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SEED YIELD AND QUALITY OF MUSTARD AS AFFECTED BY SOIL
PROFILE -MOISTURE AND RATES OF SULPHUR ON ARIDISOLS

B, P. SINGH

Results ol a lisld expetiment, comprising thres soll.profile mm molsturs lavels (165 ¢ 3.

120+ 4 'um_:| 95 = 1/1 M) In combiration with four rates (0, 40 80 and 120 ka §/ha)
at sulphur tried on aridisols, showed that additional supply of 1 mm/m of soil profile

ever the sub-optimum (96 = 1 ‘mm/m) gave 14,7 ka/ha 1o 38,% ka/ha Incressed mustard
seed ylald, Regression equations, consumptive usa with geed yield (g/ha), werg ¥ = 0,187
X — 12,9767 end ¥ = 0.3588 x = 30,983 for the year 1678-B0 and 1980-81 respec-
tivaly. Application of Increasing sulphur rates increased the oil per cant ond thieglucoside
contant In seed during both years Waier-use afficiency valuss decrosced with decrearlng
g0l protile- moisture, from 5176 kg-mmfha to 3,11 kg-mmjha, Highest prefit of
Rs. 2122 25 per ha was recorded at 80 kg S/ha with good and normal scll profils mole-
fure reprasenting 165 + 4 mm end 180 mm/m molgture In eoil profile & seading,

raspectivaly.

Indian mustard is one of the most
improtant oilseed. crop of the country.
With the application of heavy rates of N
and P, the seed and oil yield are not
reaching' to the full satisfaction of the
mustard growers, probably because of
increased requirements of sulphur
induced by these sulphur free fertilizers.
However, in oilseeds, sulphur plays a
significant role in quality and development
of ceed Probably for these reasons
nustard crop needs comparatively,
higher amounts of sulphur for proper

yrowth, development and higher vields,

The light textured soils representing
wridisols of Heryana where Bressicae
rops are grown, are generally deficient
n sulphur (Kanwar and Randhawa, 1974
singh and Singh, 1978). In such cases
he mechanism of sulphur helping in

improvement of yield and quality of
mustard crop grown on varying profile
moisture conditions representing the

low, normal and good moisture condi-
‘tions

generally observed with the
amount, distribution and availability of
rainfall - at sowing is not known. This
study was, therefore, undertaken to find
out the rale of  sulphur at varying soil
profile moisture status on seed vield,
ether exiract, oil yield, thioglucoside and
water-use efficiency- of the crop.

MATERIAL AND METHODS

Investigations were carried out at
Dry Farming Research Centre of Haryana
Agricuitural University, Bawszl for two
consecutive Years during winters of
1979-80 and 1980-81. The soils re-
present the aridisols and classed as
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loamy sand, having PH 7.8 (1:2) organic
carbon 0.30% and ECe 0.41 mhos/cm.
‘Available p, Kand S were 19, 340 and
14 kg, respectively. The field experi-
ment was conducted ‘in split plot design
keeping soil profile moisture in main
plots and sulphur rates in sub plots.
There were “three levels of scil profile
moisture viz.: sub-optimum obtained by
rain conserving, normal and good by
recharging profile, with four levels of
sulpur viz.: 0, 40, 80 and 120 kg S/ha
applied through powedered gypsum.
Uniform dose of 40 kg N and 20 kg P
through . non-sulphatic  fertilizer was
drilled with . sulphur rates at sowing
below seed level. The variety 'Parkash,
of mustard was sown on 22-10-79 and
24-10-80 during first and second vyear
respectively The crop was seeded at 30
cm apart in rows.
was done at two -week crop stage to
maintain 3 lacs plants per ha. In sub-
-optimum * moisture conditions, due to
moisture stress seedlings were burnt and
died due to hot sand in day time and the
-exact 3lacs plants per ha at  harvest
could not be maintained.

Mustard seed samples collected
were analysed for N,S ether extract and
ally-iso thiocynate (%) content. Nitrogen
was estimated by - using methods
descrlbed in USDA Hand book Mo. 60
(1973) and S by using method of
Tabatabai and Bremner, (1970). Uptake
of nutrients’ was calculated by' multi
plying the seed "vield with per cent
content  of the . respective nutrient and
are presented in kgfha for each nutrient,
Qil was extracted with petroleume the-
on ‘Soxhlet* apparatus and is expressed
per cent content and allyl-iso-thiocynate

[val. ' 71.'Na’l3

value was determined. . h*,r AGA.C

(1960) method. - For nrudEJ pmtea.n
content, the respective mtrngan cuhient
was multiplied with the ummersal facﬁ:r
6.25. The soil moisture as measured
by gravimetric method " to’ ‘work. out
consumptive use and watar—use ‘effis
ciency. The moisture in soil ® prnfu!e in. 1
m depth was 168, 143, EE - mm 'i_ﬁ
1979-20 and 163,136 and 54 mm durmg
1980-81 in good, ncrmal ‘and’ sub-

‘optimum  moisture treatments, rasuect:-:

vely. The data obtained are. balng pra-

-gented in Tabular form and discussed.

RESULTS AND DISCUSSION

Yield and protein production
Production level during 1979 8

* was comparatively low due to,low rain

Thinning of the crop -

yields.

fall (21 mm) received . during the cro|
growth season as compared to 43'mm o
winter showers received during-1980-8"
(Table 7): Besides this, high temperaturi
in February, 1980 also' -enforced: the
early maturity, leading to - low. crof
Soil profile moisture - status a

~ sowing and rates of sulphur fertilizatior

affected the seed. yield .and proteir
production significantly ~during both the
years of investigation (Table 2-a)... "~

Additional -supply of 1 mm ol
moisture in soil profile over the sub
optimum gave 14.7 kg'ha and 38.1 kg/ha
at normal and 16.1 kg/ha and 30.7 kg/ha
at good status . during 1979-80 and
1980-81, respectively. Similar response

- has been observed on aridisols soils by
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Mustard responded’ to  sulphur
application upto 120 kg S/ha during the
first year though significant increase was
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cnw uptﬂ 80 kg S/ha, while in the
.semnd year: the response’ upto 40 kg
'S,fha was recorded (Table 2 b). The low
raspnnse phenumenan can be attributed
-due to. the- iawng out of the experiment
at the same site ‘with the same treat-
ments, indicating' the residual supply of -
suiphur form the * first year as well as
diluting the sulphur effect to some extent
on gmwth dugto 43mm of winte,
shower -
which  was just twice that of first year
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with the suiphur content in mustard’
seedling which was due to the proper

‘sulphur fertilization of {he crop. The

increase uptake of nitrogen by mustard

. seed due to sulphur fertilization may

received during crop season,,

(21 mm). Application of 40 kg and 80

kg S/ha gave mean increase of 29.5 and
38. E'pér cent over control. The regres:
sion equatmns sulphur (%) in mustard
seedling wnh seed yield and protein®
production were worked out at rates of
sulphur as detailed below :

N
Y = 696 x -
- 17.528 (1979-80)

r 0=,846,

ﬁ' N

Y = 605 x -6.97
(1980-81)

r = 0.988.

S% in-seedling vs

Seed }rield-fﬁ,‘ha}

- 5% in seedlings vs

A

Y = 210.0 % -
48.83 (1979-80)

r = 0833

protein production :

.'.-;:-

= 1435 % -
0.845 (1980-81)

[- = D-Egﬁ.

The +tive 'r values and regression
equations as . above indicated the seed
yield and protein - production relationship

be because of increased translocation of
nitrogen from plants to reproductive part
(Archer, 1974), resulting thereby in
higher protein production.

The important rcle played by sulphur
in Cruciferae family is that it enters into
ather constituents and thus becomes an
integral part in synthesis of oil and
sulphur containting amino acids. Singh
(1975) reported-an increase upto 45.5
per cent when sulphur was applied @
250 kg/ha to mustard crop grown on
alkaline calcareous soils. Singh ef al.,

- +(1970) reported -that gypsum, although
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relatively less soluble, but is a good
source of sulphur fertilization to oilseed
crops. Similar findings were also reported
by Pasricha and Randhawa (1972 g
1973).

_0il yield, guality and sulphur uptake:

Increasing moisture content in soil
profile decreased oil per cent content in
seed and ° allyl-iso-thiocynate  value
though differences were not- significant
while increased the oil yield and sulphur
uptake significantly which is the function
of the higher total seed vyield recorded
(Table 3 a).

Increase in sulphur application from
0 to 120 kg S/ha increased the oil per-
centage over control, highest being
38.77% and 38.13%, during 19738-80
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and 1980-81 respectively (Table 3b).
However, there was no significant differ-
ence amongst the treatments 40 to 120
kg S/ha, The regression equations were
worked out; sulphur (%) content in
mustard seedlings with oil per cent
content in seed and oil yield and detailed
below:

A :
S(%) vs oil (%) Y = 23.8315 + 37.0

% (1979-80)

M
Y - 1813 x 47
« (1980-81)

A
S(%) vs oil yield ¥ = 2907.28 x
(ka/ha): — 766.61 (1979-70)

A
Y - 2643, 182 x
— 410.71 (1980-81)

Sulphur (%) content in mustard
seedlings had also recorded gtive '
values of 0.846 and 0.983 in 1979-80
and 1980-81 respectively, with 6il yield
of mustard, establishing the role played
by the sulphurin cil yvield production.
Singh and Singh {1978) observed - in-

crease in oil percentage with increased”

sulphur -application, and found greater
uptake in mustard at flowering coinciding
the 'critical reproductive phase. The
increase in oil percentage was probably
due to the increase in glucoside of

Bressica species e.g.  Sinigrin. * The
higher seed vield and oil, percent led to
significantly higher oil yield of mustard
Similarly, the sulphur content in seed and
greater seed yield resulted in more uptake

of sulphur, which prodused sianificany

differences.

Vel 7iiMe D

Sulphur played the role in"the forma-
tion of more of mustard: thmglumsl&e,
which on hydrolysis prnduced “higher
content of oil as well-as Elivl-zsa-th:ucy-
nate  which respunmhle o1 ‘rha
pungency, ‘a determinative factor of ‘il
quality.

is

Application of sulphur also affected
the allyl-iso-thiocynate value wuh the
increasing rates, (Singh and Slngh
1978). The dl.rerences wera quﬁe Iarge
over no sulphur treatment. Freemarr and
Maossadegi (i 9?2} _ oby
Brassica Juncea wnh :ncraased cunter:t
of sulphur. The effect on aIIvI-:sn-ﬁﬂucy- :
nate wvalue was same as on- oil
percentage.

Water use ;

Consumptive use was “more with
high moisture status of the: soil 'profile
each year (Table” 4 a). It varied from ‘82
mm to 143 mm in . 1979-80 and 99 mm
to 158 mm in '1980-81. Water-use
efficiency values were also large at goad
soil profile moisture status which
decreased with decrease "in moisture
in soil, from 9.93 to 3.11 kg-mmjha in
1979-80 and 15.76 10 3.81 kg mm/ha in
1880-81.. The ' seed ‘FIEId relatmnsl:up'

‘with consumptive use was calculated
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through regression equations as under:

ﬁ- i
Y~ 0187X
- 12.9767 (1979 '80)

Consumptive use vs
Seed vield (alha) :

A
Y = 0 3588.x
~ 30.983 (1980-81)
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Thus, large consumptive use resulted
in higher. seed yield which is conformed
from the +tive and large ' values of
0.8994 and - 0.992 for 1979-80 and
1980.81 respectively.

" Application of sulphur increased
the consumptive use upto 80 kg S/ha
during both years (Table 4 b). Water-
use efficiency values increased with
the increasing levels of sulphur in
1979-B0° and upto 80 kg S/ha in
1980-81 with 8,76 kg-mm/ha and 12 69
kg-mm/ha values,  respectively, The
higher water-use -efficiency values with
rates of sulphur may be attributed to
the balanced uptake of nutrients and
role played by sulphur in development
of the plants to extract more moisture
from soil drofile to produce large seed
yields as well.

Economics :

Economics of sulphur fertllization
was worked out with sub-optimum,
tormal and good available profile mois-
ture to the mustard crop (Table B).
The cost of the seed and sulphur was
valued @ Rs 4.25 and Rs. 1.78 for
each kg respectively. The recharging of
soil profile to build normal and good
soil profile moisture was rated to Rs. 20.0
and Rs. 120 per ha. All operations
done common were not taken into
account while working out the economics
with mean seed yield of various treat-
ments combinations.

Highest profit over
fertilization in mustard with good and
normal moisture supply conditions was
recorded at 80 kg S/ha, with Rs. 1918.85

no  sulphur .
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and Rs. 2122.85/ha respectively (Table
5). In sub-optimum conditions large
profit of Rs. 916.90/ha was recorded
at 120 kg Sfha, which was lesser than
all the sulphur rates at normal and good
available moisture in soil profile.

Author is grateful to the Director
of Research, Haryana Agricultural
University, Hissar fot providing facilities
and Mr. M. S. Panghal Agricultural
Inspector for the help extended in field
operations.

REFERENES

A,0.AC, 1960, Methods ol analysis, 7th sd.
Agcociation or official *Analytical chamists:
washington,

ARCHER, M.J. 1874. A gand culture exparimont
tea compara the eifects of S onfive wheat
cultures (T. sestivum L.). Austealian J, Aglh
Res, 25 1 367-80. '

FREEMAN. G.G, and M, MOSEADEGHI, 1972,
Studies on sulphur nutrietion Maveur end
allyl-iso-thlocynate formetion in Bressice
juncea (L), Cots & Czern (Brown mustard},
d. Sci. Fd. Agrie, 23; 1335-46.

KANWAR, J.5. and N.5, RANDHAWA. 1974,
Tech, Bull, (agri,) I1G, &, R.. New Dslhl PP,
185, i

PASRICHA, NS, and N. S5, RANDHAWA 1872,
Interaction elfect of sulphur snd molybdenum
on the uptake and utllizatlon of these sle-
ments by rays (Brassice junces L.) PL Soll
37 : 216-20.

PASRICHA, N5, and N,5. RADHAWER, 1873,
Sulphur nuteltion of ¢rope from netive snd
spplied sources. Indlan J, sgric, Scl. 43 -
27074,

SINGH, N, B, V, SUBIAH, esnd Y, P, GUPTA
1370. Response ol groundnut end mustard
to zulphur spplication, Indlen J. sgrle. Sch
40 ; 24-27,



SiNGH

KIaH, 0. P. 1976, Heeponso of muetard [Bras-
sica junces (L) Czern & Costl to seluel
coerees of suphur on alkaline “caleareous
aoll. Ph. B. Thozis, 'Untu, af Udaipur.

SINGH, B.P. 1983. Reoponse of taramira (Eruce
sativa mill) to sulphur soplication  Indian
J, agrie, Scl, 53 (8) : (In piess),

SInGH M. and M, SINGH, 1978, Etlect ot suipnur

onthe quality of raya.Biassica junces Cass)
Ji Indian Soc, Seil, 5¢i, 28 : 203-7;

Table 1: Weekly rainfail pumber of rainv deve and

Vol 215iNa. 8

TaBATARAL MA-
wrbidemetric mnﬂmd a[ duhrmrnmg Ju'l;':hur
in plant meterials: Anmn. 4.82 ¢ sns -8

U.5:0.A,, 1973, Agriculture ‘Hand baok Hn "ﬁl.'i,:
{€d. Richard L.A, Dingonois 'lld Irliptwa-
ment af saline ond alkali soils. 2 hﬁ' 'Imﬁlm

. teprint) Oxtord & 1 8M Pub.’ ' Co. New. Dolky;
. Bombay Caleutts.

rainfall'periods during crop  seasons of 1979-80.ane

. 1980-81
Meteoro- Raintall {(mm) ro. of [RINY ABYS
Pariode logical - -

. woeks 1979-80 1580-81 1979-80 1580-81
22 Oet, — 28 Detaber 43 — — — —
29 Oot. — & movember a4 — 1.4 —_— 1

6 Nov. — 11 Movember 45 - — - Iy
12 Moy, — 18 Novembar 46 — L — —
18 Nov, — 25 November 47 - —_ — —_
206 Nov, — 2 December 48 — _ L i

3 Dec, — B Docomber 49 — —_ — J s
%0:Dec. — 16 Decembor 1) 8.2 — 2 -
17 Dec. — 23 Decembar Bt - 102 — _
24 Dee, — 31 Decamber 3z — - - p—

1 Jan. — 7 January 1 5.4 AR 2 2

B Jden, — ¥4 genuary z —_ — iy e
16 Jan — 21 Janusery 2 - — — —
12 Jan, — 28 Jonuvary & a2 T ] 1 q!
29 Jen, — & Fubrusry 5 0,2 — 1 =

5 Feb, — 11 February 7] 2.6 i 1 —_
12 Fob, — 18 Fubruary 7 — e _ _
19 Fab. — 25 February 2 -— — — fod
26 Feb, — @ Mareh ‘g - 7.0 2 i

B March, — 11 March 10 0.4 1 bt

Total 21.0 430 7 7

168,
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Table 2 . Effact of 20il profile moisture and rates of sulphur on the sesd yiald, protein  production of

mustard

Treatments Seed yleld (q/ha) Proteln production (kg/ha) Suiphur (%,) content

‘ ) In seedlings

1979 80 1980-81 1979 8o 1880-81 1979-80 1980-81
(a)-Eﬂect of soil profils moisture :
Good 1420 2506 49.4 860 0.37 0.36
Normal ST 8460 ' 1913 33.5 " 666 038 037
Sub-optimum 2 6% 3,87 - 91 V3.6 0.38 0,38
C.D, at 6%, 125 298 60 7.3 NS NS
{b) Effoct of rates of sulphur (kg/ha) ;

0 - 593 138 218 506 036 03¢
40 ' 8.28. 1736 28.4 60.4 037 0.40
80 10.33 1713 36,7 . bB.4 033 0,39

120 10,42 16.73 35,3 62.7 040 0,39
C.D 815% 1.44 2,65 51 . 62 003 0.04

Table 3 : Effect of soil protile moisture and rates of sulphur on the oil percent ol yield, Allyl-iso-thiocy-
nste contsnt and sulphur uptake (in seeds) of mustard

Treatments Qil (%) in seed Q! yiald Allyl-iso thio- Uptake of sulphur
cynste
(ko/ha) (%) (kg/ha)
1979-80 1980-81 1879.80 §0.81 ° 1879-30 Bo-81 1978.80 80-81

(&) Eftact of soil profile moisture ;

Good 3688 36 80 523.7 $22,2 0.450 0459 127 220
tNormal 37.85 3688 3581 7055 0.465 0476 20 17.8
Sub-optimum = 3823 37.18 878 1424 0475 0482 25 36
C.D st 5% NS NS 120 17.0 NS NS .7 1.2
(b) El!ecl-_ of ratas of sulphur (kg/ha):

0 . 36.20 3610 2153 486.8 0430 0,421 46 105
20 ] 3760 3693 317 6407 0.453 0.414 70 158
g0 3B 60 37,80 398.7 647.5 D471 0.461 103 168
320 . . 88,77 3813 " 4040 6998 0,610 0483 10.8  16.0
C.D. #15%, 141 1,20 §2 121 0.025 0,02V 1.2 09

© NS = tlot signiticant,
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Teble & ¢ Effact of roll protile molsturs snd sulphur rates on consumptlve - use and water-use -sfflolsney
ol mustsrd

' ) "Ll .‘:'-I oL '.H r'sf
Treatmonte Consumptive ugd (mm) Water-uso njl]ﬂ!n:gjr_ Ikﬂ'mﬂl.’hl}
1678.80 1980-81 1978-80 1931}__..?1. s

{a] Eflect o! golls preflle molsture :

Good SR T R - 8,93 1878
Normal 124 135 7.63 14.17
Sub-optimum B2 as an B8
(b} Elfest of rates of sulphur
Q kofha 1o 123 .39 1128
40 kg/ha LY 136 7.08 12.85
B0 kg/hn ELE:} 136 B E2 12.68

120 kg/hs 119 133 838 11,83

Table 6.. Econemler of soll molsture In profile and eulphur fertilizatien In musterd
{1970-80 & 1980-81)

. Mean iﬂ.ld Valus  Castof Fréﬁt ‘Profit over
Treatmant yleld trentment - . control
{q/he) (Rs/ha) ~ (Ra/ha) (Ra/ha) . (Ms/ha)

Good moisture with 0 kg S/he 1870 708750 200.00 ©897.50 -
. w ., G0 =do- 20.83 8874,00 271,20 860280 1706.30
o w . 80, 21.65 BI1S8 75 34240 . 8816.35 1918 B6
- w . 1200, - 19.40  B246.00 413,60 783140 93390
Normal ., ., L - %1.065 AE86:26  120.00 4576,26 . —
. 1447  ©149.75 19120 695885 - 1382.30
W . . BOD 1638  §961.60 26240 6695,10  2122.86
- . e T20 16.20  €460.00 33660 €)24.00 - 164776
Sub-optimum ., 0 . 1.06 833.00 = B3300 ©° —
e -i a0 3 1321,75 7120 1250.58 417.56
w e w80 356 160876 14240 136635  533.35
S - 462 196350 21360 174980 916,90
) L ’ ' o,

= TP
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