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ABSTRACT

A field experrment was conducted during the winter (rabl) seasons of 1995-97
" to assess the performance of potato (Solanum tuberosum L. ) in potato-based
intercropping systems (sole potato and 6 intercropping systems created by -
intercropping 3 Brassica spp. at the time of potato planting and 20 days after

~ potato planting in 3:1 replacement series) under 5 fertility levels (N,, N, N, ., N

+ S, and N, + S, kg/ha) Irrespective of staggered sowing, intercrop caused

- significant reductlon in leaf-area index (LAl), tubers/hill,-proportion of A-grade
‘tubers, tuber yield and green tubers (%) when compared with sole crop of potato,
whereas plant height and- shoots/hill remained unaffected. Among the
intercropping systems, potato+staggeredly sown Brassica carinata A. Braun
showed its superiority by recording relatively higher values of growth and yield
attributes, yield of A-grade tubers and tuber yield’/ha and minimum value of green
tubers(%). Irrespective of time of sowing, Brassica carinata and its system with
potato recorded the highest seed yield and tuber equivalent respectively. Nitrogen -
application induced significant increase in number of shoots and tubers/hill only
- up to 75 kg N/ha, whereas plant height, LA, yield of A- and B-grade tubers and -
tuber, seed and tuber-equivalent yields/ha recorded significant increase up to 150
kg N/ha. Application N+S caused perceptible increase |n the seed yield, B- grade
-tubers and tuber-equrvalent yield over N alone.

- Key words Potato Olelferous br‘assrcas Intercroppmg, Staggered
sowmg, Nitrogen, Sulphur

Potato (Solanum tuberosum 1.) is a
high-input management crop. At the same
time, its cultivation involves high degree
of risk due to disease infestation, its
. sensitiveness to unfavourable climatic
conditions and market forces. As a results

of these factors, both yield and economic
returns are unstable and at times
uneconomical. To alleviate this problem,
intercropping of Indian mustard [Brassica
juncea (L.) Czemnj. & Cosson] with potato
has been recommended in the north—west



ot

part of India for stabilizing farmer’s income .
from potato cultivation and increasing -

oilseed production (Saran et al., 1994). In

- addition to Brassica juncea, gobhi sarson

(Brassica napus ssp oleifera var. annua)
and Karan rai (Brassica carinata A. Braun)
also stand a better chance of intercropping
with potato due to differences in yield

potential and growth rhythm (Narwal and

Prakash, 1989; Saran and Rana, 1996). The

spatial and temporal complementarity of
_ the :
. manipulated further by resorting to
staggered sowing of the component crops.:
There is practically, no information-
~available on the comparative performance
of these Brassica spp. in intercropping.
-system with potato under staggered sowing

intercropping systems can be

and different combinations of nitrogen and
sulphur. Hence a field experiment was
conduced to screen oleiferous brassica for

intercropping with potato and response of

the emerging cropping systems to the
staggered sowing of component crops and
combination of nitrogen. and sulphur.
Results pertaining to growth and yield
attributes of potato, tuber quality and yield

‘at harvest are presented here.’

MATERIALS AND METHODS

A field experiment was conducted dur-
ing winter seasons -of 1995-96 and 1996—
97 at Indian Agricultural Research Institute,
New Delhi. The soil was sandy loam with
pH 7.2 and having low available nitrogen
(270 kg N/ha) and medium available phos-
phorus (14 kg/ha), potassium (202 kg/ha)

~ and sulphur (13.3 ppm). The experiment

was laid out in split-plot design with 3 rep-
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lications. The main plot treatments com-
prised 7 cropping systems, whereas sub
plots received 5 fertility levels. Of the 7

_ cropping systems, the sole crop of potato

was sown in rows inter-spaced at 60 cm,
while the remaining 6 cropping systems
were created by replacing every fourth row
of potato with 1 row of either Indian mus-
tard ‘Pusa Jaikisan’ cv. or Brassica napus
strain ‘ISN 706’ or Ethiopian mustard c.v.

‘DLSC 1 in combination with staggered

sowing of the brassicas (sowing at the time -
of potato planting (D,) and 20 days after

_ potato planting (D2).'Fiv'e fertility levels -

were 0, 75 and 150 kg N/ha and combina- -
tion of 30 kg S/ha with 75 and 150 kg N/ha.

Both potato and brassicas were planted on .

ridges. Sole potato was planted on 4 No-
vember 1996 and 22 October 1997 at 60 ¢cm
x 20 cm spacing and same date of planting
as well as population ‘were maintained in
intercropped potato by ‘adjusting intra-hill
distance. In brassica, uniform intra-row
spacing of 10 cm was maintained by thin-
ning at appropriate stage. Half nitrogen and
full dose of sulphur as per treatments and
80 kg P,0; and 100 kg K,0/ha were ap-
plied plot-wise on the demarcated lines be-
fore the preparation of ridges. Remaining
half dose of nitrogen was top-dressed at the

-time of earthing up. First irrigation was .

given just after the planting of potato and
remaining irrigations were given as per rec-
ommendation for potato.

Growth and yield attributes were
recorded at different growth stages from 5
random plants, whereas the tuber quality
and tuber. yield were assessed on the basis

of the produce recorded from the net plot.
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RESULTS AND DISCUSSION

Growth and yield attributes of potato
The effect of cropping systems on the
plant height and shoots/hill of potato was
- not merked in any of the seasons (Table 1).
In the former case, the effect of intercrop
might have been offset by the ability of the
plant to grow taller under the impact of
shade, whereas in the later case, i.e. shoots/
~ hill, the number of shoots were decided at
the initial stage of crop growth when the
impact of i‘ntercyropthast absent. The leaf-
area index (LAI) and tubers/hill showed

marked variation due to cropping systems
- in both the seasons. Sole crop of potato-

recorded significantly higher number of
* tubers/hill compared with intercropped
stands except intércropping with B.
carinata’in the second season. Among
intercropping systems, the stand with
Brassica ¢arinata produced maximum
number of tubers/hill irrespective of time of
sowing of intercrop. The stand created by
simultaneous sowing of Brassica juncea
produced minimum tubers/hill. Sole crop of
potato recorded the highest LAT at 90 days
after planting during both the years,
however it was of the same statistical order
compared with C,, C,, C, and C, during the
first year and C,, C; and C, systems during
the second year. The variation in LAI and
tubers/hill might be because of variation in
plant density of potato, and levels of
_ intercrop interference. These results support
those reported by Narwal and Prakash
(1989) and Saran et al.(1994).

"The significant effect of N on plant

height and LAI was up to 150 kg N/ha,
while on number of shoots and tubers/hill
~ showed significant increase only up to 75
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kg N/ha. Addition of 30 kg S/ha with N
improved the growth and yield attributes
over N alone but margin so created was
found significant on number of tubers/hill
during 1995-96. The increase in plant
height with N application may be ascribed
to the role of nitrogen in meristemetic
activity, which increased the number of
nodes and or internodes length, resulting an
increase in plant height. The favourable
effect of nitrogen on number of shoots/hill
might be explained that in the process of
establishment and initial growth the root
syster was not well developed, so some of
the sprouts/shoots might have failed to
establish under insufficient supply -of
nitrogen. Nitrogen being the constituent of
amino acids, proteins and protoplast,

induced better mobilization and utilization

of photosynthates (Wright et al., 1988)
resulting in rapid expansion of leaves and
variation in LAL The favourable influence
of N on tubers/hill might be ascribed to
variable availability of photosynthates for
stolenization and tuberization. These-
findings confirm the reports of Singh and
Sood (1996) and Saran et al. (1994) in
intercropping of potato with various crops.

Grade-wise tuber yield

Grade-wise tuber yield of sole potato
was significantly higher than any of the
intercropping systems except small-grade
tubers during 1996-97, which may be
ascribed to low plant density, higher leaf
area and absence of intercrop competition
in sole stand (Table 2). Among the inter-
cropping systems, tuber yield of large-
grade and medium-grade tubers was the
greatest in staggeredly sown potato +



Table 1. Height (cm) of main shoot, number of shoots/hill, leaf-area index and number of tubers/hill of potato as inﬂuénccd by cropping systems
and fertility levels ’ k

Treatment o Height (cm) at Shoots/hill " LAlat Tubers/hill
: 80 days* at 70 days* 90 days* at 110 days*

1995-96 1996-97 - 1995-96  1996-97 1995-96  1996-97 1995-96  1996-97

Cropping system o o ‘
C,, Sole potato (60 cm)  ° 453 40.0 4.60 421 © 354 3.04 10.70 9.83

C,, Potato + B. juncea, D, 3:1 . 43.1 377 4.13 371 3.15 276 9.96 8.73
C,, Potato + B. juncea, D,, 3:1 43.9 30.1 4.06 371 334 234 9.84 9.03
C, Potato + B. carinata,D,,3:1  42.8 398 446 3.89 3.37 2.90 10.19 9.35
C, Potato + B. carinaia, D, 311 45.7 367 442 3.82 3.50 295 1220 . 9.35
C,, Potato + B. napus, D,, 3:1 435 383 460 3.86 3.22 284 10.02 8.87
C,. Potato + B. napus, D,, 3:1 44.4 376 466 393 342 . 294 - 1005 9.01

CD (P=0.05) NS NS NS NS 0.22 0.16 0.49 0.58

Fertility (ke/ha) - -

F, ON 323 320 379 3.9 265 2.02 883 790
F, 75N . B9 386 459 395 341 299 109 9.33
'E, 150N - . 49.3 410 4.66 408 - 365 - 325 10.1‘9' | 9,55
F,75N+30S 456 390 . 430 3.92 341 300 1082 9.60
F, 150N +30S 493 a5 - 486 420 370 - 328 10.75 9.51

CD (P=0.05) ° 2.02 20 077 om L 0.16 011" . 050 0.4

LAl Leaf-area index; NS, not signiﬁcant; *days, days after planting; D,, Brassica species véown at the time of plax;ting potato; D,, Brassica-spe-
cies sown 20 days after planting potato; N, nitrogen; S, sulphur : ‘

Sy SIWHLSAS ONIJJO¥OUALNI AASVE-OLVLIOd NI SONVIWIOL48d OLV.LOd [1007 Joquiaides



436

Brassica carinata (C;). This margin was
significantly superior to rest of systems
during 1995-96 and C, during 1996-97.
Irrespective of the Brassica species,
staggered sowing gave higher tuber yield of

large- and medium-size tubers over.

- simultaneous sowing and the margin with
respect to medium-grade tubers during
1996-97 in respective species was found

significant. This behaviour of grade-wise

tuber yield may be ascribed to low growth
- profile of Brassica carinata in the

beginnning and shifting of sowing by 20

days which did not offer intensive
competition during the bulking stage.
Positive effect of N application was
recorded on the large- and medium-size
tuber yield up to 150 kg N/ha in both the
years. Influence of N on small-grade tubers
- was not visible during 1995-96, whereas a
significant decline in small-size tubers was
noted due to N application during 1996-97.
This may be attributed to better nourish-
ment of the tubers in terms of photosyn-
thates and nutrients at higher level of
nitrogen. Tuber yield of medium-size

tubers was further improved by the

inclusion of S with N over N alone, but
marked impact was observed only during
1995-96.

Green tuber (%) at harvest ;
The influence of cropping systems on
green tubers (%) at harvest was significant
in both the crop seasons (Table 2). In sole
crop of potato, the highest percentage of
green tubers was recorded, which differed
statistically to any other system; barring C,
and C; during 1995-96. Among the
intercropping systems, C, system recorded
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the minimum number of green tubers,
followed by C;, C, and C, systems.
Significant variation among the cropping
systems with respect to green tubers(%)
might be explained on the basis of
differential shading.caused by Brassica
species due to variation in their growth
rhythm and date of sowing. Similar
observations were also made by Nankar

(1990) in potato intercropped with -

sugarcane.

Tuber yield, seed yield and tuber-
equivalent yield '

The tuber yield of potato was greatly
influenced by the cropping systems and
fertility levels (Table 3). The tuber yield of
potato was the highest in sole stand due to
less competition for space, light, moisture
and nutrients. Among the intercropping
systems, potato+Brassicas carinata on an
average gave higher tuber yield, Which _.
might be attributed to the variation in the
growth rhythm of brassicas. Brassica

" juncea and Brassica napus caused early

shading of the potato crop, resulting
reduction in the yield attributes and thereby
in the tuber yield. Irrespective of the
species, staggered sowing produced more
tubers across the years due to shift in
setting of competition between the
components by 20 days. On pooled basis,
intercropped potato gave higher tuber-yield
recovery than the area occupied by it and
the highest recovery (83.8%) was recorded .
in potato+staggered sown B. carinata. This
was because of higher plant density under
intercropped stand which partly compen-
sated for the adverse effect of intercrop on
the tuber yield. The results are in confirmity



Table 2. Grade-wise tuber yield (q/ha) and green tubers (%) at harvest as influenced by cropping systems and ferfility levels

Treatment Grade-wise tuber yield (g/ha) Green tubers
| . ~ %)
‘ 1995-96 1996-97
— - . 1995- 1996—
A-grade-  B-grade C-grade A-grade B-grade C-grade 96 97
>75g  2575g <25g 575 g 2575g - <25g : .
Cropping system : - _ _ S ' : .
C,, Sole potato (60 cm) 1259 1225 55.1 683 166.8 27.9 7.50 6.25
C,, Potato + B. juncea, D, 3:1 77.7 104.4 36.1 52.3 127.5 533 6.75. 5.00
C,, Potato + B. juncea, D,, 31 808  109.0 407 553 138.1 34.6 6.50 4.50
C,, Potato + B. carinata, D , 3:1 81.6 - 109.0 323 545 1329 335 425 3.00
C,, Potato + B. carinata, D,, 3:1 87.0 1124 . 34.4 58.1 145.3 331 . - 450 ' 3.25
C,, Potato + B. napus, D, 3:1 79.1 106.0 38.9 54.9 118.5 32,0 5.00 375
C, Potato + B. napus, D, 3:1 806 . 1073 436. 55.1 1348 . 309 4.25 3.50
~ CD(P=0.05) .. 56 82 -+ 130 59 10.1 44 1.28 - 1.00.
Fertility level (kg/ha)- _ , ) _
F,ON 487 786 395 301 7.7 355
F, 75N " 80.1 101.9 . 378 57.2 1327 325
F,, 150N 107.0 124.8 419 7.1 1652 30.6
F,7SN+30§ 860 1133 406 514 . 1407 319
F,, 1S0N+30S - 106.1 1343 409 691 1722 . 318
- CD(P=005) 63 63 NS 5.1 82 30

D, Brassica species sown at the time of planting potato; D,, Brassica species sown 20 days after planting potato; N, nitrogen; S, sulphur
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Table 3. Tuber yield, seed yield, and tuber-equivalent yield as influenced by cropping systems and fertility levels

Treatrﬁent. : . Tuber yield (g/ha) . Seed yield (q/ha) Tuber-equivalent yield (g/ha)
1995-96 1996-97  Pooled ) 1995-96 1996-97 Pooled 1995-96 1996-97 Pooled
Cropping system

C,. Sole potato (60 cm) - 2940  266.0 280.0(100.0) ' 2940 266.0 280.0
C,, Potato + B. juncea, D, 3:1 2189 2155  216.8(774) 1012 12.98 - 11.55 3000 3206 3104
C,, Potato + B. juncea, Dz,‘ 3:1 2302  228.0 °229.3(81.9) 6.31 7.93 7.12 282.1 292.2 287.1
C,, Potato + B. carinata, D,, 31 2232 2208 221.5(79.1) 1324~ 2293 . 18.08 330.0 406.5 368.3
C., Potato + B. carinata, D,,31 2340 2360 234.6(83.8) 11.96 16.84 14.40 331.0 372.6 351.5
C. Potato + B. napus, D, 3:1 224.1 2054 2145 (76.6) 8.76 10.67 9.70 2954.0 291.8 293.5
C,, Potato + B. napus, D,, 3:1 2326 2207 2249 (80.3) 6.73 10.98 885 . 2860 309.3 297.5
CD (P = 0.05) 144 112 123 094 115 1.04 20.0 182 170

Fertility level (kg/ha) '
F,0ON 1674  143.7 155.1(81.0) 6.99 8.39 7.66 2161 2014 208.1
F,75N 2282 2229 2254 (81.0) 9.20 13.42 11.28 2928 316.0 304.4
F,, 150N 273.6 2674  269.9 (81.5) 1007 1524 12.69 343.8 3733 358.6
F,,75N+308 : 238.0 230.2 234.3(81.0) 10.16 14.51 12.38 309.3 330.8 320.0
F,, 150N +30S 2814 2734 277.1(82.0) 11.15 17.06 14.06 358.1 391.8 375.2
CD (P =0.05) » 12.3 9.4 9.1 1.48 1.44 1.44 . 8.5 " 133 7.9

D,, Brassica species sown at the time of planting potato; D,, Brassica species sown 20 days after planting potato; N, nitrogen; S, sulphur
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with the findings reported by Narwal and
Prakash (1989) and Rana and Saran (1998)..
Seed yield of B. carinata was significantly
higher because of its profused branching
habit and the greatest siliquae/ plant. Due to
unfavourable effect of delayed sowing, there
was a significant reduction in seed yield of
brassicas. Intercropping of potato with B.
carinata was found to be the best combi-
nation in term of tuber-equivalent yield.

The tuber yield increased significantly'

with N up to 150 kg/ha, being the result of
overall improvement in growth and yield

attributes. On the pooled basis, the

application of 75 and 150 kg N/ha increa-
sed tuber yield by 46.2 and 17.8% over
their préceeding level respectively. The
increase in tuber yield owing to application
of 30 kg S/ha along with N was 5.12 and
4.6% over 75 and 150 kg N respectively.
Singh and Sood (1996) also reported
increase in tuber yield with nitrogen.
Influence of fertility levels on the tuber-
yield recovery was not consistent over 2
years. Nitrogen response to seed yield was
up to 75 kg N/ha during 1995-96 and 150
kg N/ha during 1996-97, which might be
attributed to the corresponding increase in
the growth and yield attributes. Sulphur

application along with N improved the seed .-
"yield. Nitrogen alone and in combination

with S significantly imp}oved tuber-
equivalent yield over their preceding level.
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