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ABSTRACT

Crop intensification using short-duration cassava serves as an adaptation strategy promoting climate resilience.
A two-year field experiment was carried out to assess the viability of intercropping short-duration cassava
with pulse crops in a rice-based system. Rice var. Kanchana was initially planted, followed by short-duration
cassava (var. Sree Vijaya and Vellayani Hraswa) intercropped with pulse crops such as green gram, black
gram (var. Co-6) and soybean (var. JS-95-60), under two fertility levels. Intercropping Sree Vijaya or Vellayani
Hraswa cassava varieties with black gram under reduced fertilizer level produced (25.94 t ha'!; 19.39%) yields
similar to sole cassava (32.18 t ha™'). Growth attributes, biomass production and partitioning, crop growth rate
and tuber bulking rate of cassava in this treatment matched sole cassava, particularly by the final growth phase.
Tuber biochemical constituents remained unaffected. Thus, the combination of rice var. Kanchana followed by
short-duration cassava var. Sree Vijaya + black gram var. Co-6 proved productive and feasible, while conserving

half of the FYM and N and all P.
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INTRODUCTION

Cassava, vital for over 800 million people in the
world’s poorest tropical regions (Lebot, 2019), is
considered as a “climate-smart” crop, thriving in
challenging conditions. It ranks seventh in cultivated
area, following wheat, maize, rice, barley, sorghum,
and millets, and serves as a cornerstone of food
security for rural households (Howeler, 2014). As a
source of calories and carbohydrates in developing
nations, cassava excels in marginal environments,
withstanding drought and acidic soils (Ceballos et al.,
2010).

Farmers in Africa and Asia have embraced cassava-
based multiple cropping systems, diversifying
cultivation methods (Ravi et al., 2021). These systems
optimize land, nutrient, and water use by combining
crops with complementary morpho-phenological traits.
They enhance total factor productivity and ecosystem
services, ensuring sustainable food production, which
is particularly crucial under climate change pressures.

Some model cassava-based multiple-cropping systems
include intercropping with ephemerals like legumes
(cowpea, peanut, soybean, mungbean, pigeonpea,

vegetable legumes), cereals, and millets (rice, maize,
sorghum), as well as vegetables (okra); intercropping
cassava within plantations such as coconut; and relay/
sequential cropping involving cassava (Ravi et al.,
2021). Delaquis et al. (2018) highlighted several
benefits of cassava-based intercropping systems,
including pest and disease suppression, efficient land
use, and soil and water regulation.

Early-maturing cassava varieties (6-7 months) are
preferred as sequential crops with rice, bananas, or
vegetables, especially in low lands (Mohankumar &
Nair, 1990). Large areas are left fallow after rainfed
or irrigated rice cultivation in rice production systems,
where water is insufficient for year-round cropping.
Short-duration cassava varieties show promise in
better resource utilization, diversifying the food basket,
and increasing income in such systems (Suja et al.,
2010a, 2010b & 2011; Suja & Sreekumar, 2015).
Suja & Sreekumar (2015) found that a profitable
production system was a sequential cropping of
vegetable cowpea followed by short-duration cassava.
However, information on intercropping systems
involving short-duration cassava in rice-based systems
is limited. Thus, the objectives of this investigation
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were to develop feasible intercropping systems
involving short-duration cassava and pulses in rice-
based systems and to evaluate the system’s growth
dynamics, yield, and tuber quality.

MATERIALS AND METHODS

Field experiments were conducted from June to March
for two consecutive years (2015-2017) at ICAR-
Central Tuber Crops Research Institute,
Thiruvananthapuram, Kerala, India, simulating
lowland rice fallow conditions. The site experiences
a humid tropical climate, with an average annual
rainfall of 1355 mm, maximum and minimum
temperatures of 31.74°C and 23.90°C, and mean
relative humidity of 79.58%. During crop growth, the
total rainfall, maximum temperature, minimum
temperature, and relative humidity ranged between
892-1022 mm, 32.30-31.10°C, 23.90-23.50°C, and
78.80-82.10%, respectively. The soil is a well-drained
acid Ultisol with pH 5.28, low available nitrogen
(115.54 kg ha'), high available phosphorus (38.08
kg ha'), medium available potassium (146.56 kg
ha'), and 0.51% organic carbon.

In the first season, rice var. Kanchana was grown,
followed by short-duration cassava (var. Sree Vijaya
and Vellayani Hraswa) intercropped with pulse crops
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(green gram, black gram, soybean) under two fertility
levels: full farmyard manure (FYM) with full nitrogen
and potassium but no phosphorus; and half FYM with
half nitrogen and full potassium (phosphorus was
applied to legume crops). The experimental design was
split-plot, with cassava varieties in main plots and
combinations of pulse crops and fertility levels in
subplots. Sole crops of cassava for both varieties with
full FYM and nutrients were included as controls.

Growth parameters such as plant height, stem girth,
and leaf production were measured at 2, 4, and
6 months after planting (MAP). Biomass was assessed
by uprooting three cassava plants randomly per plot
at each stage, separating them into leaves, stems, and
tubers, air drying, and then oven drying at 70°C. Dry
weights were recorded, and total plant dry weights
were computed and expressed as grams per plant.
Growth indices, including crop growth rate (CGR),
tuber bulking rate (TBR), and harvest index (HI), were
computed using Hunt’s techniques (1982).

Fresh tuber yield was estimated at harvest in tons per
hectare based on data from the net plants. Standard
procedures were employed to determine dry matter,
starch, total sugar (AOAC, 2005), crude protein
(Dubios et al., 1956), and cyanogenic glucoside
(Indira & Sinha, 1969) contents of cassava tubers.

Table 1 : Effect of cropping systems and fertility levels on growth attributes of short-duration cassava

Cropping systems and Plant height (cm)

Stem girth (cm) Leaf production (number)

and fertility levels

2 MAP 4 MAP 6 MAP 2 MAP 4 MAP 6 MAP 2 MAP 4 MAP 6 MAP

SV+GG (F1) 120.22 129.70 177.00 12.89 5.47 6.97 184 132 225
SV+GG (F2) 121.78 132.00 173.00 12.69 6.60 6.50 197 174 233
SV+BG (F1) 117.00 135.20 176.60 12.27 6.77 7.33 186 189 178
SV+BG (F2) 123.00 126.10 180.20 13.33 6.37 7.37 175 181 193
SV+SB (F1) 114.87 130.10 190.80 12.23 6.77 7.33 167 151 210
SV+SB (F2) 116.45 134.30 187.30 12.28 6.73 7.43 177 149 215
VH+GG (F1) 109.34 139.10 185.40 12.72 6.60 7.77 168 216 462
VH+GG (F2) 115.34 131.50 186.00 11.98 7.17 7.87 194 211 363
VH+BG (F1) 114.12 141.70 190.30 12.87 7.33 7.83 177 230 468
VH+BG (F2) 103.17 122.10 165.10 11.14 6.63 7.60 160 242 468
VH+SB (F1) 109.34 134.90 178.30 11.95 7.50 8.17 175 252 450
VH+SB (F2) 116.56 122.60 160.80 13.21 6.30 7.67 171 205 395
SV (sole) 114.56 167.90 203.20 12.41 8.13 8.10 160 195 232
VH (sole) 121.89 162.70 183.40 13.14 8.20 7.50 186 305 387
CD (P=0.05) NS NS NS NS NS NS NS NS NS
Variety x pulse x

fertility level

Control vs treatment NS 21.478 NS NS 1.914 NS NS 77.016 NS

R-Rice, SV-Sree Vijaya, VH-Vellayani Hraswa, GG-Green gram, BG-Black gram, SB-Soybean, F -full dose of FYM & N, no P, full K

(FYM 12.5 t ha!, NPK 100:0:100 kg ha); F,-half dose of FYM & N, no P, full K (FYM 6.25 t ha, NPK 50:0:100 kg ha™)
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Fig. 1: Interaction effect between pulse crops and fertility levels on biomass production and
partitioning at various phases in Cassava

A two-way analysis of variance (ANOVA) for a split-
plot design (analyzing data from different years
separately) was conducted to compare treatment
differences for various plant and soil parameters using
SAS statistical software (SAS, 9.3). The critical
difference at a significance level of 0.05 was used to
compare treatment means.

RESULTS AND DISCUSSION
Growth and biomass

Over the two years, cassava growth parameters such
as plant height, stem girth, and leaf production
experienced significant reduction by four months after
planting (MAP) due to intercrop competition, but
recovered post-harvest of the pulse crop, reaching
levels comparable to sole cassava (Table 1). The initial
3-4 months of cassava growth are typically slow,

making it less competitive with intercropped plants
(Suja & Sreekumar, 2015; Silva et al., 2016). Pulse
crops, being faster-growing and completing their life
cycle within 2-3 months, tend to out compete cassava
for available resources in mixed cropping systems
(Gou et al., 2016). With their rapid development and
extensive rooting system, pulse crops can effectively
compete for resources under favorable conditions like
adequate moisture and nutrients.

Across both years, cropping system treatments (variety
x pulse x fertility level) showed no significant impact
on total biomass production or distribution to leaf,
stem, or tuber during various growth stages. This
suggests a consistent pattern of biomass distribution
regardless of cassava variety, pulse intercrop, or
fertility level. In the first year, no significant difference
was observed between sole cassava and cropping
system treatments in terms of tuber dry matter at
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Table 2 : Effect of cropping systems and fertility levels on CGR and TBR of short-duration cassava

Cropping systems CGR (g m?day™)

TBR (g day™")

and fertility levels

0-2 MAP 2-4 MAP 4-6 MAP 0-2 MAP 2-4 MAP 4-6 MAP
SV+GG (F1) 2.33 7.92 13.28 0.47 3.03 7.67
SV+GG (F2) 2.32 7.74 10.32 0.60 2.68 4.74
SV+BG (F1) 2.78 7.09 16.40 0.71 2.47 8.12
SV+BG (F2) 291 8.84 12.87 0.73 3.42 7.07
SV+SB (F1) 2.16 8.80 10.32 0.47 3.22 5.97
SV+SB (F2) 2.20 6.78 15.58 0.57 2.65 8.30
VH+GG (F1) 2.17 9.63 14.77 0.55 2.72 8.14
VH+GG (F2) 2.19 8.65 14.40 0.53 3.01 6.61
VH+BG (F1) 2.52 7.01 19.19 0.59 2.51 10.40
VH+BG (F2) 2.38 8.12 13.14 0.55 2.98 6.26
VH+SB (F1) 2.49 7.38 12.70 0.62 2.11 6.00
VH+SB (F2) 2.28 8.76 16.74 0.53 3.72 7.32
SV (sole) 3.02 10.95 20.15 0.68 4.13 11.87
VH (sole) 2.72 10.32 23.48 0.62 3.23 12.72
CD (P=0.05) 0.356 NS NS 0.032 NS NS
Variety x pulse x
fertility level
Control vs 0.714 2.563 7.053 NS NS 5.264
treatment

R-Rice, SV-Sree Vijaya, VH-Vellayani Hraswa, GG-Green gram, BG-Black gram, SB-Soybean, F -full dose of FYM &
N, no P, full K (FYM 12.5 t ha'', NPK 100:0:100 kg ha'); F,-half dose of FYM & N, no P, full K (FYM 6.25 t ha",

NPK 50:0:100 kg ha™)

2 and 4 MAP. However, at these stages, total dry
matter under sole cassava cultivation was comparable
to cassava (var. Sree Vijaya) grown with reduced
fertility and intercropped with black gram.

By harvest, total and tuber biomass under sole
cropping was on par with cassava (var. Vellayani
Hraswa) intercropped with black gram at full fertility
level (Fig. 1). In the following year, control versus
treatment at 2 and 4 MAP did not significantly
influence dry matter distribution. However, at 6 MAP,
total biomass and tuber partitioning were higher under
sole cropping, similar to most cropping system
treatments, except for Sree Vijaya intercropped with
green gram at full or half fertility levels and Vellayani
Hraswa intercropped with soybean at full fertility level
(Fig. 1). This suggests similar efficiency of most of
the cropping system treatments to that of sole

cropping.

Pulse crops, highly compatible with cassava, share
similar growth patterns, canopy development, shorter

crop duration (3 months), and nutrient demands. They
primarily require phosphorus and can fulfill some
nitrogen requirements through biological nitrogen
fixation (Giller, 2001), while cassava relies on
potassium for storage root formation and nitrogen for
leaf production (Howeler, 2002; Carsky & Toukourou,
2005). Thus, pulse intercropping can enhance biomass
production without compromising cassava yield.

Across years, cropping system treatments (variety X
pulse x fertility level) did not significantly affect
various growth indices at different growth stages,
except at the first phase, wherein Sree Vijaya
intercropped with black gram at full or half fertility
levels significantly enhanced CGR and TBR (Table 2).
However, control versus treatment had a significant
impact on CGR at all stages and TBR at the final
stage. CGR and TBR were higher for sole cassava but
comparable to several intercropping treatments, Sree
Vijaya intercropped with black gram at full or half
fertility levels or Vellayani Hraswa intercropped with
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Table 3 : Effect of cropping systems and fertility levels on yield and yield attributes of short-duration
cassava

Cropping systems Tuber yield No. of tubers Mean tuber weight Tuber length Tuber girth
and fertility levels (t ha') (kg) (cm) (cm)
SV+GG (F1) 23.19 7 0.274 22.12 14.72
SV+GG (F2) 22.09 7 0.250 26.05 15.44
SV+BG (F1) 24.18 8 0.271 24.95 16.01
SV+BG (F2) 26.67 7 0.304 27.33 15.27
SV+SB (F1) 23.83 8 0.244 24.06 14.98
SV+SB (F2) 24.01 7 0.283 23.20 15.79
VH+GG (F1) 23.53 7 0.249 24.13 15.13
VH+GG (F2) 22.76 6 0.297 27.03 15.26
VH+BG (F1) 24.89 7 0.288 26.34 16.18
VH+BG (F2) 25.21 6 0.286 26.94 14.60
VH+SB (F1) 21.46 5 0.294 24.58 15.72
VH+SB (F2) 23.70 7 0.261 28.15 14.75
SV (sole) 30.76 10 0.276 22.55 14.66
VH (sole) 33.59 8 0.372 26.36 15.82
CD (P=0.05) NS NS NS NS NS

Variety x pulse x
fertility level
Control vs treatment 6.393 2.621 0.114 NS 0.812

R-Rice, SV-Sree Vijaya, VH-Vellayani Hraswa, GG-Green gram, BG-Black gram, SB-Soybean, F -full dose of FYM & N, no P, full
K (FYM 12.5 t ha, NPK 100:0:100 kg ha™); F -half dose of FYM & N, no P, full K (FYM 6.25 t ha!, NPK 50:0:100 kg ha™)

Table 4 : Effect of cropping systems and fertility levels on biochemical composition of tubers of short-
duration cassava

Cropping systems Dry matter Starch Total sugar Crude protein Cyanogenic
and fertility levels (%) (% FW basis) (% FW basis) (% FW basis) glucoside (ug g")
SV+GG (F1) 36.27 22.12 1.12 1.52 21.10
SV+GG (F2) 36.18 22.19 1.73 1.27 22.63
SV+BG (F1) 37.47 22.54 1.79 1.60 24.60
SV+BG (F2) 36.25 23.50 1.64 1.55 23.83
SV+SB (F1) 37.74 21.29 1.66 1.65 26.98
SV+SB (F2) 38.42 21.13 1.31 1.91 29.84
VH+GG (F1) 39.39 23.08 1.2 1.92 13.68
VH+GG (F2) 38.29 23.32 1.23 1.78 20.31
VH+BG (F1) 41.23 24.40 1.26 2.05 20.56
VH+BG (F2) 39.35 23.95 1.31 2.02 17.30
VH+SB (F1) 39.68 25.40 1.07 2.04 17.31
VH+SB (F2) 38.67 26.07 1.32 1.96 26.34
SV (sole) 40.91 22.54 1.54 1.59 17.67
VH (sole) 38.96 22.57 1.15 1.86 19.34
CD (P=0.05) NS NS NS NS NS

Variety x pulse x
fertility level
Control vs treatment 0.92 NS NS NS 8.255

R-Rice, SV-Sree Vijaya, VH-Vellayani Hraswa, GG-Green gram, BG-Black gram, SB-Soybean, F -full dose of FYM & N, no P, full
K (FYM 12.5 t ha', NPK 100:0:100 kg ha™); F -half dose of FYM & N, no P, full K (FYM 6.25 t ha!, NPK 50:0:100 kg ha™)



208
o

3

% S

%% o
PRomorion of ™

black gram at full fertility level. This indicates that
short-duration cassava regained growth due to
recovery from competition after the harvest of pulse
intercrops, as reported earlier by Suja & Sreekumar
(2015). The harvest index remained unaffected in both
years.

Yield, yield attributes and tuber biochemical
constituents

Cropping system treatments (variety x pulse x fertility
level) did not significantly affect yield, yield attributes,
or tuber biochemical composition. Control versus
treatment significantly impacted tuber yield, number
of tubers, mean tuber weight, tuber girth, tuber dry
matter and cyanogenic glucoside content (Tables 3 &
4).

Averaging over two years, rice produced 3.45 t ha!
of grain yield and 5.89 t ha'! of straw yield. Over two
years, intercropping Sree Vijaya or Vellayani Hraswa
cassava with black gram under reduced fertilizer level
produced similar cassava tuber yields (25.94 t ha';
-19.39%) compared to sole cassava (32.18 t ha!). Sree
Vijaya exhibited better tolerance to competitive stress
from intercropping, with a lower yield reduction of
22% compared to Vellayani Hraswa (-30%). These
yield reductions in cassava may be attributed to its
poor competitive ability during early growth stages
when intercropped with pulse crops, consistent with
observations by Nwokoro et al. (2021) in cassava-
maize intercropping systems. A yield reduction of up
to 20.36% over sole cropping was previously reported
by Suja & Sreekumar (2015) in cassava-cowpea
intercropping systems.

While cassava is a food security crop, its nutritional
value may be limited by low root protein content, with
the roots having the lowest protein-to-energy ratio
among staple crops. Consumption of cassava alone has
been linked to protein deficiency disorders like
kwashiorkor (Ravi et al., 2021). Therefore, integrating
grain legumes such as pulses into cassava-based
cropping systems may offer a feasible approach to
enhancing protein intake and nutritional security
(Ogola et al., 2013).

The mean tuber weight of sole cassava matched almost
all intercropping treatments, except Sree Vijaya
intercropped with soybean/green gram at full fertility
level. Girth of tubers from almost all Sree Vijaya

;5 Suja et al.

cassava intercropping treatments outperformed or was
on par with sole Sree Vijaya. Sole Vellayani Hraswa
cassava exhibited higher tuber girth, similar to all
intercropping treatments, except that intercropped with
black gram/soybean at half fertility level.

However, the dry matter content of tubers was
significantly higher in all the intercropping treatments
involving Vellayani Hraswa, except that intercropped
with green gram at the reduced fertility level, over sole
Vellayani Hraswa. Among these, Vellayani Hraswa
intercropped with black gram at full fertility level
resulted in highest tuber dry matter content (41.23%).
Cyanogenic glucoside content varied significantly
among treatments, with Vellayani Hraswa intercropped
with green gram at full fertility level showing the
lowest content (13.68%). Most of the cropping system
treatments resulted in comparably low cyanogenic
glucoside contents similar to sole cassava, except that
under soybean intercropping. The starch, total sugar,
and crude protein content of tubers remained
unaffected (Table 4). The study conclusively
demonstrates that early competition effects from
intercropping do not compromise tuber quality.

Intercropping short-duration cassava with short-
duration pulses presents an opportunity, as the
reduction in cassava yield (26% average over two
years) could be offset by additional yield and soil
health benefits from the legume. In contrast to Suja
& Sreekumar’s (2015) findings, the present study
shows that the short-duration cassava variety Sree
Vijaya exhibited better tolerance to competitive stress
(yield reduction of 22%) and greater compatibility than
Vellayani Hraswa (yield reduction of 30%). Therefore,
developing a feasible rice-based cropping system
incorporating short-duration cassava and pulses could
diversify our food sources, promote self-sufficiency,
and enhance resilience to climate change.
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