopment must have caused better absorption of moisture and

through moisture the rutrients.

Taolz 5.4 Effect of top dressing of fertilizer on root dry
ma tter production cof winter crops under palra method
of crop estaplishment in O -~ 60 om soil denth at 105
DAS (1984-8B5 and 1985-86)

B s o 40 il ' W s A 5 W o — - Pe—. JR—

Root dry weilght mg / 2312 cc of soil

Crons 1984 -85 1985-86 - Mean
o Fertie- Unferti- Perti- Unferti-~ Ferti-~ Unferti-
lized lized lized lized lized lized

Linseed 243 213 242 206 243 210

Peas 317 283 322 236 320 285
Lentil 206 245 241 210 254 228
lathyrus =} 296 272 286 268 291 270
1athyrus<L - 285 257 268 2458 277 251

5,4 Productivity of winter crops

5,4.1 Productivity (of grains) in kg / ha
Under convertional tillage all winter crops produced

higher seed yield (1667 kg / ha) than under paira method
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(1423 kg / ha) of croé establishmzant during the period of
experimentation, when they wers sown almost at the same time,
This micht be due to the fact that the soil pore snace availe
éble in conventicnal method of cron estaplishment have enablad
%etter root growth., Better root ¢growth extractaed more nutrient
and soll moisture from the scil and ultimately yielced hich.
glﬁos (1972) and Kaul et al. (1970) reported similar results
6Dtaln9d between tillace and no=tillage crop nroduction.
Further the loose soll mulch might have caused better concerva-—
tion of nrofile stored s0il molsture and its conventional
?illage than under minimum tillage. Placement of seeds and
fertilizer in furrow might have also caused better stand esta-
plishment and increased efficiency of molisture (along with
nutrients) and nutrient utilisation, 2aira crop following
intercrop of ‘early MW 10 + late Swarna' rice produced hicher
grain yield (152% kg / ha) than paira crop followed in sole croo
of 'late swarna' rice (1389 kg / ha), This was due to the
harvesting of 'MW 10' rice, well ahead (35 - 45 days earlier)
of sowing of paira crop seed, wnich facilitated more sunlight
penetration inside the mixed culture of rice field and less
drainage on the profile stored soll moisture. The higher amount
%f sunlight availability caused better early vegetative growth
in paira crops followed in mixed culture of rice than those

hich followed lately harvested crop of rice.
\
|

| Amongst the substitute crops for Lathyrus (local), the

highest grain yield was recorded in Lathyrus (Nirmal) (1835 kg/ha)
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followed by peas (1714 ko / ha) and the lowest in lirnceed (883
/ haj)., These variations in grain yield amoncst differert

crops were due tc the variation in their cenetical make up.

5.4.1.1 Effect of pre-socwing seed treatment on productivity
fol

of winter crons under naira method

The higher nrocductivity in croos sstablished with
pre-sowing treated zecds was cue to the petter initial crowth
than the crops established with untreated seeds (Table 5.5).

Many workere have studied effect of seed treatment with different

chemwicals ard

=

enported increases in cron yields (Abhichandani
and Rarieh, 1851; Pawar et al,, 1960C; Mehrotra et al.,, 1%067;

Barthakur gt al., 1973; sasu et al., 1974, 1575; finch and

I
I
I

Chatterjee, 1980 and Chatterjee et al,, 1898%).

Table 5.5 2Rercertagse ilrcrease ir nroductivity due to seed
treatment under naira method ©of crop estaovlishment

in winter crcns (1984-85 to 1S86-87)

Cross Percentace increase in productivity
" 1984-85 1985-86 1586-87 Mean

Linseed Te2 14.2 9.6 10.3
Peas B, 2 14,6 10.6 10.5
Lentil 11.7 ¢.3 18.0 13.0
iathyrus-N 10.1 8.4 5.2 7.5

1A thyrus -1 8.4 11.0 14.5 11.3
|
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5.4.1.2 Effect of fertilizer too dressinc on productivity
in winter crops under naira methcd
The mean »nercentace increase in onroductivity due to

fertilizer top dressing wag meres in linseed (6C.8 %) and least

in lathyrus - Nirmal (10.1 %) amcongst the substitute crope for

~.

Iathyrus (local) (Tacle 5.6). In paira method of crop establishe
fment it was not possible to incerporatre fertilizer with the soil,

as it coulc be done urder conventicnal tillacge,

Table 5.6 Perceptage increase in oroductivity due to fertilizer
top dressing in wiptar croos under paira method of
croo estaplishnont (1584-85 to 1986-87)

Percentage increase in productivity

Crons

1984 -85 1985-86 1986-87 Mean
Linseed 48,6 69,2 64,6 60.8
Peas 9.3 24,2 10. 9 14,8
Lentil 12.7 14.4 36,0 22.2
Iathyrus=-N 8.1 12.4 9.7 10.1
lathyrus-L 9.4 15,9 29,2 18.2

b S o e -

5.4.1.3 Grain yield and its relation with root growth
The variation in grein yield in winter Ccrops were
pocitively correlated with root growth (C - 60 cm soil depth)

summarized ir Table 5.7. This micht be because of utilisation

[o}]
6

of 50il moisture and rnutrients throucgh roots. Dawson (1965),

5ingh and Chatterjee (1980), Chatterjee and Zingh (1983) and
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Sen Gupnta et al,  (1984) renorted nositive correlaticn between
root ¢rowth and grain yield of cross when estaslished from
nre=-sowing treated seeds. J3esicdes these, similar relationship

has been renorted by a larcge numoer of workers.

Taple 5,7 Correlaticon oetween ¢rain yield and dry weighte
of roots (O - 60 cm) of winter crops, eXpressead

in r values

- Particulaxrs 1984-85 1985-86
ExXogriment Ho.l
Linseed 0,571%* 0.639%*
l2eas C.717~= -
Lentil 0. 888* O.714%
Iathyrus-N C.893* 0.594%*
Iathyrus-L 0.,828* -
Experiment No, Z
Linseed 0. 078%* 0. B78*
Peas 0.3156 ¥,.0. 0, 771i%
Lentil 0., 581* -
Lathyrus-=n 0, 700%* 0.,670%
Iathyrus-L 0,427 HW.35. C.518%*

* significant at 5 % level
5.4.2 Productivity in terms of rRs / ha
The nroductivity of dif{ferent winter experimental Ccrops
:were compared from the monetary »noint of view to exslain the
relative efficiency of different crops whose gz2netical make

un differed. Tt has oeen coserved in result chanter that

-~

productivity of vpeas in terms of Rs / ha was always much hicher

in all the treatments than all other winter crops in all the
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years (Fic. 5.6). From the pooled analysis of three years
data, of two fielc experiments conducted, showed, amoncst the
substitute crons for lathyrus (local), the hichest monetary
advantaces in crowing peas were 81 and 62 per cent more ﬁhan
Iathyrus (local) in rield Zxperiment No,2 (Table 5.8) and
Field ExXperiment No.l {(Taple 5.9), respectively. The hich
monetary advantacves iIn neas were due to high crain yiezld
exceont lAathyrus (Nirmal) amcngst the substitute crops of
lathyrus (lccal). another most signiflicant reason was hich

market value (in Runees) of poa seeds than that of Iathyrus

grain which are lessg favoured by consuners. After peas, lentil
andg linseed cave monetary advantages which wers almost edual

or slightly more than Lathyrus (Local). However, the demand of

' linseed and lentil are more amcngst consumers than Iathyrus

growing. S0 it's marketing is not a nroblem,

Pre-sowing seed treatment, which actually cost little,
significantly increasecd nroductivity in terms of Rs / ha as well
(Figs 5.7 ). Similarly, fertilization of winter paira crops also

increased the oroductivity (Fig. 5.8). 7The mean benefits per

Crunee investment on fertilizaotion were Rs.3,.9G,38.%2.5Q, Re.2.0Q,

and lathyrus (local}, resnectively.
Fixe3 Productivity ir terme cf energy cutohut (MJI S ha

t
From the mean of three years result it has beern observed
that the high energy outnut was recorded in Nirmal variety of
lathyrus (2697¢ MT / ha) followed by peas (25129 MJ / ha)

anongst the substitute of lathyrus (local).
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Tapble 5.8

of

seed treatments

1986-87

wirter

- Fielc

Pooled analysis of

Crope grown as

three years nroductivity in 7 / ha

D

aira crop under different

i ——
and fertilizer levels

Experiment MNo.2)

(1984-85 to

i

Seed treatment (S)

winter creons (C)

Fertilizer Lin- Peas Lentil Iathy- lathy- Mean
levelg (F) scad rug -N rus-L
Seeds 2 2803 7171 4186 4181 4044 4477
G
treated
™ A j =g i - t ' [ Siad
F20+r40 4431 8215 4881 4662 4499 5338
Mean 3617 7683 4534 44272 4272 4508
seads FO 2498 6457 3567 3534 3427 3975
untreated
P +F 4057 7465 4468 4256 4264 4902
20 740
Mean 3278 6958 4018 4C95 3846 4439
rertilizer FO 2651 6811 3877 4058 3736 4226
™ - 4 4 4 ‘ G 38 [
f20+x40 4244 7540 4675 4459 4382 120
Grand mean 3448 7326 4276 47259 4059 4673
C S F CxE CxE ST CxexX®
S5.Em + 116,8 82.7 48,1 184.9 107.5 63,0 i52.0
C.D. at 5% 380, 9 324.7 139.9 N.S5, 312.86 N.S. N.S.
C.V., % 8,7 8,7 5.6
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Table 5.9 Pooled analysis of three yeares productivity in Re / ha
of winter crops ¢grown under different methodsof crop
estailishment and manacement (1984-85 to 1986-87 -

Field EIxperiment No.li)

: Previous crops (R)
Particulars of

e ‘ Sole sole Inter- Mean
winter crops (C) M 10 swarna crops
(M) (s) (S+M )
Linseed 5867 4364 4844 5025
peas 7613 6747 7368 7249
Lentil 5118 3988 4456 4521
Lathyrus-N 5168 4367 4665 4733
lathyrus=-1L 4700 4118 4570 4463
Mean 5693 4717 5185 5198
R C RxC
S.Em + 149.9 85.9 148.8
C.D, at 5% 588.,0 250C.7 N,&.

C.V. % 1i1.2 5.0
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Though the ¢grain yield was more in lentil in most of
the years still hicher nroductivity in terms of enercy output
was more in linseed due to ths fact that enercy value of
linseed is far more than lentil., The hicher mean energy
output in Iathyrus (Nirmal) than peas was due to hicher grain

yleld of lathyrus (iirmal).

5.5 Molisture utilizeation by winter crons
Under nalra method of cron establishment it was observed
that loss of moisture throuch evapotrarsniration under naira

rops was hicher than under conventionally cultivated croons in

winter months,

In paira crops seeds were broadcasted on standing water

in maddy cultivated field ard then water was drained frcm the

The woulk of moisture was lost through

Fh
o
L]

naddies after 24
evaporation from the surface of the scill, transpiration from

the rice plants (10 - 12 days ovefore harvest) and younger
seedlings of winter crops. The maximum water loss was opserved
in peas. This might be due to hicher root dry matter production
in neas than others. 2aira cron following intercrop of ‘tearly
MW 10 + late swarnma' rice alsc showed higher loss of soil
%moisture {(about 3.5 %) than the paira cron followed in zcle
rcrop of 'Swarna' rice, might bs due to higher root dry matter

nroduction ¢f wirter crons in mixed culture of rice,

Loss of soil molsture calculated petwear 60 and 105 DAS

proved that under npaira and ccnventional method of crop



. 258

estanlishment, the differences in molsture utilizaticn between

the winter crops was nparrow (I8ble 5,10). This might be

pecause, at 105 days most of the soil moisture losses were

due to transpiration,

Taple 5,10 Loss of soil moilsturs (mm) through evanotranspira-
tion in winter croos established under dilfarent
methods of crop establishment and management
petween 60 and 105 DAS

— ol S e Lt o e . o Ay — e Al o Ml WS LA A . ol i oA e o+ i
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Jinter sole M9 10 (M) Sole swarna (&) Intercron
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£,5.1 Zffoct of nre-sowing sead treztnent on soil moisturs

3 of soill moisture

Crons raicsad from nre-gcowlng tredted secds extracted
mora soll molsturs as determirsd from water halance calculations
from the soll than thosa mised from urtreated seeds (Iadle
5,11). secd treatment increased the vigour of winter croos,

which in turn oroduced higher root anc¢ choot dry matter,
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-

detter growth of rcot micht have made the nlants to extract

eater amount of -0ll molsture than those from crops raiced

throuch urtreated geeds.

Taisle 5,11 Egffect of zeed wreatrent on soll moisture
extraction on tha Lasis of loss of soil molsture
(mm) Letwveen 60 and 105 DAS in winta2r Croeds
astaonlished as paira crop ‘through prz-sowing

-

trea ted and untraated seads

et e e m e vae e A v M SR Mol A AR e A et e e A o [ [P <

rolsture loss (mm)

pes 198485 lses-ge o tean.
Treatad  dntrea~ Treated Untrea- Treato untrea-
ted - ted ted
Linsecd 39 23 82 79 86 31
Peas 110 ic1 85 82 98 G2
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5,5.2 zifect of fertilizer ton dressing on s0il molsture extrac-

extract ¢reater {(1anle 5.12) amount of soil meisture (through

ovasotransniration) thnan those receiving no fertilizer too

Coen

dressinc. 'Ihis could ve nossinle because fertilizer top
dressing ac discussed earliesr encouraced the naira crods to

syroduce hicher root dry mattsr which in turn enanled the croos



to extract more of so0lil moisture, than those which was not

fertilized, Similar omwervations has been recorded by Singh

Pt

h

(1983 ) under dry land farming.

- Table 5.12 Effect of fertilizer ton dressing on soll mo
extraction (mn) on the asis of loss of s0il
molsturs betwesn 60 and 105 A5 in winter crons

established as paira crop

- sl e g

e < e i el AT il . e -t et o B S AW Ay A ol M ¢ . i i S il

Foisture loss (mm)
198485 1985-86 Mean

Crons oo s e — —— e s ——
: With Jithout Jith Without Wwith without
ferti- ferti- ferti- ferti- fertlie feorti-
lizer lizer lizer lizer lizer lizer
Linseed 89 33 34 78 87 81
Peas 108 103 38 79 98 91
Lentil 78 74 72 68 75 71
Iathyrus-N 110 1) 93 85 1cz 91
Iathyrus-L 104 990 86 79 95 85

'5.,5.3 Relationshin Letween loss of soll molsture and root dry

weight at O - 60 ¢cm soil denth under paira cropping
The loss of profile stored soil moisture {(or in other-
éwnrds utilisation of soil moisture through evapotranspiration)
was positively correlated with root dry welght (O - 60 cm soil

depth)., The r- value of the corrslation have been sumimarised

te]
o
jny
]

in Tanle 5.13. The lose of soil molsture was hicgh during

oeriod of O to 60 days after sowing than between 60 - 105 DAS:
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this was oecause the ground was fully covered with foliage

during the neriod of 60 - 105 DAS and onwards ard to start

with the soil was =aturatsad,

faple 5,13 Correlatior oetwesn loss of goll moisture and
root dry welgnt of winter crops (O - 60 am)

expressed in r values under paira cro»ning

Crope 1984-85 198&5-86

Linseed C.856% 0.870%
2eas 0.834~* 0. 800%
Tentil 0., 733%* 0.887*
lathyrus -1 O, 742% 0,928%

Iathyrus-L G, 944 * 0,748%*

e R . e 8 e A e S o | o . S S P " i

* Singinficant at 5 % level

5.5.4 Water use efficiency (kg / mm / ha) of winter cronc
»
Jater use efficisncy (WUE) wa:s more in crops estanlish-

ed through conventional tillage than those under paira croopind.

Acain paira cropnine followed in'intercronned! rice showed

hicher WUE than the »ailra croo relayed in sclz crop of rice as

already summrised in Table 4,44 in the chapter of resulte.

At

large seeded crops like peas and lathyrus variatiess snhowed

L

inseed

’_l
f et

Y

comraratively hivher JU2 than the small seeded one i.e.
and lentil in all the methods of crop establishment and ma@pagemant,
Under conventional tillage, WUS were 12.2, 11.0 and 9.6 k¢ / mm /
ha in lathyrus (virmal), Lathyrus (local) and peas, resoectively.

Chatterjee and sen (1977) reportaed WUZ under rainfed conditlons
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under corventional tillage 21, 17 and 10 k¢ / min / ha in sarley,
gram and nelg, respectively Unger paira croooning hicnest WUR

was recordad to o2 Z.4 ko / w1/ ha in lathyrus (Nirmal).

D i 4 EOLIE i - . . 4 v e e 3 -
5,5,4,1 Bffect ¢f nre-sowing seed treatmant on water use
b

y (k& / mm / ha) in winter crodc estaoslishe-

n naird method of crop =ctaslishment, all the crons

raiseu from pre~sowing treated seads with R showed hicgher

'3" "4
HUZ than the croos raised frum untra@ted seeds (mols 5.14).
The hichest AJE was recorded in oseas ooth from treated (2.5
kg / mm / ha) and untreated (2.3 kg / mm / ha) seads., tiiich
WUL in crons, raised from treated ga2ds was due to the invigo-
ration of seeds, which in turn produced more healthy »lant and

ultimately petter grain yi=slds, Invicoration of seads also

enavoled the nlants to use s0ll molsture more efficiently.

Tanle 5,14 Eifect of onre-cowling sesd treatment on water

1984-85 1935-86 Mean
Crops irea- Untrea- Trea—~ Untrea- 1Trea- Untrea-
ted ted ted ted ted ted

Lingeed 1. 10 1. 05 1.09 0. 96 1. 10 1.01

Pe’ 2,19 2,13 2,75 2,44 2,47 2,29

]
&

Lentil 1.90 1.73 le42 1.32 1. 66 1.53
‘.{Jatll_).x_\lu"‘iw 2. 63 2.44 20 14 2. 05 2: 39 20 25
lathyrus-L 2.60 2,48 2,13 1.96 2.37 2.22

— —— - . A O+ i A o ke 8 e A Pl WM . Ml I . o
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fertilizer ton dressing on vater use

lency (k¢ / mn / na) of winter crons, esta-

In paira method of crop establishment, all the croos
top dressed with fertilizer showed hicher WUZ than those
in crops without fertilizer too drossinc. The per-
centage increase in UL, due to fertilizer apnlication was
more ir linseed {51.2 3) than all other cirops (Taole 5,15);

the highest WUE was recorded in neas (2,52 ko /7 mm / ha).
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The highest WUE, however, in ci

ro
ton dressing, was recorded irn la

“1)

and 2.24 k¢ / mm / ha, respectively). As linseed is a non-
lecguminous cron, 1t resnonded to fertilizer more thanr the other

rcg

fu
o'

e
T2 ge

laguminous crong; tihis was the reason for hicher »

(T)
®

Nt

increase in WU2 in linsecd than in other lecuminous crons.

Tablz 5,15 =Zifect of fertilizer ton dressing on water uce

efficiency in winter croos, established as naira /
cron.
. 158485 1985-86 Mean
Croos WAith HJithout Iith Without With Without
ferti- ferti- ferti- ferti- ferti- ferti-
lizer lizer lizer lizer lizer lizer
Linseed 1. 26 0. 859 1.27 0,78 1e 27 0.584
Deas 2.21 2,11 2.82 2437 2.52 2,24
Lentil 1.86 1.75 Lo d 1.30 1. 00 153
Tathyrus =3 2. 58 2445 2.1% 2,01 2¢ 3G 2.25
I..atll_y'ﬁu._)—i 2.59 2.48 2. 16 1093 203:—3 2. 21
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It may thue be concladed that under naira cronning,

Ea

the efficiency of nrofile stor=d molsture utilization was

lesser thAn under cruns grown with conventional tillage: in
later case tne root growth was oetter than under naira

crondine. Pre-sowing sead treatment and fertilizer top

dressing ooth helsed a better root and shnoot growth and helned
the winter crops estaplisined under paira crooning to increase

WIS
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6. SUMMARY AND CONCLUSION

Two field experiments and three Net House Experiments
were conducted through three consecutive seasons (1984-85 to
1986-87) in the Indo-gangetic alluvial soils (Entisols) of
West Bengal. The objectives of the experiments were to study
and find out (i) the »roductivity of rabi crops viz, linseed
(cve 3 87), peas (cv. 3 22), lentil (cv, 3 77) and Iathyrus
(cv. Nirmal, a variety having low neurotoxin content) as sub-
stitute of lathyrus (cv. local) grown as paira (or relay) croo
either with a sole aman rice crop of long duration variety or
a mixed crop of rice in alternate rows of early (cv. Md 10)
and late (cv. 3Swarna) varieties, (ii) sultaple nackage of
nractices of the rabli crops to augment their production under
nalra cropping as against conventional method of crop establish-
ment, (iii) the effect of pre-sowing seed treatment (with NaZHPO4)
to imnrove the stand estaonlishmsnt, growth and develosmant of
the crops under paira cropping and (iv) the effect of fertilizer
anplication as top dressincg, on the performance of the various

Crons.

ctand egtaplishment was better under conventional than under
minimum tillage on puddled soil in all the crops. Relay sowing
of peas in all the treatments of submergence and lentil at 36 h
of submergence and above showed comparatively lower stand esta-
blishment than linsed and Lathyrus varieties. stand esta-
@lishment of lathyrus varietles was least affected due to

varied period of submergences, even upto 72 h., Amoncgst all



crops, linseed showed better stand estavlishment (only 5.2 %

lesser under paira cropping than conventional stand establishment)

than others under paira cropping; peas and lentil showed lower
percentage of stand establishment (18.1 and 16.5 % lesser than
conventional tillage, respectively) than others. ceed treatment
énd fertilizer top dressing had no significant effect on stand

establishment under naira cropning.

The shoot dry matter nroduction was hicgher in wirter
Ccrops when crown under conventional tillage (15 %) than under
paira cropping, Under naira crooning folléwing intercrop of
early 'MW 1C + late ‘cSwarra‘’, rice showed higher amount of shoot
Cry matter accumulation (9.2 %) than under paira cropnirg follow-
ing sole crop of rice *zwarna'., Higher shoot Cdry matter accumu-—
lation was recorded in oeas and lathyrus varieties than lentil
and linseed., Pre-sowing seed treatment and fertilizer top
dressing increased shoot dry matter accumulation in winter crops
pstablished under conventional as well naira method of croo
establishment, The highest benefit of fertilizer too dressing
(45 % increase) in shoot dry matter precduction was reccrded in

lingeed.

Winter crops raised under conventional tillage nroduced
higher amount of rcot dry matter than those under paira cropning.
The highest root dry weilght was recorded in peas., Seed treatment
and fertilizer ton dressing also increased root dry weight in

winter crops raised under paira method of crop establishment.



Number of pods or capsules / m2 were more in all crops

under conventional method of crop establishment than under

. - . 2 -
nalra methocd. The highest numoer of pods / m”~ was recorded

. . - - N 2 .
in lentil and the lcwest number of pods / m® was recorded in

peas., 3ut the test welght of seeds (100 seeds weicht in ¢)

and number of seeds / pod except linseed were hicher in peas

than 1in all other winter crops. The lowest test weicht (C,52

g / 100 seeds ) was recorded in linseed and the seeds / capsule

(8.5 / capsule) in it were highest amongst all winter crops.
Seed treatment and fertilizer tcop dressing increased number

/ 2 ) . 3 : 1
of nods or capsules / m~ in winter crops under naira method of
crop establishment. The hichest penefit of fertilizer top dresg-
C N <. C - . - z
ing was observed in linseed in respect of number of capsules / m°,
Seed treatment, fertilizer too dressing and metnod of crop

establishment had no significant effect on test weight and

nunoer of seeds / pod or capsule in the tested crops.

Under conventional tillage which fcllowed early variety
of rice ('MW 10'}), and wnere fertilizer and the seeds could be
drilled and where a soil mulch could ve provided yielded more

(2bout 17 %) than those established with minimum tillage as

relay crop (Paira method of crooning). Under paira cropping

again the average nroductivity of winter crops was slightly

more where mixed culture of early and late varieties of rice

were grown than the paira crop raised in a tall and late

variety of rice ('cwarra') field.
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The low neurotoxin containing Lathyrus variety -
'*Nirmal', although maturing 10 -~ 15 days later than lccal
variety, showed an edge (5.5 % increase in yield) over the
productivity of lecal variety and in the utilization of the
%scarce profile stored soill moisture. The hichest grain yield
iwas recorded in peas followed by lentil amongst the suostitute
crops of Lathyrus. seed treatment and fertilizer top dressing
increased grain yield of all winter crops estanlished under
baira method of crop establishment. Maximum advantage of

fertilizer top dressing was owmserved in linseed (61 % more).

From the monetary point of view, the hichest producti-
vity was reccrded in nea2s (Rs.7288 / ha) amongst all the winter
crons included in the experiments. Thouch the grain yield of
linseed was lower than lentil and lathyrus, yet from the monetary
point of view the productivity of linseed with adequate ferti-
lization under paira cropning was similar to lentil and Lathyrus
(cv., Nirmal). The productivity of lentil (Rs.4399 / ha) was
higher than Iathyrus local (irs.4261 / ha)., From the point of
view of evaluating productivity of the crops in terms of MJ / ha,
the highest energy output was recorded in peas (25199 MJ / ha)
followed by linseed amongst the substitute crops of lathyrus.

The energy output in MJ / ha from peas was as good as lathyrus
Klocal). From the point of view of grain productivity (kg / ha)
and energy outout (MJ / ha) Iathyrus (lccal) always showed

petter performance than lentil,
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5011 moisture losses (O - 60 cm prefile) wasg positively
correlated with root dry weights ©f winter crons under paira
cropping; r values hers 0,94 and 0,98 in 198485 and 1985-86,
fespectively. The total soill moisture locss was much nigher
under paira crop»ing than those raised under conventional
tillage, because oulk of soil moisture loss was through evano-
ration from the pare surface of the scil at the initial stage

of the naira croon.
N ————

The water use efficiency was maximum (12.2 kg / mm / ha)
in Lathyrus (Nirmal) under conventicnal tillage and least (1.18
kg / mm / ha) in linseed under paira croo. The watsr use effi-
ciency under paira cropping raised from pre-sowing treated seeds,
and adeduately fertilized were 1.32, 2,62, 1.7C, 2,49 and 2.4
kg / mm / ha in linseed, peas, lentil, lathyrus (Nirmal) and
lathyrus (local), resnectively., The water use efficiency in

winter crops was alw2ys much higher and appreciaonle under con-

ventional tillage than under Daira creppind.

Tt was, thus, concluded that in low land »addy cultivated
field where harvesting of aman rice ls delayed peas Gin De grown
as pair2 crop as substitute cron of lathyrus, by oroadcasting
the peas seeds In standing aman rice 10 - 12 days »rior to rice

cCron

harvesting. Further, »roductivity of peac under 2air

can oe much imoroved if ore-sowing treated seeds {(with HaZHPO4

- -4 . - , - f e
of 5 x 10 ¥ solution) arz sowr and Crops ars Lop dress=d with

fertilizer (20 kg N + 40 kg » OSIhQ.Nhere peas can not e grown

G



as 9aira crop next 5est cholce from monetary point of viaw

can, ne linseed with proper fertilization and then lentil as
sunstitute crops of Iathyrus. Nirmal variety of latuhyrus,
whose neurotoxin content is low and 1s only 10 - 15 days

later in maturity than Lathyrus (local) can yield as good as
or slichtly more than the local variety tried in this investi-
gation., Rabil crops, sown as a paira crop with a mixed culture
of early ('MW 10') and late variety {'Swarna‘') of rice,
performed netter than thcce relay2d with late maturing rice
variety (*swarna'); it was dus to greater utilisation of

profile stored soll moilsture.
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7. FUTURE SCOPLZ OF RESEZARCH

There iz wide scope of working on palra crons, for
rice fallows to tan the most pracious input in alpfed areds

the water, In the pnresent investigation in evaluwating the

suostitute croons of high neurotoxin containing varieties of

lathyrus under paira cropning, no atismpt has been made to

Hhy
o%

find out the optimum plant nopulation of rabl crovs to h=2

required for maximizing productivity. Moreovar thers are

other winter crops like gram, sweet clover (senji) for fodder

2tc. which need further to e studlied as subpstitutse Ccrops

Iathyrus.

In paira cropning it is difficult to incorporate

fertilizer into the soll and so the fertilizer are usually

of

rot oroperly utilised, nmarticularly under rainfed condition,

The =fficacy of soraying fertilizer to su>nly the nutrients

to naira crops need to be further investigatead,

cropnine a good amourt of money

p]

Further, in

fd

ail

|3

is spent for giving one weeding to remove the cerminating

stubbles as well as weads, Thers is scope to do som2 work

on weed managemant of paira crops at a cheaper cost,

As the productivity of the same crop differs from
varisty to variety under the same management nractices, s0O
varietal trial on winter crons established as paira crops

et it e

ne2ed to be carried out,



The experiments wers carried out only at one loca-
tion as stated earlier, But the characteristics of lowland
rice field varies widely and there is wide scope to do some

locacion specific trials on different types of soil where

0]

rice crop is harvested at different times, Tt may o

worthwhile to study some effective nre-sowing seed treatment
with chemicals as well as effective Rhizobium culture

(including »nelleting) for increasing the vigour and growth

of the Rabl crons.

The last but not the least there is necessity to

£

evolve some 1low neursctoxin varieties of Lathyrus which show

fairly high nroductivity under paira cropoing.
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