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ABSTRACT

Low profitability from jute farming, declining jute area and negligible
pulse area are the rising concerns of farmers of Indo-Bangla
subcontinent. This paper evaluated the extent of yield competition in jute-
mungbean intercropping with varying spatial geometry under alternate
single row (SR) and double row (DR) planting. Two 2-year field
experiments were conducted independently for the two systems of
plantings involving jute (cv NJ 7010) and mungbean (cv TMB-37)
arranged in systematic designs for 3x3x3 spacing and plant density
combinations with three replications. Yield competition was assessed
using indices. Intercropping was found productive and profitable
compared to sole cropping. Land equivalent ratios (LER) and area x time
equivalent ratios (ATER) always exceeded unity. Jute equivalent yield
(JEY) increased in the range of 4.9-45.3% and 30.7-51.1% over sole jute
fibre yield and mean monetary advantage index exceeded 27100 and
31800 % ha™ for SR and DR planting, respectively. Economic advantage
was higher for spacing combinations of 40 cm (row to row) x 6.5-8 cm
(jute to jute in a row) x 10-12 cm (mungbean to mungbean in a row) in
SR planting and for DR system it was at a band-to-band spacing of 11
cm with plant densities of 40-50 m? for jute and 25-30 m for mungbean.
Dense and intimate planting of jute reduced mung seed yield due to light
stress. DR planting seemed more advantageous.

Keywords: Competition Indices, Corchorus olitorius, Jute-mungbean
intercropping, Spatial arrangement, Systematic design, Vigna radiata

INTRODUCTION

Intercropping is the practice of growing two or more crops simultaneously on the
same piece of land, where at least a portion of their respective production cycle
overlap and crops are planted in sufficient closeness to offer competition for
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resources to each other (Hiebsch and McCollum, 1987). It is a prevalent practice
among small holder subsistence farmers in tropical and sub-tropical latitudes
(Dasgupta and Roy, 2016) and it can address the rising concerns on economic return,
nutrition and climate change (Li et al., 2019).

Jute, traditionally grown as rainfed sole crop, is the most affordable natural fibre and
economically important crop of India and Bangladesh, sharing nearly similar agro-
climatic conditions and small land holding (Mandal, 2016; George, 2015).
Constraints in jute fibre profitability have led to its alarming area shrinkage during
previous two decades in India (Kumari et al., 2018).

Extensive adaptation of legumes to several cropping systems has been studied widely
(Li et al., 2019; Ofori and Stern, 1987). It is more suitable in low-input and labor-
intensive small-scale farming to ensure dependability of return in the event of crop
loss, providing nutritious food and fodder and replenishing rich organic manure to
soil (Altieri et al., 2012; Dasgupta and Roy, 2016; Rao and Willey, 1980). Shrinkage
in acreages of these two crops started with the drive on production of more cereals
(Dasgupta and Roy, 2016). Study on adaptation of mungbean in jute farming is
emerging. India and Bangladesh are major importers of pulses with near-stagnated
area and lesser possibility to increase in the future (Ali et al., 2012). Summer
mungbean productivity of West Bengal, (0.893 t ha™) and a potential seed yield of
0.7 to 1.0 t ha™ is easily attainable in jute-mungbean intercropping (Ghorai et al.,
2016). Recent advances in premature flowering resistant jute cultivars (Rahaman and
Prasad, 2018) and development of short duration biotic stress resistant mungbean
cultivars (Chadha, 2010) have opened the prospect of growing the crops together. In
sole cropping, jute grows with a plant density of 35-50 m? and spacing of 25-30 cm
x 7-8 cm. Whereas, summer sole mungbean (March-May) is cultivated with a plant
density of 25-30 m™ and spacing of 25-30 cm x 12-15 cm in West Bengal condition.
As intercrop, mungbean effectively smother weeds in jute, reduce cost of weeding
and add organic residue to soil (Ghorai et al., 2016).

Productivity and efficiency of intercropping system depends, largely on the spatial
geometry of the component crops (Natarajan, 1990). For evaluation of the
competition effects with spatial geometry and density (plants per unit area),
experiments even with one species is challenging to randomization. The problem
becomes more difficult with two or more crop species. To overcome the difficulties,
systematic designs had been implemented (Snaydon, 1991; Mead, 1990; Natarajan,
1990; Thattil and Costa, 1988; Willey and Rao, 1980; Mead and Stern, 1980; Huxley
and Maingu, 1978).

This study evaluated the nature and extent of competition of jute (cv NJ 7010) and
mungbean (cv TMB-37) in intercropping system under varied spatial arrangements.
In a three-way systematic design, crops were planted in two types of row
arrangements, (a) alternate single row (SR), i.e., 1:1 row system and (b) alternate
double row (DR), i.e., 2:2 row system with14 cm wide two rows of either of the
crops forming a narrow strip or a band. In this innovative study we aimed to achieve
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a reasonably full fibre yield as in sole jute, the main crop, along with some additional
seed yield of mungbean. We hypothesize that information from this study will
encourage to extensively integrate the practice of intercropping of mungbean with
jute farming and will give impetus to study different aspects of jute-mungbean
intercropping.

MATERIALS AND METHODS
Experimental site

The study was performed at the research farm of the Indian Council of
Agricultural Research - Central Research Institute for Jute and Allied Fibres,
Barrackpore, West Bengal, India (22°45'N, 88°25'E; 9.69 m above mean sea
level). The soil was Gangetic alluvium order inceptisol, having pH 7.23 (1:2.5
w/v), organic carbon 5.50 g kg™, medium in fertility. The climate was humid
tropical and it received an average annual rainfall of 1383.2mm. The trial was
conducted between the third weeks of March to July of 2016 to 2018. Table 1
presents the weekly mean weather records of last 30 years (1989-2018) during the
pre-monsoon summer months (March-May), coinciding with the production cycle
of mungbean and rainfall distribution during 2016-2018. In 2016, the total rainfall
was nearer to its long-term mean, with uneven distribution. In contrast, it was
very low in 2017 and well distributed and excess in 2018.

Table 1. Long-term weekly weather record and rainfall distribution pattern of 2016-
18 during the growing season of summer mungbean

Average of 30 years (1989-2018) 2016 2017 2018

Standard -
Meteorological ~ RH (%) (Ff, /':; Max - MIN - Rainfall - Rainfall Rainfall  Rainfall
Week (SMW) (morning) (noon) (Oc)p (OC)p (mm) (mm) (mm) (mm)

10 92.8 425 31.9 18.1 1.9 0.0 23.8 0.0
11 934 44.0 32.6 19.3 3.3 0.0 1.2 0.0
12 93.3 46.6 34.0 215 9.9 24.0 2.4 0.0
13 91.9 50.1 33.8 224 13.0 0.0 0.0 16.8
14 91.6 50.9 345 23.2 8.7 0.0 1.0 44.4
15 90.0 49.0 355 23.7 13.9 0.0 0.0 8.0
16 89.9 525 35.8 249 8.9 0.0 0.0 29.2
17 88.9 54.9 35.7 244 15.3 0.0 0.0 524
18 88.0 56.8 35.3 24.8 21.8 9.8 13.2 57.0
19 88.9 58.2 35.6 255 25.2 87.0 1.4 40.0
20 89.7 60.7 355 25.0 32.0 76.4 4.4 412
21 90.6 64.0 35.0 254 33.7 29.6 8.0 39.0
22 89.4 62.1 35.2 26.2 46.9 344 91.2 84.2
23 90.4 67.6 349 26.1 39 0.0 7.8 8

Total 2735 261.2 154.4 420.2
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Treatment combinations

Factorial treatment combinations for alternate single row planting (SR) and
layout

Let I, J and M denote, respectively, the three factors, inter-row spacing (cm), intra-
row jute plant spacing (cm) and intra-row mungbean plant spacing (cm), each at 3
levels (35, 40, 45), (5.0, 6.5, 8.0) and (8, 10, 12), respectively. The 3x3x3 factorial
treatment combinations are (35, 5, 8), (35, 5, 10), (35, 5, 12), . . ., (45, 8, 12) and
corresponded to Ty, Ty, Ts, . . ., Toy, respectively. Table 2 listed the treatment
combinations and the range of plant densities.

For a replicate, the layout took a typical form as in Figure 1(a). In a replicate, 18x6.5
m? area was split breadthways into 3 segments of width 2.28, 2.18 and 2 m,
accommodated equal number of jute and mungbean rows in a segment, for
systematically allocating the 3 levels of inter-row spacing (35, 40, 45 cm) in
ascending or descending order. Within a segment, the 3 levels of intra-row jute
spacing are arranged systematically in ascending or descending order, forming 3 sub-
segments, each of length 6 m. Again, within a 6 m long sub-segment receiving a
particular level of intra-row jute spacing, 3 sub-sub-segments of length 2 m each, 3
intra-row mungbean spacing levels are allotted systematically in a manner such that
the adjacent sub-segments within a segment looks a mirror image of the other for
mungbean intra-row spacing combinations. Each factor of spacing varied
independently of the other.
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Figure 1. Layout of a three-way systematic design. o: jute, ®: mungbean. (a)
Alternate single row (SR) arrangement: is = inter-row spacing; j, = intra-
row spacing of jute; m, = intra-row spacing of mungbean; (b) Alternate
double row (DR) arrangement, 14 cm wide two rows form a narrow strip or
a band. Factor levels: i's = inter-band spacing; j'; = jute plant density; m', =
mungbean plant density, where s, t,u=1, 2, 3.

Factorial treatment combinations for the alternate double row planting (DR)
and its layout

Letl’, J'and M denote, respectively, the 3 factors of inter-band spacing (cm), jute plant
density (ha™') and mungbean plant density (ha™) each at 3 levels (11, 14, 17), (3, 4, 5)
and (2, 2.5, 3). The 3x3x3 factorial treatment combinations are (11, 3, 2), (11, 3, 2.5),
(11, 3, 3),..., (17, 5, 3), corresponded to T'y, T, T's,... T'y;. Table 3 listed the treatment
combinations and the range of intra-plant spacing combinations.

For a replicate, the layout for DR system took a typical form as in Figure 1(b). Itis
similar to that of SR, except the inter-band spacing and plant density respectively
replaced the factors of inter-row spacing and intra-plant spacing of component crops
in SR.

Management of crops and data recording

A basal fertilizer dose (10:26:26 of N:P:K at the rate of 250 kg ha™) was applied
during sowing. Jute (cv NJ 7010) and mungbean (cv TMB-37) seeds were line sown
in East-West direction, at 2-3 cm and 4-6 cm soil depth, respectively, on the third
week of March and was irrigated (50 mm). Designed spacing combinations or plant
stands were maintained after final thinning. Sole jute plot was top dressed with N
fertilizer at the rate of 20 kg ha™® at 21 DAS and 40 DAS. Top dressings of N-
fertilizer were withheld for intercropped plots until the final pod-picking day.
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Table 2. Treatment combinations with inter-row spacing and within-row plant spacing levels, corresponding plant
densities, biological yield of jute fibre and mungbean seed, jute equivalent yield (JEY), land equivalent ratio
(LER), area x time equivalent ratio (ATER), relative crowding coefficient (K), aggressivity (A) and monetary
advantage indices (MAI) in jute-mungbean intercropping system under alternate single row (SR) planting.

Treatm Intra- Plant density Av
; Intra- . Av Jute JEY Relative Crowding . MAI
ent - ute 1
Inter J ® mungbe (I'ha™) Yield Mungbea (qhad) LER Coefficient Aggressively (A) @ ha?)
No. "W Spacing  an n ATER
spacin : _ (ghaY .
(cm)  spacing Yield
9 {em) (m) gy Mungbe 1 L L L K K K A A
an (g ha™) J M JM MJ M
1 35 5 8 569  3.56 26.75° 419" 3359 0.881°  0.262™  1.142™ 1039 7.38 035 262 0619 -0.619 13375
2 35 5 10 569 284 26.63°  4.69™  34.28 0.877°  0.293™ 1.170™ 1053 7.0 041 294 0584 -0584 15879
3 35 5 12 569 237 2750 532K 3617 0.905® 03328 1237 1106 957 050 475 0573 -0573 22173
4 35 6.5 8 438 356 27.50°  6.13" 375 0.905*  0.383"  1288M 1136 957 062 593 0523 -0523 26822
5 35 6.5 10 438 284 2750  6.76" 38.52 0.905*  0.422" 1.327%" 116 957 073 6.98 0483 -0.483 30399
6 35 6.5 12 438 237 29.50°  8.26" 42.97 0.971°  0.516% 1487 1282 3371 106 3589 0456 -0.456 44990
7 35 8 8 356 356  23.32%F 557k 324 0.7689" 0348 1115 0977 330 053 176 0420 -0.420 10729
35 8 10 356 284  2326%" 894 37.84 0765 05597 1324 1102 326 127 413 0207 -0.207 29612
9 35 8 12 356 237 27.69°  9.07% 4248 0.912°  0566%"  1.478° 1253 10.30 1.31 1346 0345 -0.345 43989
10 40 5 8 498 311 28.25%° 4,63 35.8 0.930°  0.289™  1.219% 1104 1329 041 541 0641 -0.641 20600
1 40 5 10 498 249 2857° 538 3734 0.940° 0336  1.276" 1143 1576 051 7.97 0604 -0.604 25893
12 40 5 12 498  2.07 28.19% 6.63" 39 0.928° 0.414" 1.342¢9" 1178 1289 071 911 0514 -0514 31829
13 40 6.5 8 383 311 25.00¢ 501" 3316 0.823%  0.313“™ 1.136™° 1012 465 045 211 0511 -0511 12660

14 40 6.5 10 383 249 25009  7.82° 37.76 0.823¢ 0.488° 1.311% 1118 465 095 444 0335 -0.335 28682
15 40 6.5 12 383 207 27.50°  857%%  41.48 0.905° 05359  1.441° 1228 957 115 11.01 0370 -0.370 40627
16 40 8 8 311 311 2469 869 38.87 0.813%® 0543  1.356®% 114 434 119 516 0270 -0270 32616
17 40 8 10 311 249 25019  9.32%% 4021 0.823°  0.582°°  1.405% 1174 465 139 648 0241 -0.241 37122
18 40 8 12 311 207 27.50®  10.19°  44.13 0.905*  0.637° 1.542° 1289 957 175 1676 0.269 -0.269 49640
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Treatm Intra- Plant density Av
: Intra- . Av Jute JEY Relative Crowding . MAI

ent Inter- ute 1

pos\; J. mungbe (I'ha™) Yield Mungbea (@ha?) LER Coefficient Aggressively (A) @ ha!)
No. /" Spacing  an ) n ATER

spacin . (q haty i

g (cm) (cm) spacing Mungbe Yield

m  gue M (qhad) Ls L L Km  Kw K Ay Aw

19 45 5 8 442 276 23.00%" 544K 31.88 0.757%"  0.340' 1.097° 0962 312 051 161 0417 -0.417 9012
20 45 5 10 442 221 2338% 607" 3327 0770  0379"  1.149™° 0998 334 061 204 0391 -0.391 13733
21 45 5 12 442 184 24699  9.88°¢ 4081 0.813%  0.617°¢ 1430 1185 434 161 7.00 0196 -0.196 39268
22 45 6.5 8 34 276 23.44%" 619" 33.54 0772 0387  1.158™° 1005 3.38 063 213 0385 -0.385 14662

23 45 6.5 10 3.4 221 2357%F 676" 3458  0.776°®  0.422" 1.198Y™ 103 346 073 252 0354 -0.354 18239
24 45 6.5 12 34 1.84 24447 663" 3525  0.805%"  0.414" 12194 1054 412 071 291 0390 -0.390 20242

25 45 8 8 276 276 23.13%"  10.07* 3956  0.761%"  0.629"°  1.390°*" 1141 319 1.69 541 0132 -0.132 35549
26 45 8 10 276 221 21.38" 1144 40.05 0.704' 07158  1.419°¢ 1135 238 251 595 -0.011 0011 37838
27 45 8 12 276 184 22.25%  9.07%"  37.05 0.733"  0.566%"  1.299% 1074 274 131 358 0.166 -0.166 27252

Mean 255 7.28 37.39 0.840 0.455 1.295 1114 753 095 667 038 -0.385 27180
cv 9.61 29.19

Mean followed by same letter are not significantly different based on DMRT (p=0.05)
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Table 3. Treatments with Inter-band spacing and plant densities of jute and mungbean, corresponding within-row plant

spacing levels, biological yield of jute fibre and mungbean seed, jute equivalent yield (JEY), land equivalent
ratio (LER), area x time equivalent ratio (ATER), relative crowding coefficient (K), aggressivity (A) and
monetary advantage indices (MAI) in jute-mungbean intercropping system under alternate double row (DR)
planting.

Plant Density Intra- Relative crowdin Aggressivel
Treatm Inter- | hat jute  Intra- Av LER coefficient ’ » A g
ent  pang _ (1Ma0)  mungbea AV Jute
No.  spaci Spaci r? Vield Mungbean  JEY ATER MAI
' paci . . E
9 e Mungb ng spacing (@had) Yield (q ha) L L L K K K A A (Zha?)
(cm) ean (cm) (cm) (Cl ha-l) J M IM M J M
1 1 3 2 143 215 16.94¢ 10.13®  36.02 0.652! 0.633% 1.284%® 1.04 187 172 322 004 -0.04 29469
2 1 3 25 143 172 17.13% 10.322 36.57 0.659 0.645° 1.303%® 1.055 193 1.81 350 003 -003 31472
3 1 3 3 143 143 17.50° 9.94%¢ 36.23 0.673" 0.621%° 1.295% 1.055 206 1.64 337 010 -0.10 30470
4 1 4 2 108 215 19,822 8.69%° 36.19  0.762%%¢fh  ( p4gkcdelth 1 3053 1.096 320 119 3.80 044 -044 31329
5 1 4 25 108 172 20.57% 9.942%¢ 39.3  0.791%cf 0.621%° 1.4122 1173 378 164 620 034 -0.34 42415
6 1 4 3 108 143 20.26%% 9.443%¢ 38.04  0.779°™ 0.590% 1.369% 1141 352 144 506 038 -0.38 37909
7 1 5 2 8.6 21.5 20.07% 9.76%¢ 38.44  0.772%fn 0.609%* 1.381% 1146 338 156 527 032 -0.32 39268
8 1 5 25 86 17.2 20.44% 9.38%¢ 38.11  0.786°™ 0.5863c 1.372% 1146 367 142 520 0.40 -040 38267
9 1 5 3 86 143 19.88% 9.58%¢ 37.93  0.764%%fn 0.598% 1.363%® 1132 324 149 484 033 -033 37337
10 14 3 2 127 19.0 18.82% 9.942%¢ 37.55 0.724790i 0.621%% 1.345%® 1105 262 164 429 020 -020 35620
11 14 3 25 127 152 18.94% 8.63%¢ 35.2 0.728°f0Mi g 53gedefoh 1 oggAd 1.06 268 117 314 038 -0.38 27466
12 14 3 3 127 127 18,632 9.01%¢ 35.59 0.7169M 0.563%0¢f 1 279 1.062 253 129 325 031 -0.31 28682
13 14 4 2 95  19.0 19.50% 8.75%¢ 3599  0.750%fN  Q 547bcdelth 1 Hg7aP 1.086 3.00 121 3.62 041 -041 30470
14 14 4 25 95 152 21.19°% 8.19%¢ 36.62  0.815%Cf g 5ppcdefoni 1 377 1129 440 105 461 061 -061 33331
15 14 4 3 95 127 20.57% 7.57%¢ 3482  0.791%cf g 473fnik 1.264% 1.081 378 090 3.39 064 -0.64 26894
16 14 5 2 76 190 21.75% 7.38%¢ 35.65 0.837% 0.467 fonik 1.298% 112 512 086 438 075 -0.75 30256
17 4 5 25 76 152 22.88%® 6.57 35.25 0.880% 0.410% 1.290% 1132 732 070 509 094 -0.94 29326
18 14 5 3 7.6 12.7 21.51% 6.63" 33.99  0.82720ccf 0.4141 1.241° 1.081 478 071 338 0.83 -0.83 24301
19 17 3 2 116 174 18.94% 7.94%¢ 37.68  0.777°%fh  ( 49p%efhik 7 p73% 1179 692 098 6.81 076 -0.76 37623
20 17 3 25 116  14.0 18.82% 8.38%° 34.07 0.72g°fMi g 5pgbedefohi 1.252° 1.025 237 110 260 036 -0.36 23246
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Plant Density Intra- Relative crowding  Aggressively

Trgrzﬁm Inter- (1 ha®) jute  Intra- Ao e Av LER coefficient (A)
band = gppj mungbea AV, bean  JEY MAI
No.  gpaci ng n Yield ; 1 ATER i
ng gy Mungb spacing (g ha) Yield (g ha™) L L K K K A A (X ha?)
(cm) ean M o) (qha) ; M w K s A
21 7 3 3 116  11.6 21.57% 9.072%¢ 35.9 0.72470ni 0.566%0%f 1.290%® 1.072 262 131 342 031 -031 29827
22 17 4 2 8.7 17.4 21.63%% 8.63%° 37.82  0.829%%  (53g%cdefh 1 369 1161 486 117 568 058 -0.58 37695
23 17 4 25 87 14.0 19.88%0« 7.25%¢ 3529  0.832%0c 0.4539nik 1.285% 111 494 083 410 076 -0.76 28968
24 17 4 3 8.7 11.6 22.88%® 7.63%¢ 34.25  0.764%€f" 477Nk 1.241° 1.057 324 091 295 058 -058 24605
25 17 5 2 70 174 23.19° 6.38° 34.89 0.880% 0.399% 1.279% 1125 7.32 066 485 096 -0.96 28110
26 17 5 25 70 140 22.44%% 7.07%¢ 36.5 0.892° 0.441ik 1.333% 1163 824 079 651 090 -0.90 33761
27 17 5 3 7.0 11.6 16.949 7.26%¢ 36.1 0.863%° 0.4539Nik 1.317% 1142 630 083 522 082 -082 32115
Mean 20.22 8.45 36.3 0.863 0.453 1.311 1106 4.06 118 436 050 -050 31829
cv 12.13 20.28

Mean followed by same letter are not significantly different based on DMRT (p=0.05)






