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INTRODUCTION 

Coconut is the main crop of Kerala and it occupies an area of 8.17 

lakh hectares. Since the pressure on land is very high in the state, the 

availability of open space is limited and the farmers are compelled to grow 

different crops in the coconut garden itself. Major portion of the roots of the 

adult coconut palm is concentrated laterally within a radius of 2m from the 

base and vertically within 30-120cm depth. Coconut palms are generally 

grown with a spacing of 7.5m x 7.5m (56.25m2) which provide 77.7 per cent 

of the total available land area for other intercrops and enough light for other 

crops to be grown in the interspaces. 

There is no systematic and scientific principle and arrangement of 

crops grown in a cropping system at present. The selection of intercrops 

mainly depends upon the requirement of the farmer such as food, fodder and 

fuel. 

At present a series of crops like cassava, banana, elephant foot yam, 

vegeLables anti forage crops are grown in the sysLem. Cassava, the important 

subsidiary food crop of Kerala, is suitable for growing under partially shaded 

situations. Cassava var. Sree Vislwkwn is recommended as an intercrop in 

coconut gardens (KAU, 1989). 
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Banana IS another important intercrop mostly grown in these situations 

under rainfed conditions. Banana var. Nju/ipoovull IS particularly suitable for 

planting in coconut gardens (KAU, 1989). 

There is an acute shortage of vegetables in Kerala and elephant foot yam 

and cowpea are being cultivated as intercrops under the partial shade of coconut. 

The above crop combinations are most important and are mostly followed by 

majority of farmers in Kerala. 

In a cropping system the intercrops have varying rooting patterns and their 

absorbing zones and requirements of nutrients are also different. There may be competition 

among the component crops for a set of nutrients. The absorption of nutrients in relation 

to the sum total of the situation available in a coconut garden has not been investigated in 

detail. Instead of assessing the crop performance individually the system can be taken 

as a whole whereby a substantial savings in the costly inputs are possible. The ideal 

crop mix must be one which results in minimum competition for nutrients. Hence a 

thorough investigation of the interplay of different nutrients in the system is 

required. 

In a cropplllg system there is a likelihood of competition for moisture 

by roots of component crops especially in a minfed situation prevailing in 

Kerala. The moislUre available in the soil profile must be utilized by the 
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different crops grown in an unit land. The rooting pattern and moisture 

depletion rate may be different with different crops in the system. Farmers 

are apprehensive that when more crops are grown there will be more 

competition for moisture. The influence of crop canopy on evaporation and 

residual soil moisture in the system is also to be established. So a detailed 

investigation is imperative on moisture regime under a set of crops grown 

with different rooting pattern. 

In a coconut garden a substantial quantity of sunlight is infiltered 

through the crop canopy. The studies conducted at the Central Plantation 

Crops Research Institute, Kasaragod, Kerala have shown that while the young 

bearing palms permit only less than 20 per cent incident radiation, the middle 

aged palms allow about 30 per cent and pre bearing and old palms up to 80 

per cent. Light is not fully utilized in sole coconut gardens and there is a 

possibility of maximum utilization by raising intercrops in the interspaces of 

coconut palms. Detailed studies are not available on the performance of these 

crops under partially shaded conditions in a cropping system. 

Eventhough the extent of nutrient interaction is understood to a certain 

level the quantification of the nutrient absorbed and the intensity factor are 

yet to be established. Isotope studies are the best methodology for gelling 

information on this aspect. Such investigations will throw more light on the 

extent of competition for a particular nutrient in the rhizosphere of all the 

component crops grown in a system. This information is very vital for 

planning nutrient management for the system as a whole. 
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A coconut garden of 40 years old was selected for this investigation. 

The intercrops are chosen in such a way that there is minimum competition 

for nutrients, moisture and light. The intention is to give the farmer a suitable 

crop cafetaria which will generate sufficient income through out the year 

without any detrimental effect on the productivity of the soil as well. The 

available information on this aspect is meagre and they did not give much 

details on the interaction of the intercrops in relation to the main crop. 

Hence the present investigation IS initiated with the following objectives: 

I. To identify the most productive crop combination 111 a coconut based 

homestead cropping system, 

2. To assess the interaction between coconut and intercrops in the absorption 

of nutrients, 

3. To determine the soil moisture regime as affected by intercrops. 

4. To evaluate the utilization pattern of light intercepted by crop canopy. 

5. To economise the level of nutrients for intercrops 111 different cropping 

systems and 

6. To identify the most economic crop combination. 



! REVIEW OF LITERATURE 
... 
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REVIEW OF LITERATURE 

Coconut cnJoys a distinct placc in the economy of Kerala. Several 

useful annuals, bienniels and perennials can be successfully raised in 

association with coconut (CPCRI, 1977). A proper combination of inputs 

viz. nutrients, moisture and light influence the productivity of an ideal 

cropping system. 

The production in a coconut based cropping system can be improved 

considerably by scientific management. In this review, information available 

mainly on the effect of nutrients, moisture and light on coconut based cropping 

system involving cassava, banana, elephant foot yam and vegetable cowpea are 

considered. The experiments with these factors on coconut intercropping system 

arc rarc. However, available literature has been collected. 

2.1. Combined effect of nutrients on growth and production of intercrops 

2.1.1. Cassava 

The availability· of adequate quantity of nutrients in the soil in a 

balanced ratio is essential for higher tuber yield in cassava. Vijayan and Aiyer 

(1969) concluded that aN: P20 S ratio of 3:2 (J 50 kg N + 100 kg P 205) was 

best for increasing tuber yields in cassava. The same ratio also resulted in the 
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highest contents of dry matter, protein and starch in tubers. They also observed 

thal lIeN contcnt in tubcrs increased with increase in N rates and decreased as 

P20S rates increased. 

The nitrogen - potassium balance is especially significant in cassava 

nutrition. The N:K interaction was studied by Rajendran et al. (1976) and 

found that application of Nand K20 in the ratio I: I (ie. 100 kg each ha- i ) 

was optimum in all the cassava varieties tested for maximum tuber productivity 

in acid laterite soil. According to Nair and Aiyer (1985), for cassava grown 

in red loam soils, N:K20 ratio of I: 1.28 was optimum. Nair (1982) while 

studying the N:K interaction in red loam soils also reported similar results. 

Sarkar et al. (1986) obtained highest yield of cassava when Nand K were 

applied ill 2:3 ratio. 

For cassava, inten:ropped in coconut garden, an N:K 20 ratio of J:2 

was found to be beneficial (Nayar and Sadanandan, 1992). 

It shows that for optimum tuber production in cassava, a proper 

balance between nutrient elements both in soil and plant is important. 

Fertilizer recommendations for cassava 

Chew (1970) observed that cassava required 180 kg N, 22 kg P and 

92-133 kg K ha- 1 in the peat soils of Malaysia. Takyi (1972) recommended 

application of 60 kg N, 20 kg P and 209 kg K ha- 1 for the forest soils of 
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Ghana. Ahmed (1973) reponed that cassava responded to 124 kg N, 29kg 

p and 98 kg K ha- I in the Serdang region of Malaysia. However. in Kuala 

Lumpur. Cheing (1973) got response up to 150 kg N. 30 kg P and ISO kg 

K lla-I. 

Tarazona et al. (1973) found that the best rate of fertilizer application 

for cassava was 50 - 60 kg N. 131 kg P and 42 - 50 kg K ha- I in the inceptisols 

of Colombia. The recommendation from CIAT was 100 kg N. 87-175 kg P 

and 133 kg K ha- I for the Oxisols of Colombia (CIAT. 1974 & 1975). 

Hadi and Gozallie (1975) in Indonesia got response upto 90 kg N. 13 

kg P and 42 kg K ha- 1• While higher rate of N (150 kg ha- 1) reduced the 

tuber quality as measured by tuber OM, starch. protein and HCN contents 

and higher rate of P (I OOkg ha- I ) improved these characters (Prema et al .. 

1975). 

Pillai and George (1978) recommended 100 kg N. 50 kg P 205 and 

150 kg K20 ha- I for maximum tuber yield of cassava cv. Malayan-4. They 

also obtained higher tuber OM and starch content with increased doses of N. 

P and K. Lorenzi et al. (1983) reported that application of 40 kg N. 80 kg P 

and 60 kg K ha- l had a positive linear effect on root dry matter content of 

cassava in Brazil. 

Muthuswamy and Rao (1981) observed that application of N increased 

the crude fibre and HCN content of tubers, whereas application of K decreased 

the HCN content and had no effect on crude fibre content. Trials conducted 
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at CTCRI and elsewhere indicated that most of the local cultivars and M-4 

responded to a lower dose of NPK (50:50:50). whereas some of the earlier 

released hybrids like H-97 and H-226 responded to an NPK dose of 75:75:75 

kg ha- I (Thampan. 1979; KAU. 19R9). For high yielding cassava hybrids 

viz. H-165, Sree Visakham and Sree Sahya. an NPK dose of of 100: 100: 100 

kg ha- I is recommended (CTCRI. 1983 a; KAU. 1989). In Thailand. the 

recommended rate of fertilizer application to cassava was 50 kg N + 50 kg 

P20 S + 50 kg K20 ha- 1 (Sarobol el al .• 1984). 

The review reveals that there is wide variation in fertilizer application 

for cassava ranging from 40-180 kg ha- 1 for N. 13-175 kg ha- 1 for P and 42-

209 kg ha- I for K. 

The productivity of cassava evaluated under rainfed and irrigated 

conditions revealed that the crop responded to NPK application at 150: 100: 150 

kg ha- I , when supplementary irrigation was provided during the dry months 

(Nayar et lIl., 1985). 

In an intercropping system involving cassava + groundnut on the effect 

of different levels of nitrogen. phosphorus and potash. it was observed that 

application of 75 kg nitrogen, 75 kg phosphorus and 100 kg potash was 

sufficient to realise optimum yield from cassava and groundnut (CTCRI, 

1983 b). However, under irrigation. cassava + groundnut responded to an 

additional dose of 20 kg K20 ha- I . 
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In a study on the fertilizer requirement of cassava based intercropping 

system conducted at the College of Agriculture. Vellayani. Sheela and Kunju 

(1990) observed that for getting maximum net returns, groundnut can be raised 

as all illten::rop with a fertilizer dose of 50: 62.5: 62.5 kg N. P20 5 and K 20 

lla-I. According to Nayar (1986) for cassava illtcrcroppcd in COl:Ollut gardcn 

NPK dose of 50:50: 100 kg ha- t was found to be optimum. 

The ahove review dearly indicate that the fcrtilizer requirelllent of 

cassava is less when raised along with other crops. 

Asher et al. (1980) reported that the nutrient uptake by 30 t of tubers 

was 164 kg N, 31 kg P and 200 kg K ha- I . 

According to Howeler (1981), cassava extracts about 2.30 kg N, 0.5 

kg P and 4.10 kg K per tonne of tuber. If the whole plant is removed for 

forage and planting materials, these amounts would increase to 4.91 kg N, 

1.08 kg P and 5.83 kg K ha- t . 

Cassava removed 180 -200 kg N, 15 - 22 kg P and 140 - 160 kg K 

ha- I to produce an yield of 30 t ha- 1 fresh tubers (CTCRI, 1983 a). 

Portieles etal. (1986) recorded uptake values of4.9 kg N, 2.9 kg P20 S 

and 5.1 kg K20 t- I of fresh tuber yield. 

Wide variations are thus observed in the uptake of nutrients by cassava 

in different locations. 
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2.1.2 Banana 

Nambiar et al. (1979) observed highest bun~h weight with an 

application of Nand P20 S each at 225 g plant,l and K20 at 450 g plant,l 

wilh Iwu split doses in hanana. 

In banana cv. Campierganj Local (Musa-Ailil) Ram and Prasad 

(1988) obtained maximum TSS (21.21 %) with N:P 20 S : K20 at 200:80:200 

g plant- I and highest total sugar with 300: 120: 100 g plant -I. Ram and Prasad 

(1989) also recorded maximum bunch weight and yield with 300 g N+ 40 g 

P 205 + 100 g K20 plant- I in the same variety. 

In an irrigated crop of banana N as ammol11um sulphate at 0.09 or 

0.18 kg plant' I. P as super phosphate at 0.13 or 0.26 kg plant-I and K as 

muriate of potash at 0.26 or 0.52 kg plant-I were applied. The highest bunch 

yield was obtained at the highest rate of Nand P whereas the fruit quality 

was best with the lowest rate of N. P and K (Upadhay, 1988). 

In South Gujrat, application of 180: 180: 180 g of N, P 20 S and K20 

plan'" is recollllllended for hanana (Dave ft lIl .. IYYO) 

In rice fallows, application of N. P 205 and K 20 at 400 g, 100 g and 

600 g plant- 1 respectively gave the highest yield in banana variety, Nendran 

(Nair, et ai., 1990). 
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Lot of variations are thus observed in the fertilizer recommendation 

of banana in different locations. 

The nutrient requirement of a crop producing 6.5 t acre-I of fruit 

arc 34 lb - N, 7 lb P and 255 Ib K (Joseph, 1971). 

In rainfed banana, var. Palayancodan, N uptake was highest in plants 

receiving the highest rate of N, P and to a lesser extent K uptake were enhanced 

by N nutrition (Mathew and Aravindakshan, 1981). 

Sheela and Aravindakshan (1990) observed that in rainfed banana, 

Palayancodan, the total N uptake increased between the early vegetative phase 

and the shoot development phase and then declined. K rate had no effect on 

N uptake whereas P and K uptake increased with rising K rate. 

The review shows that the K requirement of banana is high and there 

is an increase in the uptake of Nand K with an increase in Nand K rates. 

2.1.3 Elephant foot yam 

Mandai and Saraswat (1968) suggested a manurial dose of 25 t of farm 

yard manure and a fertilizer dose of 80:80: 120 and 40:40:80 kg N, P
2
0

5 
and 

K20 ha- I for maximum and economic yield respectively. Muthuswamy (1983) 

observed that 80 kg N, 60 kg P 20 S and 100 kg K20 ha- I registered the highest 

yield of 78 per cent over no fertilizer treatment. A fertilizer dose of 80:60: 100 

kg N, P205 and K20 ha- I has been recommended for elephant foot yam in 

Kcrala (KAU, 1986). 
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Mukhopadhyay and Sen (1986) proposed a fertilizer dose of 

150:60:50 kg N, P 20 S and K 20 ha- I for maximising the corm yield in elephant 

foot yam in West Bengal. According to them starch and protein content of 

the corms at harvest were influenced with the increasing levels of both nitrogen 

and potassiulll and the lIlaximum was observed at 150 kg of eadI nutrient. 

Nair t'f til. (ll)91) suggested a fcrtilizcr dose of 100:50: 150 kg N, 1'20" IIlId 

K20 ha- I for an upland rainfed crop in the ultisols of Kerala. 

According to Pushpakumari and Sasidhar (1992), the fertilizer dose 

for elephant foot yam when grown as an intercrop in coconut garden can be 

reduced to 50 per cent of the recommended dose ie. 40:30:50 kg N, P20 5 and 

K20 ha-I. Under the partial shade of coconut, application of 12..5 t ha- I of 

FYM and 27:20:33 kg N, P20 S and K 20 ha- I was found to be adequate for 

optimum tuber production in elephant foot yam (Ravindran and 

Kabeerathumma, 1990). Fertilizer recommendations ranging from 80 to 150 

kg N. 50 to 60 kg P20 S and 50 to 150 kg K20 have been reported frolll different 

parts of India. Under partially shaded condition, a reduced dose of fertilizer 

is recommended for elephant foot yam. 

Under rainfed upland conditions, in acid ultisol the nutrient uptake 

of elephant foot yam was found to be 124.8 kg N. 26. J kg P and 222.4 kg K 

ha- 1 (Nair et al., 1991). 

2.1.4 Cowpea 

Malik et al. (1972) obtained highest yields of 1.35 t ha- I of cowpea 

by the application of 20 kg of Nand 60 kg P20 5 ha- I . Kurdikeri el al. 
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(1973) observed that in cowpea (Viglla ealjang) highest yield was 1.58t ha- I 

with II kg Nand 44 kg P 20S ha- I . Optimum application of nutrients for 

grain yield was calculated as 31.67 kg Nand 37.37 kg P 20 S ha- l for cowpea 

cv. Kanakamani, whereas the economic dose was 23.13 kg Nand 23.55 kg 

P2(),'i ha- I (Viswanathall t'l til .. 197H). They also ohserved that response to 

applied K was not significant. The highest grain yield of 706 kg ha- l was 

ohtained with 20 kg Nand 40 kg P205 ha- I in cowpea variety P-II X (Kumar 

and Pillai, 1979). Angne et al. (1993) observed that application of Nand 

P increased grain yield in cowpea and the highest yield of 1.69 t ha- I was 

obtained at 15 kg Nand 30 kg P20 S ha- l . 

Fertilizer rates ranging from 11-30 kg Nand 23-60 kg P 20 S ha- l have 

heen recommended for grain cowpea in different locations of India. 

Reddy and Saxena (19H3) ohserved that rates of N.r and K uptake 

were maximum between 45 and 60 days. Concentration of these nutrients 

was higher in the spring whereas their uptake was higher in the Kharif 

(monsoon) season in all the plant parts at harvest. 

2.2 Performance of different intercrops to moisture regimes 

2.2.1 Cassava 

Oliveira et al. (1980) concluded that 30-150 days after planting was 

the critical period for irrigation of cassava which coincides with the time of 

root and tuber production. Water stress reduced root yield by 58 per cent 
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during root formation and 62 per cent during tuber formation. They also 

observed that water stress after 6 months of growth did not result in significant 

yield reduction. The adverse effects of low moisture content were accentuated 

when root development was initiated under high soil bulk density or low total 

porosity (Lai, 1983). 

Cassava hybrids, Sree Sahya and Sree Visakham responded positively 

to supplementary irrigation during drought spc)Js with significullt increase ill 

dry matter production, crop growth rate, utilization index. mean tuber weight 

and tuber yield (Nayar el al., 1985). 

When the soil water content was maintained at 80 per cent of field 

capacity during the first 70 days, the highest yields were obtained in cassava 

clones 'Senorita' in Cuba. (Portuondo et al., 1989). They also estimated that 

the water requirement during the growth period of 9 months ranged from 

6955.2 to 8397.0 m3 ha- I . 

Baker, et al. (1989) concluded that reduction in cassava yield to water 

stress was caused by a reduction in total biomass and that stress occuring late 

in the season was most detrimental to yield. Ramanujam (1990) observed 

that there were reductions in LAI (18-40 per cent ), light interception (42-70 

per cent), net photosynthesis (24-56 per cent), total biomass (25-36 per cent) 

and tuber yield (28-42 per cent) due to moisture stress in cassava. 

Nayar (1992) observed that the varieties Sree Prakash and Sree 

Visakham were the best for cultivation ill low lands with higher soil moisture 

regimes. 
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Yao and Gave (1992) observed that for cassava WUE was about I g 

kg- l water under drought conditions and as high as 8-10 g kg- l under 

favourable soil water conditions. 

According to Sasidhar and Sadanandan (1974) the water requirement 

of cassava - cowpea rotation was the lowest among five rotations studied. 

Studies on cassava based intercropping system in Salem district 

revealed that cassava intercropped with black gram resulted in maximum plant 

height, number of tubers plant-I, tuber yield and higher benefit-cost ratio 

(Balakrishnan and Thamburaj, 1993). 

In cassava cv. Malavella, HeN content of the tuber, rind, stem, bark 

and leaf decreased with decreasing soil moisture (Kailasam et uf., 1977. Nayar 

( 1992) observed that a shallow water table resulted in higher HCN content of 

cassava. 

The review reveals that deficiency of soil moisture during the critical 

stages of growth (30-150 days) adversely affect the tuber yield. 

2.2.2 Banana 

Chen ( 1971 ) ubserved that fur ball alia the must congellial soil moisture 

content was 50-60 per cent of field capacity, whereas water logging for more 

than 24 hours was particularly harmful. 
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Yields of banana grown in lysimeters increased from 5650 to 37800 

kg ha -1 by lowering the water table to 36 cm after which they tended to 

decline (Irizarry et al., 1980). They also observed that root development in 

the upper 15 cm soil layer was little affected by changes in the water table, 

but at lower soil depths (15-30 and 30-45 cm) root development was 

successively greater with each lowering of the water table. 

Lateral and vertical spread also increased with decreasing available 

soil moisture, maximum vertical spread at harvest for the three respective 

treatments (20, 40 and 60 per cent moisture depletion) being 69, 69 and 74 

cm and the corresponding lateral spread being 288, 306 and 324 cm (Krishnan 

and Shanmugavelu, 1980 a). 

Krishnan and Shanmugavelu, (1980b) observed that in banana cv. 

Robusta the daily water consumption ranged from 4.81 to 6.11 mm. They 

also found that the yields were highest (89.38 t ha- 1) at 20 per cent depletion 

of available soil moisture. 

In a study on intercropping of tuber crops with banana, Joseph (1992) 

observed that among the intercropped plots, the reduction in the bunch yield 

was lowest in the combination of banana and elephant foot yam. Banana 

intercropped with tannia gave the highest net returns followed by the 

combination of banana and elephant foot yam. 

In banana the fruit fresh weight, dry weight. length and circumfrence 

were reduced by water stress. Water stress increased total soluble solids 

slightly and decreased the pulp: peel ratio (Hcgde and Sreenivas, 1989). 
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The review shows that soil moisture status has a definite role on the 

biomass production, bunch yield and bunch characters and root distribution 

pattern ill bUllullu. 

2.2.3. Cowpea 

The three soil moisture regimes (15, 35 and 55 per cent soil moisture 

depletion) gave grain yields of 932,932, and 958 kg ha- 1 in the summer season 

and 1.16, 1.16 and 1.19 t ha- 1 in the monsoon season respectively (Singh 

and Lamba, 1971). 

Higher soil moisture gave highest number of pods and seed weight 

(1.51 - 2.86 g plant -1) at all the stages except at the vegetative stage. 

However, pod number and seed weight (0.39 g plant-I) were lowest with 

deficient moisture levels at the podding stage (Kamara, 1976). Ogunremi et uf. 

(1981) observed that the growth of cowpea was better at 40 cm water table 

depth than at 0 or 15 cm depth. They also found that the grain yield and 

consumptive water use increased with deeper water tables. 

From the review, it is clear that experiments on inter cropped situations 

are rare. 

2.3. Response of different intercrops to intensities of light 

2.3.1. Height 

Ramanujam et uf. (1984) reported that plant height continued to 

increase in all the cultivars of cassava grown under shade. He also observed 
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that the stem girth of the dwarf type Ci-590 was almost double under 

shade. 

Okoli and Wilson (1986) observed that the plant height of l:assava 

illl:rcused us perl:enlage of shade increased. Srcckumari et al. (19RR) found 

un increase in plant height of cassava genotypes grown in a COl:Ollut garden. 

There was significant difference in plant height due to shade at the 

initial growth stages of elephant fool yam up to 130 DAP, the height of the 

plant recorded an appreciable increase under intense shade and a decrease 

with increase in light intensity (Pushpakumari, 1989). Ashokan (1986) 

recorded increased plant height in elephant foot yam under intercropped 

situation. 

In cowpea, Tarila el al. (1977) observed reduced plant hright at higher 

lighl ililelisity of 27 Klux. 

The review reveals that the crop plants grown under shade invariably 

record an increase in height compared to those raised in the open. 

2.3.2. Leuf ureu 

Fukai et £II. (1984) examined the effects of solar radiation on crop 

growth by growing cassava cultivar, M Aus-7 and observed that specific leaf 

area under full sun decreased as the plant aged. Low radiation led to leaves 

with high specific leaf area particularly in young plants. 
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Significant differences between cultivars for LAI and specific leaf 

weight were observed when six cassava cultivars were raised as intercrop in 

30 year old coconut plantation (Ramanujam et ul., 1984). 

Ramanujam and los (1984) concluded that leaves of cassava plants 

grown under shade were thinner and dark green in colour when compared to 

plants grown under normal light. 

According to Okoli and Wilson (1986) the LAI of cassava decreased 

as percentage of shade increased in trials conducted in S.W. Nigeria. 

In an evaluation with 50 lines of cassava grown as intercrop in coconut 

garden, Sreekumari et ul. (1988) observed larger, but less number of leaves 

and increase in leaf longivity under shade. 

2.3.2.2. Elephant foot yam 

Lee (1992) indicated increase in leaf area of elephant foot yam with 

decreased shade. 

In elephant foot yam, the LAI was increased upto 25 per cent shade 

level and thereafter it decreased considerably (Pushpakumari, 1989). 

Tarila et ul. (1977) reported an increase in leaf area and plant size of 

cowpea at a higher light intensity. 
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The review shows that there is an increase in specific leaf area and a 

decrease in LAI with increase in shade. 

2.3.3. Photosynthesis 

Tsuno et al. (1983) reported that the photosynthetic rate of cassava 

was similar in the morning and afternoon at light intensities more than 30 K 

lux and showed a peak at 28° C having light intensity of 25- 40 Klux. 

Kasela et al.( 1984) observed reduced diversion of dry matter to 

tuberous roots under shaded conditions. They also found that dry weight of 

tuberous roots plant- 1 after six months ranged from 7.0 to 66.5 g and 2.5 to 

24.0g in unshaded and shaded plants respectively. 

Ramanujam el ale (1984) suggested that the dry maller accumulations 

in the shoots of sun and shade grown cassave plants were similar while marked 

differences were observed for dry matter accumulated in tuber. 

Ramanujam and Jos (1984) stated that the photosynthetic apparatus 

per unit leaf area was curtailed under low light intensity. 

In a study on the effect of shading on cassava, Okoli and Wilson (19R6) 

observed that stem and leaf dry weights increased with decreasing degree of 

shade. 
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Miura and Osada (1981) observed that light saturation point of 

photosynthesis increased from 20 to 740 K lux during the 30 days when all 

leaflets unfolded irrespective of shading, then decreased 2 months later, the 

de(;rease being sharper in shaded plants. Under full light and 25 per cent 

shade, photosynthetic rale reached a maximum of 10 mg C02dm- 2 h- I at 20 

days after leaf unfolding, then decreased rapidly. Under weak light the rate 

was high up to 30 days after unfolding, then decreased gradually. 

Shading decreased the photosynthetic capacity of Amorphophallus 

kUlljllC (Lee, 1992). 

The higher light intensity (27 K lux) reduced plant height, but 

improved plant growth, in terms of increased branching and plant size under 

controlled environment (farila el al., 1977). 

The revIew shows that an increase in shade decreases the 

phottJsytHhetlt activity atld dty mattet production of majority of crops and in 

tuber crops, there is a reduction in dry matter accumulation in tuber. 

2.3.4 Growth analysis 

Ramanujam et al. (1984) compared the growth characters of 12 

cultivars of cassava under shade with those obtained under open and observed 

that LAI, SLW and CGR were 2.19, 5.6 Illg cm- 2 and 5.3 gm- 2 day -I 

respectively in the open and 2.40, 3 mg ~m-2 and I.X gm- 2 day -I respectively 
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in shade. They also stated that due to longer leaf life, the number of leaves 

retained at any stage of the crop in all the cultivars under shade were 

significantly higher, resulting in higher LAI. Ramanujam and Jos (1984) 

reported that under low light though the leaf blades were slightly broader, the 

LAR was very high. 

Fukai et al. (1984) reported that in cassava, reducing solar input to 32 

per cent decreased the CGR to about half that of the control regardless of 

plant age. Ramanujam et al.( 1984) observed that the CGR and NAR of cassava 

grown under shade were reduced significantly when compared to those plants 

grown under normal light. Under low light intensities, the SLW was reduced 

significantly by 57 to 62 per cent (Ramanujam and Jos, 1984). 

Pushpakumari (1989) reported that there was a decrease in NAR with 

increase in shade intensity in many minor tuber crops. But significant variation 

was observed in elephant foot yam which recorded higher CGR values by 

medium and low shade during the first and second phases of growth 

respectively. 

According to the review, there are contradicting reports on the response 

of shade on growth of crop plants. 

2.3.5. Yield attributes and yield 

Ramanujam et al. (1984) observed a considerable delay in tuber 

initiation under shade when compared to the open condition. It was reponed 
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that the yield reduction of the varieties due to shade effect ranged from 65 to 

94 per cent. They observed less number of tubers plant-) in cassava grown 

under established coconut garden. 

III 1111 IlIler illstltute lrilll Oil illlcn:roppllIg COlldllClcd "' K/I'''ljlln~(Id. 

cassava gave a tuber yield of 4.3 t ha-! in an established coconut plantation 

of 25 years old compared to 35.6 t ha- I in the open (CTCRI, 1985). 

Ramanujam, et at. (1984) reported a reduction in tuber yield due to 

shading caused by intercropping in 30 year old coconut plantation. 

It was observed that 20, 40, 50, 60, and 70 per cent shade levels reduced 

cassava yield by 43, 56, 59, 69, and 80 per cent respectively, as compared to 

control (Okoli and Wilson, 1986). 

Sreekumari et at. (1988) found that the tuber yield was significantly 

reduced under shade in coconut garden. 

Ghosh et at. (1990) observed that growth and tuber yield of cassava 

were greater when grown with banana compared to the sole stand. 

According to Nayar and Sadanandan (1991) Sree Visakham was 

found to be the best under shaded condition recording superior yield attributes. 

Sreekumari and Abraham (1991) observed that shading in general 

adversely affected tuber development rather than shoot and leaf formation. 
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Ginh of stcm and tubcr showed significant positive correlations with tuber 

YIeld under shade. 

Suma t'I ell. (1989) assessed the performance of Ie) cultivars of hanana 

as intercrop with coconut in non-irrigated, partially shaded conditions in which 

Booditha Bontha Bathusa and Kanchikela gave the highest yields (8925 and 

8890 kg ha- 1) respectively. Poovan, Chenkadali and Palayankodan were found 

to be shade tolerant and have been recommended for the homesteads of Kerala. 

Miura and Osada (1981) observed that under full light and 25 per cent shade 

photosynthetic activity rcached the maxirlium of 10 mg CO2 dm· 2 h-I at 20 

days after leaf unfolding and then decreased rapidly. Under weak light, the 

rate was high up to 30 days after leaf unfolding and then decreased gradually. 

They also observed that corm dry weight was increased by shading. 

In a study on the intercropping of tuber crops in irrigated Nendran 

banana, the reduction in the bunch yield of banana was the least in the 

combinations involving Ncndran banana and clephant foot yam (Joscph. 

1992). Nayar and Nair (1992) observed no adverse effect on the growth and 

yield of banana due to intercropping with Amorp!zoplwllus paeolliifo/ius. 

Dioscorea a/ala alld XalllllOSOl1la sagill({oliul1I. 

Pushpakumari and Sasidhar (1992) found that yield decreased with 

increasing level of shade and the lowest value was rccorded with 75 per cent 

shading. 
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In a field trial to test the feasibility of growillg ViM1W ullguiculata 

with COCOllut. C v. Kanakamani was artificially shaded by 25. 50 and 75 per 

ccrll (Gcorge and Nair, 1987). Yields for 0,25. 50 and 75 per cent shading 

were 1.58. 0.66. 0.40 and 0.15 t ha- I respectively. It was concluded that 

under shaded condition yield was less. 

The review shows that the effect of intercrop varied with the type of 

crop. 

Expt -II 

Radiotracer techniques for studying plant root systems 

Radioisotopic methods to study the plant root systems in the field 

using 32p were initiated by Lou et al. (1950) and Hall et al. (1953). Since 

then 32p and many other radioisotopes were utilised for studying the root 

activity and root distribution patterns of many crops. 

Bascd on the ahsorptioll of applied 32p. highest root activity of ballana 

was found to be ncar the soil surface at a distance of 40 cm f(om the plant 

(lAEA, 1975). Mohan and Rao (1987) observed highest root activity in banana 

at a distance of 30 cm from the plants. Under rainfed conditions . 
. 

approximately 85% of the active roots reside within 40 cm from the banana 

plant. ACtive roots tended to be concentrated at a depth of J 5-30 cm (Sobhana 

et al., J 989). 
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The rool <ll:livily pallcl'Il of rainred l:assava l:V. M-4 planted on 

mounds was studied 111 the field using a 32p soil injection technique 

(Ashokan et ui., (989). Highest uptake of 32p was observed from the soil at 

20 cm lateral distance and 20 cm depth during 90-150 d of growth. 

Anilkumar and Wahid (1988) investigated the root activity pattern of 

a 9 year old l:oconut palm using 32p soil injection technique. They observed 

that over 80 per l:ent of the active roots were confined to an area of 2m radius 

around the plam. The vertical spread of the majority of the roots was limited to a 

depth of 60 cm below which root activity declined sharply. 

In coconut palms, isotope studies on the efficiency of fertilizer 

utilization revealed that uptake was most efficient at 10 cm depth and 0.5 m 

distance from thc palm (Ualakrishnamurthi, 1971). 

The root competition for the radiophosphorus by specIes grown In 

intercropping systems including corn-field bean. corn-sesame, corn-casterbean, 

caster bean-sesame were studied by Lai and Lawton (1962). They observed 

that corn was the most effective feeder of fertilizer P. Its roots penetrated the 

less extensive root system of beans and sesame to obtain P banded close to 

the other component crops and in contrast, there was little cross feeding 

between adjal:ent rows of beans or sesame. The VCrlil:al and lateral growth of 

alfalfa, birdsfoot trefoil and orchard grasses were reduced when grown as a 

companion crop with barley. Barley was able to compete with foruge seedlings 

for moisture and nutrients early in the established period due to rapid root growth 

(Cooper and Ferguson, 1964). 
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Absorption of applied 32p in 2-uIH.l-R-crop intercropping systems 

involving cassava. banana. elephant foot yam and groundnut was studied in 

field trials by Ashokan et £II. (1988). They observed that 32p applied to the 

root zone of onc species was absorbed not only by the treatcd plant but also 

by the neighbouring plants. Banana was the dominant species in the cassava 

/ banana / elephant foot yam intcrcropping systcm and accumulated thc 

major portion of the radioactivity recovered in the system. Cassava planted 

on raised mounds absorbed 32p from the root zones of elephant foot yam 

and banana growing in the interspaces. 

Absorption of 32p from cassava mounds by elephant foot yarn was 

negligible. In cassava groundnut intercropping systems cassava accumulated 

96-99% of the 32p recovered when the radiolabel was applied to cassava and 

48-88% when it was applied to the intercrops. Groundnut absorbed only 

negligible quantities of 32p from the cassava root zone. 

The literature available showed that most of the root studies using .np 

were in mOl1ocrop situations. Investigations on the absorption of 

radiophosphorus by component crops in cropping systems are rare. 

The review of literature revealed that under rainfed conditions many crops 

could be raised successfully as intercrop in the partial shade of coconut with a 

reduced dose of fertilizer. There was a decline in the yield of intercrops with an 

• 
increase in shade under coconut garden. The root activity and root distribution 

pattern of crops in the cropping systems could be studied precisely by using radio 

isotopes. 



MATERIALS AND METHODS 
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MATERIALS AND METHODS 

The produ<.:ti vity of inter<.:rops was evaluated in a <.:o<.:onut based 

cropping system by <.:onducting two field experiments at the College of 

Agri<.:ulLure, Vcllayani, for two consecutive cropping seasons of 1992-93 and 

1993-94. 

The expl.l. was intended to evaluate the <.:ropping system generally 

followed in a coconut garden. The expt.ll. was <.:onducted as a follow up 

study in the se<.:ond year. In this experiment somc of thc most important <.:rop 

combinations excluding vegetable cowpea were chosen and included for the 

isotopi<.: studies with 32p, so as to get a clear idea about the root a<.:tivity and 

rooting pattern, whkh will have dominant influen<.:e on the performan<.:e of 

the <.:rops in the system. 

3.1 Experimental site 

The field trials were <.:ondu<.:ted at the Instru<.:tional Farm, College of 

Agriculture, Vellayani. The Instructional Farm is lo<.:ated at 8° 30' north 

latitude and 70° 54' east longitude at an altitude of 29 metres above sea 

level. The se<.:ond experiment was condu<.:ted in a prote<.:ted area with hazard 

warning boards as it was a radiotra<.:er study. Vellayani experien<.:es a'typi<.:al 

tropi<.:al dimate and the weather data during the experimental period are 
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presented in Fig. I a and I b and in Appendix I [1 and I b. The soil of the 

experimental site is red loam. The mechanical and chemical characteristics of 

the soil are given in Appendix II. 

3.2 Cropping history 

The experimental area was lying fallow during the previous year. 

Prior to that, the land used for experiment I was under guinea grass and that 

used for experiment II was under vegetable crops. 

3.3 Technical Programme 

3.3.1 Experiment I 

The treatments included five different crop combinations involving 

coconut as the main crop and two levels of fertilizers for intcrcrops in a 

factorial combination. Sole crops of coconut and inter crops were 

maintained in the open area for comparison. The following are the 

treat men ts (PI ates 1-9). 

3.3.2 Treatments 

a) Crop combinations 

Co - Coconut alone 

C 1 - Coconut + cassava 

C 2 - Coconut + cassava + vegetable cowpea 
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C 3 - Coconut + cassava + elephant foot yam 

C4 - Coconut + cassava + banana 

C5 - Coconut + cassava + banana + elephant foot yam + vegetable 

cowpea 

b) Fertilizer levels for intercrops 

F I - Full recommended dose of N, P and K 

F 2 - Half the recommended dose of Nand P and full K. 

Treatment combinations - 11 

Tl - Co 

T2 - CIF I 

T3 - C 1F 2 

T4 - C 2F I 

T5 - C 2F2 

T6 - C 3FI 

T7 - C 3F2 

Tg - C4F I 

T9 - C4F2 

T 10 - C5FI 

Til - C5F2 



Plate 1. Gener~1 v,lew of the experimental plot 

Plate 2. Cropping system - Coconut + cassava 



Plate 3. Cropping system - Coconut + cassava + vegetable cowpea 

Plate 4. Cropping system - Coconut + cassava + elephant foot yam 



Plate 5. Cropping system - Coconut + cassava + banana 

Plate 6. Cropping system - Coconut + cassava + elephant foot yam + vegetable 
cowpea + banana 



Plate 7. Sale crops in the open 



Plate 8. Cassava F1 (open) 

Plate 9. Cassava F2 (open) 
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3.3.3 Layout of the experiment I 

The experiment was laid Ollt in a randomised hlock design with three 

rcplkaliolls (Fig. 3). The gross plot size was 7.5 x 7.5111. 

The population of coconut and intercrops in different treatments is 

given in Table 1. 

3.4 Details of crops 

The coconut palms were about 40 years old and of medium yielders 

and were spaced at 7.5 x 7.5 m. There was uniform shade of 25 per cent 

compared to open situation. 

Single or double rows of cassava were planted around the basins of 

coconut palms at a spacing of 90 x 90cm. There were 28 cassava plants in the 

outer row and 20 plants in the inner row (Fig. 2). 

Banana plants occupied the four remote corners of the plot with the 

coconut plam at the centre. Thus there were four banana plants in a plot 

(Fig. 2). 

Elephant foot yam was planted in the inner row around the basins of 

coconut palms at a spacing of 90 cm between plants. There were 20 plants of 

elephant foot yam around each coconut palm (Fig. 2). 



Table I. Population of coconut and inlercrops in differenl trealments 

(ha- 1) 

Treatments 

T J 

T 6 

T)O 

Sole crop 

Coconut 

175 

175 

175 

175 

175 

175 

175 

175 

175 

175 

175 

175 

Cassava 

8400 

8400 

8400 

8400 

4900 

4900 

7700 

7700 

4200 

4200 

12345 

(Gross area basis) 

EFY Banana 

3500 

3500 

700 

700 

3500 700 

3500 700 

12.345 2500 

Vegetable 
cowpea 
(hills) 

12600 

12600 

12600 

12600 

"II J 0 



a rcXONUT 

I 

1 

.~ 

, !In 
I -

13m 

\ 
\ 

'. , 

--------_ .. 

•• -, -.-;.' ,;.."""":.<.' \-, ----+ 
I 

I 

--
37~ 

b COCONUT + CASSAVA 

x 

., 
~----

" 

" I 

l( 

, 
\ 

.'\ 

1111 \ X 

8-·---'; ,-", 
.:.I\·m 

.' 

"WI,,,, 

x.. X 

.'\ 

., 

x 
·'~cm 

L-___________________________ _ 

C COCONUT + CI\SSI\ V 1\ -t VEGETI\BI.E COWPFA d COCON\JT + CIISSI\ V 1\ • EI.El'llMlT FOOT Y Ml 

i··· .. ····· .. ·· .. ····· .... · .. · 
X ! X X It X 

. It 
! " .--- - '. : , ~, 

)I. i It ,-I,.. \ 
X \ It I Z '" 'X 

" • I : I •• ----.ei 
X I X I /-'" 

\ 
\ /~~m 

" ' 
:t I x..... .':'It 

~. X 

I~"", 
I 

t :t 

I ---- :::-
X L ... ~ ....... _~ ..... _ .. ~ ....... ,,~ ..... -.. ~ ..... .J~J X 

X X X X X X ~ X 

C COCON1.Jf + C I\$SI\ V 1\ I· nl\NI\NI\ 
----------_._, ----------
• 

x 

• 

x 

x 

I 
X I , 

I 

X '. 

x X • 

_ ... -- -
., m ;:t . --'---:; 

'. , 

----
x x 

• coconut 

x cas.s.Jva 

I.~ 

/.c~m 

90cm -
E
· :'( 
"Oem 

. . 

)( 

o 

o 
I 

0 1 , 
I 

0' 

o 

o 

,. 

o 
. ' ,. 

o 

o 0 ---- ' . 

o o .'\ 

'. 
'. 0 It , 

\ 

e, Z '" '. 0 X 

o ~ I 

t~J o 0 o 

f' COCONUT + C{\I)SAVA +- f3ANi\Nr\ +

ELEPHANT FOOT Y k'v1 • + vl:.U1::rAHLl:. cuwPt:J\ 

• x x • .........................•.. _ ........................... . , 
~io 00000 

• 

o , 
I 

0 1 , 
I 

o 

o 

o o 

o 

.~ nl \ 0 e-· -" 
.... _--
o o 

o X 

:)'lCln :nei" 

l~"'" 0 

:-:'."Octn:< 

:r: 
Crl _. 

------------_. ------

o 
• b.n:ub 

v~':l:lble to~~ 

Fig. 2 Planting pattern of component crops in coco t b d' i nu ase cropp ng systems 



Fi~. 3a. Layout of the Expt I. In coconut ~arden 

Replication - I Replication - II Replication - III 

C 4 F2 C 2F2 Cs F2 C 3FI C 3F2 C IF2 

CsFI C I F I C 2F2 C 1F2 CSF2 CIF 1 

C 3FI C5F2 C 3F2 C4F, CsF, C4F2 

C 4F 1 C 3F2 CsF, C,F, C 2F, C 3FI 

Co C 2F I C 4 F2 Co C4F I Co 

C IF2 C2F I C2F2 

Treatments 

a. Crop combinations 

Co Co(.;onul alone 

C I Coconut + cassava 

C 2 Coconut + cassava + vegetable cowpea 

C 3 Coconut + cassava + elephant foot yam 

C 4 Coconut + cassava + banana 

Cs Coconut + cassava + banana + elephant foot yam + vegetable cowpea 

b. Fertilizer levels for intercrops 

F I Full recommended dose of N, P and K 

F 2 Half the recommended dose of Nand P and full K 



Fig. 3b. Open area 

CpFl 

CpF2 

Sole crops 

Ca 

Ba 

EFY 

Cp 

CaF2 

EFYF l 

BaF J 

Cassava 

Banana 

Elephant foot yam 

Vegetable cowpea 

CaFl 

EFYF 2 

BaF2 
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Vegetable cowpea was raised in a row in between rows of cassava and 

elephant foot yam or in between two rows of cassava with a plant to plant 

spacing of 30 em. A total of 72 hills (2 plants per hill) were accommodated 

in a plot. (Fig. 2). 

3.5 Details of varieties 

The description of different crop varieties used in this investigation 

are given below. 

Crop Variety 

Coconut West Coast Tall 

Cassava Sree Visakham 

Banana Njalipoovan 

Elephant foot yam Local 

Vegetable cowpea Arka Garima 

Description 

40 year old palms, medium 

yielders 

Hybrid, Semi branching 

10 months duration 

Thrives even under rainfed 

conditions, a good table 

variety 

9 to 10 months duration 

Bushy plants with long 

pods. 70-75 days duration 
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3.6 1)lanting materials 

The planting materials of cassava and elephant foot yam were collected 

from Central Tuber Crops Research Institute. Sreekariyam. 

Thiruv<ln<lnthapuralll, Vegetable cowpea seeds were obtained from 

Mithranikethan, Vellanad, Thiruvananthapuram and hanana suckers from 

Inslruclional Farm, College of Agriculture, Vellayani, Thiruvananlhapuram. 

Care was taken to collect disease free banana suckers of uniform age. 

3.7 Manures and fertilizers 

The farm yard manure used for the trial was found to contain 0.45 per 

cent nitrogen, 0.33 per cent phosphorus and 0.25 per cent potassium. 

Fertilizers with the following grades were used for the experiment. 

Urea - 46 per cent nitrogen (expressed as N) 

Mussoorie phosphate - 20 per cent P205 expressed as P 

Muriate of potash - 60 per cent potassium (expressed as 1<) 

Quick lime (CaO) - Neutralising value - 162 

3.7.1 Methods of manuring 

3.7.1a Coconut 

Opened a circular basin of radius 1.80 m around the plam to depth of 

25 em during May. Applied farm yard manure @ 25 kg per palm during June 

and inorganic fertilizers @ 0.50 kg N, 0.32 kg P and 1.20 kg K per palm per 
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year. One third dose of inorganic fertilizers was given during June - July and 

L wo third dose was gi ven during September - OCLober. 

3.7.J b Cassava 

Well decomposed farm yard manure @ 12.5 t ha- I was mixed with soil 

at the time of preparation of mounds. N ,P and K were applied @ 100: 100: 

100 kg ha- 1 for FI and 50:50:100 kg ha- 1 for F2 treatment. One third of N 

and K and full dose of P were applied before planLing cassava. The remaining 

quantity of Nand K were applied in two equal splits at 30 days and 60 days 

after planting followed by earthing up. In vegetable eowpea-intereropped 

plots, half of Nand K and full dose of P were applied as basal and the remaining 

quantity was applied after the harvest of vegetable cowpea. 

J.7.ll' Hunun" 

Farm yard manure was incorporated at the rate of 10 kg per pit at the 

time of planting. A fertilizer dose of 200:200:400 g plant-I of N. P and K for 

FI and a reduced dose of 100: 100:400g plant-I for F2 were given to ballalla. 

Half of Nand P and full dose of K were applied at a radius of 30 em from the 

base of the plant to a depth of 20 cm at 60 days after planting. The balance 

amount of Nand K were applied two months later. 

3.7.1d Elephant foot yam 

Farm yard manure was applied at the rate of 2 kg per pit and mixed 

wilh lop soil before planting the corms. A fertilizer dose of 80: 60: 100 kg 
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ha- i and a reduced dose of 40:30: 100 kg ha- i of N.P and K were applied to 

treatments F I and F2 respectively. Half of N, full dose of P and half dose of K 

were incorporated to the soil around the plant at a distance of 30 cm and to a 

depth of 20 Clll, one month after sprouting. The remaining dose of Nand K 

were applied one month later with a light raking of the soil. 

3.7.1 e Vegetable cowpea 

A fertilizer dose of 10:20:20: and 5: 10:20 kg ha- I of N,P and K were 

applied to treatments PI and F2 respectively. Half of Nand K and full dose of 

P were applied as basal and the remaining dose was applied one month after 

sowlllg. 

Lime was applied to vegetable cowpea as basal @ 250 kg ha- I . The 

cowpea seeds were inoculated with Rhizobium culture prior to sowing. 

The cultural and plant protection operations were followed as per the 

package of practices rccommcndations of KA U. 19R9. 

3.8 Observations 

Three plants each of cassava and elephant foot yam, three hills of 

vegetable cowpea and one plant of banana were selected at random for 

recording the following observations. 
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3.8.1 Height 

The height of the plant was measured from the base to the growing tip 

in their vertical position. 

3.8.2 Girth 

In elephant foot yam and banana. the girth of the pseudostem was 

measured at a height of 5cm and 15cm respectively from the base. 

3.8.3 Leaf area 

The leaf area of different component crops was measured with the 

help of a leaf area meter. The leaf area index was worked out by the 

formula suggested by Watson (1947). 

LAI 
Leaf area of the plant (cm 2 ) 

= 
Land area occupied by the plant (cm 2) 

3.8.4 Canopy spread 

III ('icphllllt fool yam, thc canopy spread was Illcasured across the 

diameter of the leaf. 

3.8.5 Root distribution 

The vertical and later al spread of the roots of the intercrops were 

studied by carefully excavating the soil. 
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3.8.6 Number of tubers per plant 

In cassava, the total number of tubers from the observation plants was 

recorded at the time of harvest and the mean values were used for statistical 

analysis. 

3.8.7 Tuber yield/corm yield 

After the harvest of crops, the tuber/corm yields were recorded. 

3.8.8 Bunch emergence 

In banana, the time taken for bunch emergence from the date of planting .. 
was recorded. 

3.8.9 Bunch yield 

The banana bunches were harvested when they attained full maturity 

and the bunch weight was recorded. The number of hands per bunch and the 

number of fingers per hand were also recorded. 

3.8.10 Pod yield 

The fresh weight of pods from vegetable cowpea was recorded 

immediately after picking. 
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3.H.ll Coconut yield 

The number of nuts harvested from coconut palms was recorded at an 

interval of 45 days. 

3.8.12 Haulm yield 

The fresh haulm yield of vegetable cowpea was recorded immediately 

after harvest. The vegetative portion of banana and elephant foot yam were 

also recorded at the time of harvesting. 

3.8.13 Dry matter production 

The dry matter production of each intercrop was obtained by summing 

lip the dry weight of all the plant parts at the tilllc of harvcst. 

3.8.14 Harvest index 

Harvest index was worked out from the dry weight of the whole plants 

and that of the economic produce. 

Harvest index 
Economic yield 

= x 100 
Biological yield 

3.8.15 Total dry matter production 

The productive efficiency of each croppIng system was studied by 

taking in to consideration the total dry matter production which was obtained 
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by totalling the dry matter production of the component specIes In each 

cropping system. 

3.9 Competitive parameters 

3.9.1 Land cquivalcnt ratio (LER) 

It was worked out from the data on the yield of intercrops both in 

mixture and pure culture by using the formula suggested by Mead and Willey 

(1980). 

LER = + 
Yaa X Zab Y bb x Zba 

Yab and Y ba are the component crop yield in intercropping system 

and Yaa and Y bb are their yields as sole crop. Zab and Zba are proportion of 

land area occupied in intercropping when compared to crop for species (a) 

and (b) respectively. 

3.10. Soil moisture depletion 

Soil moisture was measured at depths of 30, 60 and 90 cm using a non

nuclear moisture probe, sentry 200 AP moisture monitor (Plate 10). The instrument 

can measure the moisture content of soil at different depths quickly and precisely. 

It consists of a control unit, one calibrated probe, one access tube extender and 

cable stops. The measurement is taken by lowering the probe to the desired depth 
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in a standard two inch PVC access tube. The moisture content is determined by 

measuring the chunges in the dielectric constant of a soil sample. 

The measurements were made at fortnightly intervals on volume hasis 

during the second year from the experiment I (Plate 11). 

3.11 Light infiltration 

Light measurements from different plots were made using a Line 

Quantom Sensor at monthly intervals. The instrument measured the 

photosynthetically active radiation available at the crop canopies in micro 

einsteins per square metre per second (Jl E m-2 s-l). 

3.12 Quality attributes 

3.12.1 Starch content 

Starch content of the tubers of cassava, and corms of elephant foot 

yam was estimated by the potassium ferricyanide method (Aminoff et ai, 1970). 

The values were expressed as percentage on fresh weight basis. 

3.12.2 HCN content 

HeN content of the tubers of cassava was estimated by Picrate method 

(Indira and Sinha, 1969). 



Plate ,10. Non nuclear soil moisture probe 

Plate 11 . Access tube for measuring soil moisture 
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3.13 Plant analysis 

Nitrogen, phosphorus and potassium content of the plant parts of main 

l:rop and inlerl:rops were analysed. 

3.13.1 Nitrogen 

Total nitrogen content of the plant parts was estimated by the modified 

mIcro Kjeldahl method (Jackson, 1967). 

3.13.2 Phosphorus 

The phosphorus content in plant parts was estimated by the 

colorimeter method (Jackson, 1967). 

3.13.3 Potassium 

Potassium content in plant parts was determined photometrically using 

a Systronics flame photometer. 

3.14 Nutrient uptake studies 

Uptake of nitrogen, phosphorus and potassium at different stages of 

growth was estimated in Experiment I. The content of these elements in each 

plant part viz. leaf. stem, tuber/corm, pod and bunches was estimated and the 

total nutrient uptake was worked out. 
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3.15 Soil analysis 

Soil samples were taken before the commencement of experiment and 

after the harvest of crops ill both seasons in Experiment I. The data on initial 

analysis showing the physkal and chemical composition of the soil is 

presented in Appendix 2. The soil collected after the harvest of each crop 

was analysed for organic carbon, available nitrogen, phosphorus and 

potassium. 

The methods followed for the analysis of physical and chemical 

properties of soil are given below. 

3.15.1 Mechanical analysis 

The international Pipette method (Piper, 1950) was used for the 

mechanical analysis of the soil 

3.15.2 Soil pH 

The pH was determined with the Elico pH meter (Jackson, 1967) in 

I :2.5 soil water suspension. 

3.15.3 Organic carbon 

Walkely and Black's net oxidation method as described by Jackson 

(1967) was used for the estimation of organic carbon. 
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3.15.4 Availuble nitrogen 

Available nitrogen was cstimatcd by the alkalinc pcrmanganate mcthod 

of Subbiah and Asija (1956). 

3.15.5 Available phosphorus 

Available phosphorus was estimated by Bray's No.1 extra~t method 

(Jackson, 1967). 

3.15.6 Available potassium 

Availahle potassiulII was cxtracted by neutral norlllal allllllolliulll 

acetate solutioll alld determined by a Systronics flallle photomcter (Jacksoll, 

1967). 

3.16 Statistical analysis 

The experimental data were analysed statistically by applying the 

technique of analysis of variance for randomised block design (Cochran and 

Cox, 1965). While analysing the data statistically CD were provided only 

when the F values were significant. Statistical analysis was performed using 

IBM-PC AT/486 computer installed in the department of Social sciences, 

CTCRI Sreekariyam, Thiruvananthapuram. 

3.17 Economics 

The gross income, gross expenditure and net profit for each cropping 

system was worked out. 
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3.18 Experiment II 

Competition for applied 32p in coconut + cassava + banana + elephant 

foot yam intercropping system 

The following crop combinations as well as sole crops were selected 

for 32p treatment (Fig. 4). 

a. Coconut + cassava 

b. Coconut + banana 

c. Cassava + banana 

d. Cassava + elephant foot yam 

e. Banana + elephant foot yam 

f. Coconut 

g. Cassava 

h. Banana 

l. Elephant foot yam 

The treatments compared In this experiment were different 

combinations of sole and mixed crops and two sampling periods (Plates 12-20). 

Following were the treatments adopted for 32p application and the layout 

plan is given in Fig. 5. 

3.18.1 Treatments 

a) l. To cassava sole crop inner row 

11. To cassava sole crop outer row 

111. To cassava inner row in coconut + cassava 
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Fig. 5. Layout of Experiment - II 

Fig. Sa. Treated cassava in mono and mixed systems 
Fig. 5b. Treated banana in mono 

and mixed systems 

RI Cati Cati Cati Cato 
(+Ba) (S) (+Co) (+Ba) 

RII Cati Cato Cato CalO 

(+Co) ( +EFY) (S) (+Co) 

Rill Cati Cal<> Cato Cati 

(S) (+Ba) (+Co) (+Ba) 

Fig. 5c. Treated elephant foot yam 
in mono and mixed systems 

RI EFYt EFY, EFYt 
(5) (+Ba) (+Ca) 

RII EFYt EFYt EFYt 
(+Ba) (5) (+Ca) 

Rill EFYt EFYt EFYt 
(+Ca) (+Ba) (S) 

Cato Cato 
(S) (+Ca) 

Cato Cati 
(+Ba) (+Ba) 

Cati Cato 
(+Co) (+EFY) 

Cato RI Bat 

(+EFY) (S) 

Cati RII Bat 

(5) (+Ca) 

Cato RIll Bat 

(S) (5) 

Fig. 5d. Treated coconut in mono 
and mixed systems 

COt 

(+Ba) 

. 

Bat Bat Bat 

(+Ca) (+EFY) (+Co) 

Bat Bat Bat 

(+Co) (+EFY) (5) 

Bat Bat Bat 

(+EFY) (+Ca) (+Co) 

Ba - Banana 
Ca - Cassava 
Co - Coconut 
EFY - Elephant foot yam 

- inner row 
o - outer row 
S - Sole crop 

- treated 



IV. To cassava outer row in coconut + cassava 

v. To ~assava inner row in banana + ~assava 

VI. To cassava outer row in banana + cassava 

VII. To cassava Olller !'Ow ill clcphant lool YUill + cassavu 

b) 1. To banana sole crop 

11. To banana in coconut + banana 

Ill. To banana in cassava + banana 

i v. To banana in elephant foot yam + banana 

c) 1. To elephant foot yam sole crop 

11. To elephant foot yam in cassava + elephant foot yam 

Ill. To elephant foot yam in banana + elephant foot yam 

d) 1. To coconut sole crop 

II. To coconut in banana + coconut 
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The details of cultural operations adopted for different crops are 

same as in Expt. I and hence not repeated here. 

3.18.2 Application of 32p 

The radioactive 32p solution was applied along the fertilizer 

application zone in the rhizosphere. The following specifications were fixed 

for application, based on the root data collected. 



Plate 12. Access tubes installed for application of 32p to coconut 



Plate 13. Access tubes installed for application of 32p to cassava Plate 14. Access tubes installed for application of 32p to banana 
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Plate 15. Access tubes installed for application of 32p to elephant foot yam 

Plate 16. 32p treated plants in coconut + cassava cropping system 



Plate 17. 32p treated plants in coconut + banana cropping system 

Plate 18. 32p treated plants in cassava + banana cropping system 



Plate 19. 32p treated plants in cassava + elephant foot yam cropping system 



Plate 20. 32p treated plants in banana + elephant foot yam cropping system 



Coconut - 100 cm radius and 30 cm depth 

Cassava - 20 em radius and 30 cm depth 

13anana - 20 CIll radius and 30 Clll depth 

Elephant foot yam - 30 cm radius and 15 cm depth 
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The 32p solution was injected to the desired soil depth through PVC 

access tubcs of 2 CI1\ diameter. The soil injection of ~2p solution was done 

using a device designed for the purpose (Wahid et u/., 1988) 

The stock 32p solution in the vial was transferred to the reservoir bottle. 

The required volume of the 1000 ppm carrier solution (KH 2 P04 ) was added 

to the bottle to give 3011 Ci of 32p per m1. A Lumac Dispensette was then 

fitted to the reservoir bottle. The calibrated dispenser was set to deliver one 

1111 with every stroke of the plunger. 

Equally spaced holes at the required depth were made along the 

periphery of the fertilizer application zone around the plant. The numher of 

holes made for coconut, hani.lna. cassava and elephant foot yam were 16. H. 4 

and 4 respectively. 

The holes were dug a day 111 advance of the application of 32p 

using a soil auger of 2 cm diameter. The PVC access tubes were inserted 

into the hole and the opening at the top of the tube was covered with 

polythene paper and secured firmly with rubber bands to prevent the 

entry of water. 
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The delivery tube of the dispenser was introduced into the access tube 

dUring application of 32p solution and one 1111 of the radioactive solution was 

dispensed at each hole. The total activity applied per plant was as follows. 

Cm:onut - 0.96 III Ci 0.55 MBt) 

Banana - 0.24 III Ci (O.X9 MBt) 

Cassava - 0.12 m Ci (0.44 MBt) 

Elephant foot yam - 0.12 III Ci (0.44 MBt) 

3.IH.3 Plant sampling for radioassay 

The leaves were sampled at 15 and 30 days after application of 32p. 

The treated and surrounding plants were sampled separately. In coconut, 

leaf samples were collected from the middle portion of the sixth leaf from the 

first fully opened leaf for radioassay (lAEA, 1975). In cassava, the fifth leaf 

from the terminal bud. which was giving stable values of J2p count was taken 

for radioassay (Ashokan l'l al. 19RR). In banana. the third leaf from the top 

was considered as the reflect for nutrient analysis (Hewitt, 1955) and the 

same was taken for radioassay (lAEA. 1975 and Sohhan:t ('I al. 19R9). Since 

there is only one compound leaf in elephant foot yam, leaflets were collected 

:II random from the leaf (Ashokan el al .. 19RR ). Lear samples were taken 

from not only the 32p treated plant, but also from those surrounding it inorder 

to examine whether the plants absorbed from the root zones of neighboring 

plants. 
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3.18.4 Radioassay of plant samples 

The oven dried plant samples were cut into small pieces and one gram 

was digested with 15 ml I: I HN03 : HCI04 diacid mixture, until the digest 

was dear and reduced to 2 to 3 Illl. Then the digest was transferred to 

scintillation vials. The flask was washed two to three times with distilled 

water and the washings were also transferred to the vial and made up to 20 ml 

in comparison with the 20 ml mark of water kept in another scintillation vial. 

The vial was kept undisturbed for four hours and the radioactivity was 

determined by Cerenkov technique in a liquid scintillation counter (Wahid 

el al .. 1985). 

3.18.S Statistical analysis 

The data recorded were statistically analysed (Gomez and Gomez 

1984). The data were corrected for background and decay and the analysis of 

variance was done after log transformation. 



= 
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RESULTS AND DISCUSSION 

The results of the experiments l:ondlll:ted to study the effed of nutrient

moisture, light interactions in a coconut based homestead cropping system 

are presented in this chapter. 

The individual crops are taken in the beginning for consideration and 

the system as a whole is described afterwards. 

The first experiment consists of cropping systems and fertilizer doses 

and the second experiment deals with radiotracer studies. 

Particular emphasis is given to the production of these l:rops as 

influenced by nutrients, moisture and light. 

Only the important growth and yield attributes which influence the 

system as a whole is taken into consideration as it is different from a normal 

experiment under monoculture situation. 

4A. ExpLl. Nutrient-Moisture-Light interactions 

4A.1. Cassava 

4A.1.1 Growth characters 

4A.I.1.1 Height 

Different cropping systems involving coconut did not influence the 
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height of cassava significantly in both the years (Table 2). 

Cassava plant height was not influenced by the doses of fertilizers 

applied to inten.:rops in both years. 

The height of cassava was very high under coconut garden, when raised 

as intercrop, compared to the plants in the open at all the stages of growth. 

The PAR received under the partial shade of coconut was only 75 per 

cent of that obtained in the open. The taller plants observed in shaded 

condition is probably due to lesser PAR obtained in the intercropped situation. 

The cassava plants raised in the open were much shorter because of the 

availability of full sunlight in both fertility conditions. Ramanujam et al. 

(1984), OkoIi and Wilson (1986) and Sreekumari et al. (1988) also observed 

higher plant height for cassava under shaded situations. 

4A.1.1.2 Leaf area 

The influence of cropping systems on leaf area of cassava was not 

conspicuous (Table 3). However the leaf area was higher under shaded 

condition, compared to open situation. 

Increased leaf area was observed in plants in the open with full dose 

fertilizer compared to the reduced dose especially in the early stages. 



Table 2. Effect of cropping systems and fertilizer doses for intercrops on 

the height of cassava at different stages of growth (cm) 

Cropping 
systems 

CI - Co + Ca 

C2 - Co + Ca + VCP 

C3 - Co + Ca + EFY 

C4 - Co + Ca + Ba 

C5 - Co + Ca + VCP + 

EYF + Ba 

CD (0.05) 

SEM ± 

Fertilizer doses 

FI - FD 

F2 - RD 

CD (0.05) 

SEM ± 

Sole cassava (open) 

FI - FD 

F2 - RD 

Co - coconut, Ca - cassava, 

FD - full dose of N. P & K. 

1992-93 1993-94 

Days after planting Days after planting 

75 150 225 300 75 150 225 300 

107 175 355 369 81 187 306 368 

119 151 323 335 80 174 314 365 

81 157 301 310 80 166 294 347 

97 145 324 334 85 181 293 361 

82 131 306 318 75 159 287 370 

13.02 

4.38 9.60 13.12 16.06 3.23 7.00 11.24 15.26 

95 163 330 341 77 176 303 357 

99 140 314 326 83 170 295 367 

18.03 

2.77 6.07 8.30 10.16 2.04 4.43 7.11 9.65 

88 119 191 203 89 140 231 241 

66 102 158 178 75 135 207 210 

VCP - vegetable cowpea,EFY - elephant foot yam, 

RD - hal f dose of N and P and full dose of K. 



Table 3. Effect of cropping systems and fertilizer doses for intercrops 
on the leaf area of cassava at different stages of growth 
(m2 plant-I) 

Cropping 
systems 

Cl - Co + Ca 

C2 - Co + Ca + YCP 

C3 - Co + Ca + EFY 

C4 - Co + Ca + Ba 

C5 - Co + Ca + YCP + 

EYF + Ba 

CD (0.05) 

SEM ± 

Fertilizer doses 

Fl - FD 

F2 - RD 

CD (0.05) 

SEM ± 

Sole cassava (open) 

FI - FD 

F2 - RD 

Co - coconut, Ca - cassava, 

FD - full dose of N, P & K, 

1992-93 1993-94 

Days after planting Days after planting 

75 150 225 300 75 150 225 300 

1.854 2.567 3.018 1.042 1.322 2.569 2.718 2.656 

2.122 2.296 2.748 1.177 1.026 1.687 2.199 2.598 

1.7302.8293.1221.084 1.136 1.7 U 2.520 2.435 

1.967 2.225 ~.4011 0.1144 I.()~II 1.11116 2.229 2.259 

1.464 2.257 3.480 1.297 1.004 1.737 2.560 2.955 

0.301 

0.101 0.220 0.273 0.160 0.040 0.168 0.298 0.356 

1.968 2.723 J.5U 1.088 1.101 1.954 2.243 2.199 

1.687 2.147 2.797 1.090 1.110 1.883 2.647 2.962 

0.190 0.414 0.514 0.699 

0.064 0.139 O. I 73 0.101 0.025 0.106 0.188 0.225 

1.242 2.087 3.269 O. U I 1.4784.072 1.2810.532 

1.171 2.411 1.780 0.403 I.J40 2.927 0.616 0.894 

YCP - vegetable cowpea, EFY - elephant foot yam, 

RD - half dose of Nand P and full dose of K. 
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The tendency of plants to increase the LAI due to moderate shading 

Illay perhaps he a plant adaptation to expose larger photosynthetic surface 

under limited illumination (Pushpakumari. 1989). Increase in leaf area of 

cassava consequent to shading was reported hy Ramanujam et til. (1984). 

Increased leaf area with full dose of fertilizer is due to higher vegetative 

growth at early stages. 

The results reveal that fertilizer dose has clear effect on the leaf area 

of cassava. 

4A.1.2 Yield attributes 

4A.1.2.1 Tuber length 

The length of tuber was not influenced by cropping systems in both 

years (Table 4). This shows that tuber length is not influenced by sunlight. 

4A.1.2.2 Girth of tuber 

Girth of tuber was more in the cropping system involving vegetable 

cowpea and elephant foot yam. 

Cassava in the presence of vegetable cowpea or elephant foot yam 

showed an increase in girth of tuber. while the increase in tuber girth was 

tremendous in the presence of both vegetable cowpea and elephant foot yam. 



Table 4. Effect of cropping systems and fcrtili7.er doses for inlercrops on 

the length, girth, numher of tuhers and mean tuber weight of 

cassava at the time of final harvest. 

1992-93 1993-94 

Length Girth No of MeAn length Girth No of Mean 
Cropping (cm) (cm) tubers tuber (cm) (cm) tubers tuber 
systems plant-! weight plant-' weight 

(g) (g) 

Cl • Co + Ca 26.0 14.8 8.3 244 24.1 16.2 6.3 270 

C2 . Co + Ca + VCP 26.4 15.2 8.5 189 24.7 17.1 6.8 264 

C3 • Co + Ca + EFY 26.2 15.3 9.2 268 21.8 16.4 5.7 460 

C4 • Co + Ca + Ba 25.2 14.1 10.2 227 25.5 16.3 8.2 228 

C5 • Co + Ca + VCP + EYF + Ba 28.6 172 7.7 325 24.4 18.6 5.8 433 

CD (0.05) 1.784 168.018 

SEM ± 1.560 0.600 0.747 30.102 1.528 0.698 0.902 56.550 

Fertilizer doses 

F1 . FD 266 15.1 9.6 257 22.6 15.9 7.2 335 

r2-HU 26.4 155 79 244 25.6 179 5.9 326 

CD (0.05) 1403 2.872 1.311 

SEM ± 0.987 0.380 0.472 19.038 0.967 0.441 0.570 35.765 

Sole cassava (open) 

F1 . FD 27.1 142 12.0 356 27.1 18.0 9.0 451 

F2· RD 27.1 13.8 7.3 263 29.5 16.2 7.7 216 

Co· coconut, Ca· cassava, VCP· vegetable cowpea, EFY . elephant foot yam 
FD . full dose of N, P & K, RD· half dose of Nand P and full dose of K. 
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Cassava might have derived additional plant nutrients from the rhizosphere 

of vegetable I.:owpea and elephant foot yam. An inl.:rease in tuber girth of 

cassava due to intercropping was also reported by Bhat (1978), Anilkumar 

( 1984) and Ashokan (1986). 

4A. J .2.3 TulJer number per plant 

The number of tubers per plant was not influenced by different 

cropping systems. However with full dose of fertilizer, higher number of 

tubers was observed both under shaded and open condition (Table 4). 

In cassava, tuber initiation generally starts by about 30 days after 

planting and tuber formation will be over with in two three months there 

after (Keating et uf. 1982). According to Enyi (1972 .) carbohydrate supply 

in the early growth stages influences storage root number. Higher dose of 

fertilizer along with full sunlight results in efficient photosynthesis leading 

to higher number of tubers per plant. The reaction in the number of tubers 

under shaded condition may be due to the subsidence in light compared to 

open situation. 

4A.1.2.4 Mean tuber weight 

Cropping systems influenl.:cd the mcan tubcr weight significantly in 

the second year especially when intercropped with elephant foot yam. 

Mean tuber weight was not influenced by fertilizer doses for intercrops. 
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In the open, higher mean weight was observed. l:ompared to shaded 

condition (Table 4). 

The supenor mean tuber weight obtained for cassava in croppIng 

systems involving elephanl fool yam implies Ihal a portion of the nutrient 

applied to elephant foot yam was absorbed and utilized by cassava for its 

growth and tuber production. 

Radiotracer studies also indicated that when 32p was applied to 

elephant foot yam, a substantial quantity was absorbed by the neighbouring 

cassava plants (Table 35). 

In the open, photosynthesis took place al an enhanced rate resulting 

in higher mean tuber weight, where as under shade. the shortage of light leads 

to reduced photosynthesis with a lesser mean tuber weight. 

4A.1.2.S Tuber yield 

Tuner yield was not influclH:cd hy cropping systcms and inlcractions 

liming hOlh years (Tahle 5). 

Eventhough different doses of fertilizers had effect on tuber yield in 

the first year, there was 110 effect during the second year. Full dose of fertilizers 

produced significantly higher tuber yield in the first year compared to reduced 

dose. 



Table 5. Effect of cropping systems and fertilizer doses for intercrops on 

the tuber yield of cassava (t ha- I ) (Net area basis) 

1992-93 1993-94 

Cropping Ferlilil.cr doscs Fcrtilizcr doscs 
systems 

rD RD Mean FD RD Mean 

CI - Co + Ca 27.542 22.468 25.005 21.785 17.078 J 9.432 

C2 - Co + Ca + VCP 22.283 17.221 19.752 20.345 19.867 20.106 

C3 - Co + Ca + EFY 31.743 27.838 29.791 31.731 31.394 31.563 

('4 - Co + Cn + fla 30.B54 B.777 27.3 J () 26.209 IS.30B 22.259 

C5 - Co + Ca + VCP + 34.965 25.431 30.198 36.907 21.509 29.208 

EFY + Sa 

Mean 29.477 23.347 27.395 21.631 

CD (eU)5) SEM ± CD (0.05) SEM ± 

Treatments - 3.740 - 4.592 

Cropping systems - 2.642 - 3.247 

Fertilizer doses 4.463 1.667 - 2.062 

11I1I'111l'l i 0 II .1 74 (I " .~()2 

Sole cassava (open) 

FI -FD 38.405 41. 1 70 

F2 - RD 32.343 19.295 

Co - coconut. Ca - cassa v a, VCP - vegetable cowpea. EFY - clephant foot yam. 

PD - full dose of N. P & K. RD - half dose of Nand P and full dose of K. 
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Tuber yield was inferior under shaded l,;ondilJUII I,;olllpared to opel!. 

It was seen from the results that cropping system either alone or in 

interaction with fertilizer dose did not influence the tuber yield (Plates 

21-23). There was no decrease in yield of cassava under intercropping system 

with vegetable cowpea. elephant foot yam and banana when compared to 

cassava alone under partial shade of coconut. The competition from 

component crops was less and so the tuber yield of cassava was not affected 

adversely. 

Vegetable cowpea was in the field as an intercrop in cassava only for 

the first three 1110nths. Elephant fOOl yam remained in the field for eight 

months after planting and its canopy once established did not vary much. The 

banana plant occupied the four remote corners of the plot and hence its 

competition was also minimum which resulted in the smooth growth and tuber 

production in cassava. 

Radiotracer studies using 32p also revealed that cassava can be raised 

along with coconut, banana and elephant foot yam without any drastic effect 

on cassava nutrition (Table 35). 

The results reveal that under the partial shade of coconut, cassava needs 

only a reduced dose of fertilizer. especially Nand P in the presence of other 

component crops viz. vegetable cowpea. elephant foot yam and banana (Table 5). 



Plate 21. Tubers of cassava at harvest (T2, T3, T4 and T5) 

Plate 22. Tubers of cassava at harvest (T6, T7, T8 and T9) 



Plate 23. Tubers of cassava at harvest (T1 0, T11, F1 (open), F2 (open) 
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A reduced dose of fertilizer resulted in drastic reduction in the tuber 

yield of cassava in the open during second year, whereas the reduction was 

negligible in the case of cassava under shaded condition. indicating that for 

cassava grown in the cropping system a reduced dose is sufficient (Table 5). 

In this connection, it may be mentioned that the earlier 

recommendation in the package is to apply the full recommended dose for 

cassava either as a sole crop or when grown as an intercrop so as to avoid 

competition for nutrients. 

In fact one of the main objectives of the study was to assess whether 

such a practice was necessary or not. The results clearly reveal that in an 

intercropping situation where multiple crops are grown, half the fertilizer dose 

especially Nand P is sufficient for cassava. 

One of the probable reasons is that PAR is just 75 per cent when 

compared to open sole crop situation (Fig. 15). This drastically reduces the 

uptake and utilization of nutrients as shown in Fig. 7. Naturally it is to be 

surmised that the full dose of fertilizer applied in the system was not being 

utilised by the crop and resulted in the wastage as evidenced by uptake data which 

shows that almost the same uptake is recorded in full dose especially in the case 

of Nand K in the second year (Fig. 7). 

The presence of component crops especially· vegetable cowpea, 

elephant foot yam and banana might have helped in retaining the moisture 
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content of the field by reducing evaporation loss hecause of their canopy. The 

inlercrops also might have suppressed the weeds in the plot hy sll10thering them. 

Thus incrcascd lJIoisture ICt~lItioll ill SlIJIIIIICr as Icvcalcd ill Fig. 12.13 & 14 allo 

lesser wccd populatioll lIIight havc resulted in satisfactory growth of cassava in 

COCOllut based cropping system involving other component crops. There was no 

competition for moisture and hence there was no drastic reduction in the yield of 

cassava under shaded condition. 

One peculiar view among cultivators is that when more crops are grown 

JI1 unit area more quantity of moisture has to be given. In fact, this is one 

of the main factors for not adopting a cropping system approach in the rainfed 

coconut gardens of the state. This fear of the cultivator is unfounded as revealed 

in the experiment. In a cropping system, the evaporative demand of the 

moisture is reduced considerably and the moisture retention in the soil is 

favoured by the canopy cover of the component crops as revealed in the Fig. 12, 

13 & 14 especially in summer months. 

Significantly higher tuber yield was observed in the first year with 

full dose of fertilizers compared to the reduced dose eventhough nu effect was 

observed in the second year. This shows that it takes some lime for stabilising 

the effect of treatments. In the second year, the reduced dose of fertilizer 

produced equivalent yield as that of full dose. The uptake of NPK by intercrop 

cassava also shows that there is not much variation between full dose and 

reduced dose. This indicates that a reduced dose is sufficient for cassava 

under the partial shade of coconut. 
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The main reasoll for the inferior tuber yield recorded under shaded 

condition compared to open might be due to the reduction in the availability 

of PAR as there was no shortage of moisture and nutrients under shaded 

condition. Only 75 per cent of PAR was received under shaded condition 

cOlllpared to open sole crop. Due to shortage of light. the nutrients and 

moisture available In the soil were not effectively absorbed and utilized by 

cassava grown in the shade. Kasala et al. (1984) observed reduced drymatter 

of tuberous roots under shaded condition. Ramanujam et al. (1984) suggested 

that the drymatter accumulation in the shoots of sun and shade grown cassava 

plants were similar while marked differences were observed for drymatter 

accumulated in tuber. 

4A.1.2.6 Shoot yield 

The different treatment combinations as well as cropping systems had 

no effect on shoot yield of cassava (on net area basis) in both years (Table 6). 

The reduced dose of fertilizer for intercrops had no effect on shoot 

yield during the first year whereas in the second year, the reduced dose 

recorded a lower yield. 

The interaction effect was also not significant in both years. 

Compared to open, the shoot yield of cassava In cropping system 

expressed tremendous increase in yield. 



Tahle (l. Erred of I,;foppillg systcllIs nlld fCltili:l.cr doo.,cs for illtcrl,;lOps 011 

Ihe shoot yield of l:assava (I ha· l ) (Net arca hasis) 

1992-93 1991-94 

("0l'pill~ s y ~I!'Il\N I'rrtili/t'r dust'S !'t'IIIII/I'r "I'SI'S 

FD RD Mean FD RD Mean 

C I - ('0 + en :\7.566 2lJ.060 33.313 2!UD8 26.813 27.826 

C2 - Co + Ca + YCP 28.233 21.233 24.733 32.443 20.024 26.234 

C3 - Co + Ca + EFY 36.665 33.097 34.881 H.085 22.900 28.493 

C4 - Co + Ca + Sa 33.739 39.097 36.418 31. Y61 19.678 25.820 

C5 - Co + Ca + VCP + 40.331 32.838 36.585 42.245 31.616 36.931 

I-:FY + Un 

Mean 35.307 31.065 33.914 24.206 

CO (0.05) SEM :t- CD (0.05) SEM :!" 

Treatments - 4.753 - 5.210 

Cropping systcms - 3.358 - ].lIY I 

Fertilizer doses - 2.123 6.926 2.333 

Intcractioll - 4.75] - 5.210 

Sole cassava (open) 

FI - FO 21.715 44.035 

F2 - RO 17.28] 27.986 

Co - COCOllut, Ca - cassava, YCP - vegetable cowpea, EFY - elephant foot yam, 

PO - full dose of N, P & K, RO - half dose of Nand P and full dose of K. 
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III the second year. yield in the open was higher thall that of shaded 

l:ulltlitiull whereas there was not much difference between open and ~hade at 

reduced level of fertilizers. 

4A.I.2.7 Drymatter production 

The effects of cropping systems and fertilizer doses for intercrops on 

drymatter production of cassava is presented in Table 7. 

The different treatment combinations had no marked effects on dry matter 

pruductiun in both years. 

Cropping systems had influence on dry maller production in the first year 

only. Cassava in coconut + cassava + vegetahle cowpea + elephant foot yarn + 

banana (C5) recorded the maximum dry matter productioll. 

Full dose of fertilizers to intercrops resulted in higher drymatter production 

in first year. 

There was not Illuch variation III the dry malleI' production of cassava 

between shaded and open condition in both years. 

The results show that In coconut based cropplflg system other 

intercrops with different doses of fertilizers did not affect the dry matter 

production of cassava. It reveals that cassava is an ideal crop component in 



Table 7. Effect of cropping systems and fC'rtilizer doses for inlercrops on 

thc dlY lIIattcl plodlll.·tioll (tuhel + shoot) of cassava (t ha· l ) 

(Net area basis) 

1992·1)3 1!)93-<}4 

Cropping systcms Fcrtili/cr doscs Fcrtili1.cr dosc!! 

H) RD Mean FD RD Mean 

C I - Co + Ca 19.16 15.68 11.12 15.45 13.24 14.35 

C2 - Co + Ca + VCP 15.39 II. 72 13.56 15.97 12.33 14.15 

C3 - Co + Ca + EFY 20.98 18.62 19.80 20.37 17.06 18.72 

C4 - Co + Ca + Sa 19.77 18.89 19.33 17.77 11.67 14.72 

C5 - Co + Ca + VCP + 23.02 17.73 20.38 22.23 19.21 20.72 

EFY + Sa 

Mean 19.78 16.53 18.36 14.70 

CO (0.05) SEM ± CO (0.05) SEM ± 

Treatments - 2.122 - 2.941 

Cropping systcms 4.438 J.4<}) - 2.07!) 

Fertilizer doses 2.807 0.945 - J. 315 

Interaction - 2.112 - 2 .!)4 I 

Sole cassava (open) 

F I - FO 20.70 28.78 

F2 - RD 15.80 14.73 

Co - coconut. Ca - cassava. VCP - vegetable cowpea. EFY - elephant foot yam. 

FD - full dose of N. P & K. RD· half Jose of N anJ P and fuJI dose of K. 
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COCOllut hased cropping system and there is no unfavourable competition from 

olhl'l l'OllllHIlIl'lI1 ClOpS lor IIl1tl il'lIts, lIIoistule IIlId lighl. 

The dry matter production of cassava under the partial shade of coconut 

IS comparable with that of open. The nutrients, moisture and light available 

111 the partial shade of coconut was sufficient to produ<.:e dry maller equal to 

that of the open, eventhough there were variations in tuber and shoot yield 

compared to open (Table 5 and 6). 

4.A .1.2.8 Harvest index 

The harvest index of cassava was not influenced by any of the treatment 

combinations or treatments in both years (Table 8). 

4.A.1.2.9 Percentage of starch 

Cropping system had no influence on the percentage of starch of cassava 

tuber in both years (Table 9), 

Fertilizer doses for intercrops had significant influence on percentage 

of starch of cassava tubers in first year, while in the second year there was no 

effect. 

In Bener"l. thfllte WR'" un .n\,lto,,,,,,, ill POh:",ttuga uf !Clurch in the second 

year compared to first year under shaded condition. 



Tahlc X. Effcct of cropping systcms and fcrtilizcr doscs of intcrcrops on 

the harvest index of l:assaVa (%) 

1 t)t)2·9.~ 1993-94 

(', oppi nl,( SYSt('IIIS Frrtilill'r do't'\ h'rtililN dos('" 

FD RD Mean FIJ RD Mean 

CI - Co + Ca 49.21 49.06 49.14 47.66 4S.RO 46.73 

C2 - Co + Ca + VCP 50.49 51.27 50.88 43.47 55.38 49.43 

C3 - Co + Ca + EFY 51.00 50.85 50.93 52.11 61.68 56.90 

('4 - Co + Ca + Ba 53.69 43.49 48.59 49.19 54.28 51.74 

<.'5 - Co + Ca + vep + 52.14 49.79 50.!)7 51.42 45.45 48.44 

EFY + Ba 

Mean 51. 31 4H.HI) 48.77 52.52 

CD (0.05) SEM ± CD (0.05) SEM ± 

Trcatmcnts - 4.672 - 4.133 

Cropping systems - 3.303 - 2.922 

Fertilizer doses - 2.089 - 1.848 

Interaction - 4.672 - 4.133 

Sole cassava (open) 

Fl· FD 63.88 48.32 

F2· RD 65.17 40.81 

Co - coconut, Ca . cassava, YCP - vegetable cowpea, EFY - elephant loot yam, 

FD· full dose of N, P & K, RD· half dose of Nand P and full dose of K. 



60 

In treatments with full dose of fertilizers for intercrops, the increased dose 

of Nand P lIIight have helped in better absorption and utilization of K resulting 

ill higher starch percentage of cassava tubers. 

Cassava might not have utilized the entire quantity of K applied during 

the first year. Thus the increased level of K in the soil in the second year might 

have resulted in the higher starch percentage. 

In the open, as a result of better exhaustion of soil K, there must be a 

reduction in K which might have resulted in reduced K content of soil in the 

second year, causing a subsidence in starch percentage. 

4.A.1.2.10 HeN content 

The HeN content of tuber was not influenced by cropping systems and 

fertilizer doses for intercrops Crable 9). 

There was not mm:h variation in the lieN content between shaded and 

open conditions. Full dose of K (100 kg ha- I ) was applied to cassava in all 

the treatments where cassava was included. Besides there was a reduction of 

25 per cent in the quantum of PAR received in the shaded area compared to 

open. These may be the reasons for the low HeN content of tuber under 

shaded and open conditions. Muthuswamy and Rao (1981) has also reported 

that application of K decreased the HeN content of cassava tubers. 



Tahle 9. Effect of cropping systems and fertilizer doses for intercrops on 

the starch (%) and lieN content (pg g-I) of cassava tuher at the 

time of harvest 

Cropping systems 

C 1 - Co + ea 

C2 - Co + Cu + YCP 

C3 - Co + Ca + EFY 

C4 - Co + Ca + Sa 

CS - Co + Ca + VCP + 
EFY + Sa 

CD (O.OS) 

SEM ± 

Fertilizer doses 

FI - FD 

P2 - RD 

CI) (0.05) 

SEM± 

Sole cassava (open) 

FI - FD 

F2 - RD 

Starch (r}() 

(Fresh weight hasis) 

1992-91 1991-94 

22.0 25.4 

22.7 25.6 

24.7 26.9 

22.R 25.3 

24.R 24.8 

1.145 1.290 

24.8 26.7 

22.0 24.5 

2.151 

0.724 0.816 

27.2 22.7 

23.7 21.2 

Co - coconut. ea - cassava. VCP - vegetable cowpea. 

lieN (pg g-I) 

1992·91 1991·94 

47.5 37.5 

24.3 59.0 

32.8 42.0 

34.R 47.8 

2R.7 75.5 

6.245 I 1.603 

32.4 56.1 

34.9 4H.7 

3.950 7.338 

43.0 82.0 

34.0 51.3 

EFY - elephanl fOOl yam. 

FD - full dose of N. P & K. RD - half dose of Nand P and full dose of K. 
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4;\.2 Bunnllu 

4A.2.1 Growth characters 

41\.2.1.1 Hcight 

The height of banana at different stages of growth was not influenced 

by cropping systems (Table 10). 

Fertilizer doses for intercrops had not much effect on the height of 

banana. 

Under shaded condition, the height was more compared to open 

situation. This was true in plants applied with full dose and reduced doses of 

fertilizers. 

Almost the same height was recorded in both the cropping systems 

involving banana, probably because banana was planted on the remote corners 

of the plot and hence the chances of competition from other component crops 

were less. 

The superior height recorded under shaded condition. compared to 

open, might be due to etiolation as result of reduced light received. 

4A.2.1.2 Lcaf area 

The leaf area was not influenced by croppmg system and fertilizer 

doses for intcrcrops (Table 10). 



Table 10. Effect of cropping systems and fertilizer doses for intercrops on 

the height of banana (em) and leaf area (m2 plant-I) at different 

stages of growth 

1992·1994 1992·1994 

Cropping systems Days after planttng Days after planllng 

gO 180 240 360 gO 180 a70 300 

Height (em) Le.' .re. (m' pl.nt ') 

C4 • Co + Ca + Ba 66.17 14483 146.83 19667 0.719 2433 2.026 2.078 

C5 • Co + Ca + VCP + EFY + Ba 63.17 148.17 153.67 212.67 0.611 2.345 2025 3.331 

cn (0 05) - - - - M - - -

SEM ± 3.682 10.238 9.446 14.135 0.068 0.292 0.286 0.753 

Fertilizer doses 

Fl· FD 67.67 16367 170.50 225.00 0.766 2.748 2.572 2.946 

F2· RD 61.67 12933 130.00 158.50 0.566 2.030 1.478 2.463 

CD (0.05) - - 32.687 - - - 1.401 -

SEM ± 3.682 10.238 9.446 14135 0068 0.292 0.286 0.753 

Sole banana (open) 

Fl· FD 66.67 101.67 114.67 166.33 0.333 1.444 2.060 1.382 

F2 - RD 55.33 100.33 109.67 148.33 0.300 1.239 0.967 1.168 

Co - coconut, Ca - cassava. VCP - vegetable cowpea. EFY - elephant foot yam, 

FD - full dose of N, P & K. RD - half dose of Nand P and full dose of K. 



62 

Under shaded condition. leaf area was more compared to open both 

under full dose and reduced dOlie of fertilizer. 

The higher leaf area observed under shaded condition might be due to 

lesser availability of light as given in Fig 16. The increased moisture 

uvuilubility also is possible on account of the reduced transpiration loss in a 

crop canopy comprising several component crops as dearly brought about in 

Fig.12, 13 & 14. 

4A.2.1.3 Number of days taken for bunch emergence 

Significant difference was observed in the number of days taken for 

bUllch emergence due to cropping systems as well as fertilizer doses for 

illll'lL"rops (Tahk II). Banalla in associalion wilh cassava. vl'Rl'llIhl(~ cowpell 

alld elephalll fool yalll produced hunches carlier compared 10 hanana whcn 

raised along with cassava alone under shaded situation. 

Number of days taken for bunch emergence was significantly less with 

full dose of fertilizers for banana compared to the reduced dose. 

More delay was observed In bunch emergence In the open In 

comparison to shaded area. 

In coconut + cassava + banana + elephant foot yam + vegetable cowpea 

cropping system (C5) the competition from cassava was less as only less 



Table II. Effect of cropping systems and fertilizer doses for intercrops on 

the number of days taken for bunch emergence, number of hands 

bun~h-i and number of fingcr!4 bunch- i in intercrop-banana 

--- -"_ .. -----------------"--_ ..... _._------_.---,- .. -
Il)<)2-IIJ94 I ()l)2-1l)()4 1992- I ()l)4 

( '1 oJlJlII1),t No. III dny~ IIIkt'lI No. of hl\lld~ No. nf 
syslcms lor bUllch hunch-I fingers 

emergence bunch,l 

C4 - Co + Ca + Ba 445 R.OOO 92.17 

C5 - Co + Ca + YCP + 396 7.000 7R.50 
EFY + Ba 

('I) (0.05) 47.715 

SEM± 13.789 0.366 4.384 

Fcrtillzcr dost's 

PI - FD 379 7.333 85.00 

F2 - R J) 461 7.667 R4.0() 

CD (0.05) 47.715 

SEM ± 13.7R9 0.366 4.384 

Sole banana (open) 

FI -FD 475 7.00 79.33 

F2 - RD 481 6.14 67.71 

Co - coconut, Ca - cassava, YCP - vegetable cowpea, EFY - elephant fool yarn, 

FD - full dose of N, P & K, RD - half dose of Nand P and full dose of K. 
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lIumher of' cassava plants were present. The compctition from vegetable 

cowpea alld elephant foot YUill was less us they were sholl stnt\llC,'d ItS well liS 

short duration crops compared to banana. 

When han an a was raised along with cassava (C4) there might have 

bcen competition from cassava in the first year due to mutual shading 

ultimately resulting in the tardy growth of banana and delayed bunch 

emergence. 

Full dose of fertilizers, especially Nand P might have helped in the 

faster growth of banana resulting in early bUIH.:h cmcrgcnl:C l:omparcd to the 

plants which reccivcd a rcduccd dosc undcr shadcd situation. 

Lack of moisture due to excessive evaporation during summer months 

might be the reason for the slow growth and delayed bUIH.:h emergence in crops 

of banana raised in the open. It is also probable that more nutrients are made 

available to banana in a cropping system rather than banana grown alone in 

thc opcn. Radiotrm:cr studics also rcvealed that the uptake was more in banana 

when raised in association with other crops compared to the sole crop 

Crable 36). 

4A.2.2 Yield attributing characters 

The yield attributing characters such as number of hands per bunch 

and number of fingers per bunch were not affected by different cropping 
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systems as well as fertilizer doses for intercrops (Table I J) and hence not 

discussed. 

41\.2.2.1 Hunch yield 

Thc bunch yield was not affectcd by any of the treatments Crable 12). 

It is nlso pnrticular to note thnt there is no difference hetween fertilizer 

treatments. 

In the open, the bunch yield was less. compared to partially shaded 

condition. 

Cassava had a height of more than 3 m at 300 days after planting 

(Tahle 2) while that of banana was around 2 III at 360 days after planting 

Crable 10). As there was no late branching in cassava under shaded condition, 

the competition froll1 cassava under shading was negligible. 

Vegetable cowpea and elephant foot yam are short duration crops with 

short stature compared to banana. Banana because of its lall canopy was in an 

advantageous position as far as light utilization in the cropping systems was 

concerned. 

Under shaded condition. the moisture availability was more as a result 

of reduction in evaporation loss of moisture by crop canopies of other 

component crops. The shade in the coconut garden has not reduced the yield 

of banana. 



Table 12. Effect of cropping systems and fertilizer doses for intercrops on the bunch yield (t ha- l ). dry matter production 
(t ha- l ) and harvest index (%) of intercrop - banana 

Cropping systems 

C4 - Co + Ca + Ba 

C5 - Co + Ca + VCP + 
EFY + Ba 

Mean 

Fertilizer doses 

Treatments 

Cropping systems 

Fertilizer doses 

Interaction 

Sole banana (Open) 

Fl - FD 

F2 - RD 

FD 

4.050 

4.340 

4.195 

(Bunch yield (t ha- I ) 

1992-1994 

RD 

4.847 

3.685 

4.266 

CD (0.05) 

Mean 

4.449 

4.013 

SEM ± 

0.287 

0.203 

0.203 

0.287 

3.465 

2.543 

Dry matter (t ha- I ) 

1992-1994 

Co + Ca + Ba 

Co + Ca + VCP + 
EFY + Ba 

CD (0.05) 

SEM ± 

FD 

HD 

CD (0.05) 

SEM ± 

FD 

RD 

2.225 

1.955 

0.188 

2.215 

1.965 

0.188 

1.748 

1.266 

Harvest index 

(~) 

1992-199~ 

33 94 

2AOI 

30.84 

36.12 

2AOI 

39.05 

32A3 

Co - coconut, Ca - cassava, VCP - vegetable cowpea, EFY - elephant foot yam, FD - full dose of~. P & K, 
RD - half dose of Nand P and full dose of K. 



65 

As fur as nutrition is concerned, bunana is in an advantageous position 

under cropping system than the sole crop of banana. Eventhough there is some 

competition for light this is more than compensated by nutrients as indicated in 

radiotracer studies (Table 36). The duration of banana is also less under cropping 

system compared to open because of favourable growth conditions available under 

shaded condition. Thus growing banana in cropping system is no way detrimental 

to banana. 

Because of the factors already mentioned, the plants which received half 

of the dose are probably benefited by the manures applied for component crops in 

the system, thus giving almost same yield as that of the full dose of fertilizer. 

This opens yet another advantage of the cropping system ie., for realising optimum 

production, fertilizer dose can even be reduced. 

The reasons given above are applicable to banana raised in the open also. 

4A.2.2.2 Dry matter production 

As in the case of bunch yield, there was no significant reduction in the 

dry matter production by cropping systems or fertilizer doses (Table 12). The 

same reasons as given to bunch yield is applicable in this case also. 

4A.2.2.3 Harvest index 

The value is same as far as the cropping systems and fertilizer doses 

are concerned (Table 12). However, there is difference in the performance in 
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the dlumeters in open und shaded situation. Half dose of fertilizers have given 

a highcr harvest index ullder cropping systcm situation. This is attributed to 

superior levels of yield under this treatment as already reported. 

4A.3 Elephant foot yam 

4A.3.1 Growth characters 

4A.3.1.1 Height 

The height of elephant foot yam under shade was nol influcm;ed by 

different cropping systems and fertilizer dozes for intercrops in both the years 

in all the stages (Tahle I J). 

The height was more in the shaded condition, compared to sole crop 

III the ope n. 

The increase in height observed for intercrop elephant fool yam lIlay 

he due to etiolation caused by reduced light under shaded condition. There 

was only 70 per cent PAR under shaded condition compared to open situation. 

4A.3.1.2 Leaf area 

A decreasing trend was observed in the leaf area of intercrop - elephant 

foot yalll in the cropping system involving coconut + cassava + vegetable 

cowpea + banana (C5) compared to coconut + cassava + elephant foot yam 

(Table 14). 



Table 13. Effect of cropping systems and fertilizer doses for intercrops on 

the height of intererop - elephant foot yam (em) 

--
191J2,II)IJ.l JlJln· JI)I)4 

Cropping systems Days after planting Days after planting 

75 150 225 75 150 225 

Height (em) Height (em) 

(:3 - Co + Ca + EFY 40.50 44.28 45.72 37.72 42.17 45.89 

C5 - Co + Ca + VCP + 43.33 43.Xl) 45.95 36.39 39.61 41.50 

EFY + Ba 

CD (lUIS) - - - - - .-

SEM ± 1.504 1.279 1.372 1.658 2.130 1.977 

Fertilizer doses 

I,' I - I,'IJ "2.ILI 4~.11 "., .(d .\7 .1),,\ 40.7K 44.(,7 

F2 - RD 41.00 43.06 44.06 36.17 41.00 42.72 

CD ((l.O5) - - - - - -

SEM ± 1.504 1.279 1.372 1.658 2.130 1.977 

Sole elephant foot yam (open) 

FI - FD 38.67 41.33 43.00 33.00 39.67 42.67 

F2 - RD 36.33 39.67 39.00 31.00 35.00 41.67 

Co - coconut, Ca - cassava, VCP - vegetable cowpea, EFY - elephant foot yam, 

FD - full dose of N, P & K, RD - half dose of Nand P and full dose of K. 



Tahle 14. Effect of cropping systems and fertilizer doses for intercrops on 

the leaf area of intercrop - elephant foot yam (111 2 plant-I) 

1992-1993 1993-1994 

Cropping systems Days after planting Days after planting 

60 120 180 60 120 180 

Leaf area plant-I (m2) Leaf area plant· I (m2) 

C3 - Co + Ca + EFY 0.856 0.908 0.821 0.912 0.573 0.407 

C5 - Co + Ca + VCP 0.708 0.650 0.825 0.834 0.691 0.528 

EFY + nil 

('J) «I.()~) 0.11 H 0,(1)2 0, 102 0,(1) I 

SEM + 0.034 0.026 0.069 0.031 0.029 0.026 

Fertilizer doses 

FI -FD 0.921 0.877 0.798 0.844 0.647 0.445 

F2 - RD 0.643 0.681 0.848 0.902 0.617 0.490 

('I) (0.05) 0.11 H 0.092 - - - -

SEM I' (),()H 11,1126 (),()69 (J,lIn 1I,(J29 0.0.17 

Sole elephant foot yam (open) 

FI - FD 0.942 0.788 0.732 0.635 1.30 I 0.925 

F2 - RD ' 0.853 0.772 0.703 0.535 0.504 0.686 

Co - coconut, Ca - cassava. VCP - vegelable cowpea, EFY - elephant foot yam, 

FD - full dose of N, P & K, RD - half dose of Nand P and full dose of K. 

~ 
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Fcrrilil',er dOSt'S had no clear influence on rhe leaf nrea of intercrop 

elephant foot yam. 

III the sole crop. leaf area was more with full dose of fertilizer compared 

to the reduced dose. 

The reduction in leaf area of elephant foot yam in the presence of 

cassava. vegetable cowpea and banana might be due to competition for nutrient 

as discussed earlier. 

The higher leaf area observed for sole l:rop ill the open might be due 

to heller utilization of the full dose of applied nutrients in the presence of full 

sunlight. 

4A.3.1.3 Canopy spread 

It is already seen from leaf area that this character was more under full 

dose of fertilizer in open and also in most of the observations under shaded 

condition (Table 15). 

4A.3.2 Yield attributes 

4A.3.2.1 Tuber yield 

Cropping systems and fertilizer doses for intercrops had no effect on 

the tuber yield of elephant foot yam in both years (Table 16). 



Tahle 15. Effect of cropping systems and fcrtilizcr doses for intcrcrops on 

the canopy spread of intercrop - elephant foot yam (cm) 

1992·1993 1993· 1994 

(",()ppill~ systl"IIIS Days altl'r rlnlltilllt Dnys nflrr pllllliing 

60 120 IHO 60 120 1110 

CI . Co + Ca + EFY 116.3 119.8 124.1 103.8 110.6 111.5 

C5 . Co + Ca + VCP 121.2 117.8 123.9 102.9 108.9 107.2 

EFY + Ba 

cn «(J.05) - - - - - -

SEM ± 6.082 3.800 3.949 4.104 1.739 1.960 

Fertilizer doses 

Fl· FO 122.0 121.3 127.5 102.7 113.1 113.3 

F2 - RO 115.4 116.3 120.6 103.9 106.4 105.3 

CD (11.(15) - - - - 6.019 6.7R4 

SEM ± 6.082 3.800 3.949 4.104 1.739 1.960 

Sole elephant foot yam (open) 

FI ·FO 100.0 113.0 108.0 94.0 109.3 110.7 

F2 - RO 89.3 103.3 104.0 94.0 100.0 108.7 

Co - coconut. ea - cassava. VCP - vegetable cowpea. FFY - elephant foot yam. 

FD - full dose of N. P & K. RO - half dose of Nand P and full dose 01 K. 



Tahle 16. Effect of cropping systcms an<.l fcrtilizer <.loses for intcrcrops on 

the total biomass production of intercrop - elephant fool yam 

(l ha· l ) 

1992-93 1993-94 

Cropping syslems F!"rlilil('r dos!"s FI"I til i In dOM'S 

FI) RI> Menn PI> RD Ml"lIn 

C3 - Co + Ca + EFY 6.693 5.006 5.849 4.245 3.567 3.911 

C5 - Co + Ca + VCP + 5.336 5.161 5.248 3.590 3.480 3.535 

EFY + Ba 

Mean 6.014 5.084 3.922 3.524 

CD (0.05) SEM ± CD (O.OS) SEM ± 

Treatments - 0.579 - 0.379 

Cropping systems - 0.409 - 0.268 

Fertilizer doses - 0.409 - 0.268 

Interaction - 0.579 - 0.379 

Sole elephant foot yam (open) 

Fl -FD 4.572 3.026 

F2 - RD 3.722 2.643 

Co - coconut, Ca - cassava, VCP - vegetable cowpea, EFY - elephant foot yam, 

FD - full dose of N, P & K, RD - half dose of Nand P and full dose of K. 
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The tuber yield was less in the sole crop in the open compared to shaded 

condition. 

There was no marked difference in the quantum of PAR incident on 

canopy of elephant foot yam in both the cropping systems (Fig. (7). Similarly 

not much variation was observed in soil moisture content between the two 

cropping systems (Fig. 12, 13 & 14). Thus the crop produced more or less 

equal yields under both fertilizer levels. 

In the open sole crop, eventhough the quantum of PAR received was 

more, the moisture content of the soil was less compared to shaded condition, 

especially in summer months. Higher rates of evaporation (Fig. I a and 1 b) 

along with moisture shortage might be the reason for lower yield in the open 

compared to shaded condition. 

Thus from the results it can be conduded that elephant foot yam is a 

crop best suited for the shaded condition in the cropping system situation. 

The shade toleralH;e of the crop is one of the most bencfidary factors. There 

is an added advantage by growing the crop in the system combination. This 

crop requires only 50 per cent of Nand P and it had given almost the same 

yield as full recommended dose. Thus elephant foot yam can be grown with 

advantage in both the cropping systems. 

4A.3.2.2 Dry matter production 

Cropping systems and fertilizer doses had no influence on dry maller 

production of intercrop elephant foot yam in both years (Table 17). The same 

trend was observed in sole crop in the open with the two doses of fntiIizers. 



Table 17. Effect of cropping systems and fertilizer doses for intercrops on 

dry matter production (t ha- 1) and harvest index (%) of intercrop 

- elephant foot yam 

Cropping systems 

C3 - Co + Ca + EFY 

C5 - Co + Ca + VCP + 
EPY + Ua 

CD ({>'OS) 

SEM± 

Fertilizer doses 

FI - FD 

F2 - RD 

CD (0.05) 

SEM± 

Drymatter production 
(tgrossha- 1) of 

coconut plantation 

1992-93 1993-94 

1.387 0.937 

1.281 0.903 

0.075 0.049 

1.426 0.951 

1.242 0.889 

0.07S (),()49 

Sole elephant foot yam (open) 

FI -FD 1.296 1.289 

F2 - RD 1.055 1.036 

Co - coconut, Ca - cassava, vCP - vegetable cowpea. 

Harvest index 
(%) 

1992-93 1993-94 

76.97 76.55 

75.22 71.72 

1.392 1.462 

77.32 75.62 

74.87 72.65 

1.392 1.462 

79.11 66.55 

81.89 72.29 

EFY - elephant foot yam, 

FO - full dose of N, P & K, RO - half dose of Nand P and full dose of K. 
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4A.3.2.3 Harvest index 

No marked difference was observed in harvest index due to cropping 

systems and fertilizer dose to intercrops under shaded situation (Table 17). 

In the open also harvest index was not affected much due to differences 

in fertilizer doses. 

Since the harvest index was not markedly different in intercrop and 

sole crop of elephant foot yam it, may be concluded that the partitioning and 

translocation of photosynthates in elephant foot yam was not influenced by 

shade of coconuts. The harvest index of about 75 per cent observed in elephant 

foot yam was very high considering other intercrops studied. 

Elephant foot yam is peculiar in its morphological behaviour that the 

canopy is having only a single layer of leaf and the canopy does not expand 

much once it is fully formed and hence there is no chance of mutual shading. 

The full formation of the canopy takes only about 30 days from planting. 

After this for the remaining period of about 7 months, the assimilates is used 

for the corm formation and development only. According to Loomis and 

Williams (1963) a single horizontal canopy can utilize only about 25 per cent 

of the total photosynthetically active radiation received and the rest go 

unutilized. Hence solar energy may be under utilized in places where this 

crop is grown in sole stand. 
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4/\.4 Ve~cluhle cow pen 

4A.4.1 Growth characters 

4/\.4.1.1 IIci~ht 

There was no effect on the height of intercrop - vegetable cowpea by 

cropping systems as well as by fertilizer doses for intercrops at different 

stages of growth (Table 18). 

An increase in height was observed in vegetable cowpea raised under 

shade, compared to open area. 

A reduction in PAR received by intercrop vegetable cowpea (Fig.18) 

compared to open area might be the reason for the etiolation and higher height 

observed under shaded condition. 

4A.4.1.2 Leaf area 

Cropping systems and fertilizer doses had influence on leaf area of 

vegetable cowpea under shaded situation (Table 19). 

There was a reduction in leaf area of vegetable cowpea in the cropping 

system involving elephant foot yam. 

Leaf area was higher with full dose of fertilizer in all stages of growth 

in the open as well as under shade. 



Table 18. Effect of cropping systems and fertilizer doses for intercrops 011 

the height of intercrop - vegetable cowpea (em) 

1992-93 1993-94 

Cropping sySIC'IllS nay~ aflC'r sowing nays after sowing 

25 "0 75 25 50 75 

C2 - Co + Ca + Vel' 45.H3 56.47 57.37 45.4() 55.17 57.72 

C5 - Co + Ca + vep + 42.00 .'U.H7 54.50 42.45 46.(U 61.17 

EFY + Ba 

CD (0.05) - - - - 3.352 -

SEM ± 2.798 0.925 1.552 1.439 0.969 2.467 

Fertilizer doses 

F I - FD 44.50 56.43 56.97 45.2H 50.20 61.33 

F2 - RO 43.33 53.90 54.90 42.57 51.00 57.56 

CD (0.05) - - - - - -

SEM ± 2.79H 0.925 1.552 1.439 0.969 2.467 

Sole vegetable cowpea (open) 

FI -FD 35.00 45.00 49.00 26.()O 40.00 42.00 

F2 - RD 26.00 37.00 44.00 19.67 32.00 34.30 

Co - coconut, Ca - cassava, VCP - vegetable cowpea, EFY - elephant foot yam 

[0 - full dose of N, P & K, RO - half dose of Nand P and full dose of K. 



Table 19. Effed of cropping systems and fertilizer doses for intercrops 011 

the leaf area of intercrop - vegetable cowpea (m 2 hill" I) 

IqQ29~ 19Q1·Q4 

(', "ppi II~ systellls Davs III1~r sowing Dnys nIter sowing 

25 50 75 25 50 75 

C2 - Co + Ca + VCP 0.266 0.470 0.295 0.215 0.400 0.046 

('5 . ('0 + ('n ... V(,I' + 1I.2M 0.4 .'4 1I.2M2 II. I I) ~ 11.2'6 0.1.'6 

EFY + Ua 

('I) (0.05) - 0.0]5 -
. 

- 0.036 0.019 

SEM ± 0.022 0.010 0.019 0.007 0.011 0.005 

Fertilizer doses 

FI - PD 0.276 0.455 0.358 0.223 0.329 0.116 

F2· RO 0.254 0.448 0.218 0.187 0.306 0.065 

CD (0.0) - - 0.066 0.025 - 0.019 

SEM..± 0.022 0.010 0.019 0.007 0.011 0.005 

Sole vegetable cowpea (open) 

FI - FO 0.225 0.254 0.132 0.227 0.158 0.033 

F2 - RD 0.102 0.211 0.038 0.129 0.147 0.026 

Co - coconut. Ca - cassava. YCP - vegetable cowpea. EFY - elephant foot yam 

FD - full dose of N. P & K. RD - half dose of Nand P and full dose of K. 
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The reduction in leaf area of vegetable cowpea in the presence of 

elephant foot yam might be due to higher canopy' spread of elephant foot yam 

(fable 15). 

Full dose of fertilizers helped in the better absorption of nutrients and 

moisture resulting in ilH.:reased vegetative growth. especially leaf area under 

cropping system as well as opcn. 

4A.4.2 Yield attributes 

4A.4.2.1 Fresh pod yield 

Cropping systems and fertilizer doses for intercrops had no effect on 

fresh pod yield of vegetable cowpea in both years (rable 20). 

Fresh pod yield was less In the open compared to that in cropping 

syslCIIl. 

Growing vegetable cowpea in the cropplIlg system with coconut + 

cassava + elephant foot yam + banana did nol decrease the yield inspile of 

Jllorc crops grown due to the following rcasons. 

Light infiltration on the crop canopy of vegetable cowpea is more in 

the latter cropping system (C5). This is probably because in the former system 

(C2) cowpea is grown in between two rows of cassava which continues to 



Tahle 20. Effect of cropping systems and fertilizer doses for intercrops on 

the fresh pod yield of intercrop - vegetable cowpea (t gross ha- 1 

of coconut plantation) 

Cropping systems 

C2 - Co + Ca + VCP 

C5 - Co + Ca + VCP + 

EfY + Ba 

Mean 

fn 

0.854 

1.743 

1.299 

11)1)2-In 

Fertili7.er doses 

RO Mrnn 

1.391 1.123 

1.272 1.508 

I.H2 

CD (0.05) SEM ± 

Treatments 0.309 

Cropping systems 0.219 

Fertilizer doses 0.219 

Interaction 0.309 

Sole vegetable cowpea (open) 

FI - fD 0.7.16 

F2 - RD 0.431 

11)9.1- 1)4 

Fertili7.cr doses 

FO RD Mrnn 

0.953 1.462 1.208 

1.353 1.114 1.234 

1.153 I. 2RR 

CD (0.05) SEM ± 

O.2R6 

0.203 

0.203 

0.286 

0.434 

0.424 

Co - coconut, Ca - cassava, VCP - vcgetable cowpea, EFY - elephant foot yam 

FD - full dose of N, P & K, RD - half dose of Nand P and full dose of K. 
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shade cowpea canopy till the harvest of cowpea whereas in the other system. 

one row of cassava is replaced by elephant foot yam and there is not much 

competition for light on one side. 

With reference to moisture it can be said that there is not much 

cli 111'1 t'lIl'(' in II"" IIwisllHC ,,:olllent hetween the twu croppin~ systems liS 

revealed in Fig. 12. Hence it is presumed that moisture is not a constraint for 

cowpea productiol\ ill croppill~ system. 

It is also possible that the soil is more enriched by growing vegetable 

cowpea in the C5 system of intercropping than C2 as evidenced by the soil 

analysis data in Table 29. There is also not much difference between the uptake 

of cowpea grown in both situation (Fig. 10) thereby suggesting that there is 

absolutely no competition for nutrients on account of more crops grown in 

C5. It is also probable that vegetable cowpea might have received some 

nutrients from the neighboring cassava mounds (Plate 24) and also from the 

pits where elephant foot Y.\l11 was uliscd. 

Fertilizer doses IIlso have 1101 shown any varintion in the pod yidd. 

In fact a trend is shown to give more production at the reduced levels of N 

and P. This is probably attributed to the main effect of nitrogen where in 

addition of nitrogen more than 50 per cent dose is not required in a cropping 

system involving banana and elephant foot yam probably because of the 

l"l'IIS0llS "Ircady <.:itcd. II lI\ay he further noled Ihal Iherc is a tremcndous 

difference between the pod yield of vegetable cowpea grown in the open and 



Plate 24. Root spread of vegetable cowpea 
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in cropping systems where in, the latter has recorded an appreciable increas~ 

in pod yield. This is inspite of the fact that cowpea is a sun loving crop. This 

is probable because primarily in the cropping system vegetable cowpea was 

not shaded to a detrimental level. Secondly the nutritional factor would have 

defillitely played a domillilllt role. 

4A.4.2.2 Haulm yield and dry matter production 

lIaull11 yield and dry maller production arc presented in Table 21 and 

22 respectively. Since the trend for these observations are same as that of pod 

yield a separate discussion is not given. 

4A .4.2.,\ lIurn'st lIult'x 

Harvest index is significant in first year where in higher values were 
. 

recorded in the C5 combination where as such a result was not obtained in 

sCl:ond year Crable 22). A pcrusal of the rainfall data (Fig. I a & I b) show 

that during the period of the cowpea there was more rainfaIl in the first year 

than the second year. The pod yield data presented in Table 20, during the 

first ycar l:l'opping systcm (C5) has rCl:ordcd a highcr pod yield where as in 

the second year the increase is very very marginal. The haulm yield data did 

not show much variation in both the years. The difference in the rainfall 

would have contributed to the variation in harvest index. 

There is no difference in harvest index between the two fertilizer levels. 



Tahle 21. Effect of cropping systems and fertilizer dose for intercrops on 

the haulm yield of intercrop - vegetahle cowpea (t gross ha- I of 

coconut plantation) 

1992·91 1993-94 

Cropping systems Fcrtili/er doses I:crt it i I.cr doses 

FO RD Mean PD RD Mean 

('2 - ('0 + (·u + V(,I' I.IH, I. () 12 I.Jh" 1.11411 1.61( 1 1.1(,2 

C5 - Co + Ca + VCP + 1.280 1.221 1.250 1.357 1.200 1.279 

EFY + Ba 

Ml'<ln 1.201 1.416 I. 199 1.442 

CD (0.05) SEM..± CD «1.05) SEM..± 

Trc a Illlc n I s - 0.296 - 0.211 

Cropping systems - 0.209 - 0.149 

Ferlili7.er doses - 0.209 - 0.149 

Interaction - 0.296 - 0.211 

Sole vegetable cowpea (open) 

F 1 - FlJ 0.572 0.228 

F2 - RD 0.187 0.178 

Co - coconut, Ca - cassava, VCp· vegetable cowpea, EFY - elephant foot yam 

FLJ - full dose of N, P & K, RD - half dose of Nand P and full dose of K. 



Table 22. Effect of cropping systems and fertilizer doses for intercrops on 

dry matter production and harvest index of intercrop - vegetable 

cowpea (CIIl) 

('rol'pill~ systems 

C2 - Co + Ca + VCP 

C5 - Co + Ca + VCP + 
EFY + Ba 

CD (0.05) 

SEM± 

Fertilizer duses 

FI - FD 

1"2 - RO 

CD (O.OS) 

SEM ± 

Dry mailer (t ha- I ) 

IlJ'J2·'J.\ IIJ'J.\·'J4 

0.522 0.528 

0.521 0.505 

0.083 0.063 

0.488 0.473 

0.555 0.560 

o.mn 0.063 

Sole vegetable cowpea (open) 

PI - FO 0.568 0.298 

F2 - RD 0_288 0.284 

Co . coconut, ea· cassava, VCP - vegetable cowpea, 

Harvest index (%) 

19.82 21.56 

27.46 22.34 

3.680 

1.063 1.340 

24.43 22.51 

22.85 21.38 

1.340 

30.22 39.13 

43.65 44.54 

EFY - elephant fool yam 

FD - full dose of N, P & K, RD· half dose of Nand P and full dose of K. 
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4A.5 Yield of intercrops 

The intercrop yields obtained during 1992·93 und 1993·94 are gi\'~n 

in Table 23. Tuber yield of cassava from different treatments varied due to 

dillcrcm:cs ill their population. Cropping systems and fertilizer doses for 

inten.:rops had not much influence on the yield of other intercrops such os 

banana. elephant foot yam and vegetable cowpea. Only one crop was harvested 

from banana during 1993-94 as there was a delay in bunch emergence under 

shaded situation. 

4A.S.1. Total dry matter production of economic produce by inlercrops 

The total dry matter production of economic produce of intercrops 

during 1992-93 and 1993-94 cropping seasons arc given in Tahlc 24. 

In coconut based cropping system the total dry matter production of 

economic produce was not influcnccd by cropping system. Evcnthough thcre 

was significantly higher total dry mattcr production of economic produce due 

to full dose of fertilizcr, compared to the reduccd dose in the first year, no 

such difference was observed in the second year. 

In coconut based cropping systems, involving different intercrops such 

as cassava, elephant foot yam and vegetahle cowpea, the inputs such as space, 

nutrients, moisturc and light arc utilised efficiently compared to monocrop 

situation The componC'nt crops arc havinlZ different crop canopies, root system 

and duration which enable them to utilise the inputs efficiently and produce 



Table 23. Yield of intercrops (t gross ha- 1 of coconut plantation) 

1992-93 1993-94 

! freJlmcnlS Cassava Banana EFY Veg. COWPI'!:l Cassava Ballana EFY Vcg. cowpe:l 
i (tuber) (bunch) (corm) (fresh pods) (luber) (bulIch) (corm) (fresh pods) I, 
I 

CIFI 18.74 14.82 

CIF2 15.29 11.62 

C2FI 15.16 0.85 13.84 0.953 

C2F2 11.72 1.39 13.52 1.462 

I C3FI 12.60 6.69 12.60 4.25 
I 

I C3F2 11.05 5.01 12.56 3.57 
: 
1 C-lFI 19.24 16.35 2J~4 

I C4F2 14.83 11.42 3.39 t 
C5FI 11.90 5.34 1.14 12.56 3.03 3.59 1. 353 

C5F2 8.65 5.16 1.27 7.32 2..58 3.48 1.114 

Sole crop Fl 38.41 19.66 6.49 41.17 8.66 16.44 3.83 

(Open) F2 32.34 16.56 3.80 19.30 6.36 14.37 3.74 

C I . coconut + cassava. C2 - coconut + cassava + vegetable cowpea. C] . coconul+ cassava + elephant foot yam. C4 - coconut + cassava + 
banana. C5 - coconut + cassava + banana + elephant foot yam + vegetable cowpea. FI . full dose of N. P and K. F2 - half JOS(! ot" Nand P 
and full dose of K. 



Table 24. Effect of cropping systems and fertilizer doses for intercrops 

on total dry matter production of economic produce of 

intercrops (t gross ha- I of coconut plantation) 

II) () 2· <):\ 

('r(lppln~ sySIt'IIIS I'l"lillicr dosc~ 

FD RD Mean FD RD Mean 

(' I - Co + ea 6.37 5.20 5.79 5.04 3.95 4.50 

C2 - Co + Cn + VCP 5.24 4.12 4.68 4.80 4.7:' 4.77 

C3 - Co + Ca + EFY 5.52 4.68 5.10 5.07 4.89 4.98 

C4 - Co + Ca + Ba 6.54 5.04 5.79 6.18 4.64 5.41 

C4 - Co + Cn + VCP + 5.19 4.01 4.60 5.72 3.81 4.77 

EFY + Ba 

Mean :; .77 4. (11 :;.3(1 4.4() 

CD (0.05) SEM :t CD (0.05) SEM ± 

Treatments 0.651 n.7St) 

Cropping systems 0.461 0.537 

Fertilizer doses 0.866 0.291 0.340 

Interaction 0.651 0.759 

Co - coconut, Ca - cassava. VCP - vegetable cowpea. EFY - elephant foot yarn. Ba - banana 



75 

more dry matter per unit area per unit time. In this system. the PAR infiItered 

through the crop canopies of taller crops are utilised by crop canopies at a 

lower slrata. Similarly nutrients and moisture not ahsorhed by the shallow 

routs of some crops are utilised by the crops having deeper root system. Fallen 

leaves of short duration crops de<.:ay and form a Illukh in the early stages and 

a manure at later to the neighbouring long duration crops. Evaporation loss is 

also redu<.:cd from sU<.:h a system and soil moisture status is better compared 

to open <':oll<.lition. Reou<.:tion in weed infestation is also observed in sudl 

system. All these factors contribute to higher productivity from unit area 

resulting in higher dry matter production of intcrcrops. Thus it may he 

concluded that in coconut garden. we can rise crops such as cassava. banana. 

elephant foot yam and vegetable cowpea in different combinations without 

much variation in total dry matter production of economic produce of 

inlcr<.:rops. 

Appli<.:alion of dillcrcnt doscs of fertilizcrs had no cffect on total dry 

matter production of economic produce of intercrop in the second year. In 

the second year, the dry matter production of all the intercrops including banana 

are taken into consideration and hencc this period gives a clear picture of the 

illlpaL:t of fertilizer doses on dry matter produL:tion. Under cropping systcm 

situation there is sharing of nutrients by component crops. There is no 

difference in fresh pod yield of vegetable cowpea, bunch yield of banana, 

tuber yield of elephant foot yam and cassava in the second year. Similarly 

there is not much variation in the total uptake of NPK by inten;rops (Fig II). 

Thus the results reveal that only a reduced dose of fertilizer is required for 

intercrops in coconut based cropping system. 
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,'1\.5.2 l{ctctCln~ p"th'rn (If Inh'rt'rupN 

The mean spread. depth. fresh weight and number of roots of intercrops 

at different stages of growth in the cropping system and upen are given in 

Table 25 and Fig. 6. 

The data show that there is not much variation between the depth of 

roots of crops in the cropping system and open. However, there is an increase 

ill IIll' ~prctHI. fresh wl~ight nlHI "umher of !'Outs of crop in the npen compared 

to those in the cropping system. In general. it is observed that the crops in 

the open have a better root system compared to those in the shade especially 

in the case of cassava and banana. 

Lesser tuber yield recorded by cassava in the shade (Table 5) might 

be the result of an inferior root system under such system compared to that in 

the open. The reduced light intensity received under shaded condition might 

be influencing the growth of crops grown under such situation adversely, 

including the root system. In a similar study conducted with colocasia plants, 

Suja t>f £II. (1995) observed more roots in plants grown in the open than those 

growII ill shade as illten;lOp with COCOIlUt. 

In the case of elephant foot yam, grown under shade, there was no 

restriction in the root growth at later stages of growth compared to open 

situation. This might be due to the higher availability of moisture in shaded 

condition (Fig. 12) compared to open resulting in higher corm yield under 

shaded condition. 



Table 25. Rooting pattern of intercrops 

Shadc Opcn Shade Opcn Shadc Opcn 

Cassava 
100 (M P 20() 1M P 300 DAP 

Spread (elll) 41 45 45 45 35 44 

Ikplll (CIII) lZ 1 I, \ 2 27 .\ " 211 

Fresh wcight (g) 8 14 13 23 S 9 

Numbcr IS 24 23 IS 10 9 

Shade Open Shade Opcn Shadc Opcn 
Banana 

90DAP ISO DAP 3(lO DAP 

Spa'ad (elll) 67 113 " I 51 161 I 0 I 

Depth (CIII) 30 30 18 17 32 27 

Fresh wcight (g) 285 352 58 113 311 530 

NUlllber 195 277 73 86 178 291 

Shade Open Shade Opcn Shade Open 
Ekrhal fool yam 

(,0 DAf' 120 DAf' I SO DAf' 

Sl'rcati (cm) 53 63 53 5f! 47 53 

Depth (elll) 20 21 22 25 21 23 

Fresh weight (g) 190 197 119 243 253 179 

NUlIlber 240 206 335 282 156 93 
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The rooting pattern of crops grown under the partial shade of coconut 

(Fig. 6) shows that there is no competition for nutrients and moisture among 

the component crops. Scientifit: selection and arrangement of intercrops can 

result in successful models of intercropping systems. 

4A.6 Yield of coconut 

Thr yirl" cd CIIl'"",,I iii IICII Inrillde'" "Ii 1111' dlll/ilillll "I Ille IIIVr~lll:!lIllclIl 

is for two years only. Normally. it takes at least three years to reflel:t any 

impact of intercrops on the yield of coconut. 

4A.7 Uptake of NPK by intercrops 

4A.7.1 Cassava 

The NPK content of cassava leaves. stem, tuber and roots were 

estimated at the time of harvest and were found to he not significantly different 

in various cropping systems. The uptake of NPK by intert:rop cassava for 

j()ty2-tyJ and I tytyJ-ty4 arc presented in Fig. 7. 

The uptake of NPK by cassava was higher in cropplllg system 

involving coconut + cassava (C I). coconut + cassava + vegetable cowpea 

(C2) and l:Ol:onut + l:assava + banana (C4) whereas the uptake was low in 

coconut + cassava + elephant foot yam (C3) and coconut + cassava + vegetable 

cowpea + elephant foot yarn + banana (C5) in both the years. 
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Full dose of fertilizers resulted in higher uptake of NPK by cassava in 

both the years. 

The NPK uptake by sole crop cassava was more compared to the 

inten.:rop. 

The higher plant population of intercrop cassava (62-68 per cent of 

sole crop) in cropping system coconut + cassava (C I) coconut + cassava + 

vegetable cowpea (C2) and coconut + cassava + banana (C4) was the reason for 

the increased uptake of NPK in those cropping systems. In coconut + cassava + 

elephant foot yam (C3) and coconut + cassava + vegetable cowpea + elephant 

foot yam + banana (C5) cropping system. the plant population ranged from 34 

to 40 per cent of sole crop resulting in reduced uptake of NPK compared to 

the sole crop. 

Nutrient removal by cassava was 92.78, 29.30 and 142.38 kg NPK ha- 1 

during the first year with a tuber yield of 22.38 t ha-' as intercrop having a 

popullltioll of X/toO plallis lIa '. III Illl' sCl:olld YClIr, Ihc values WCIC X2.(H, 27.26 

and 129.19 kg NPK ha- I with tuber yield of 19.77 t ha- 1• Irizarry and Rivera 

(1983) reported nutrient removal to the extent of 204, 12 and 222 kg ha- 1 

respectively for a cassava crop of 10 months duration in an intercropping 

system. The comparatively higher nutrient removal might be due to the 

higher tuber yield they had obtained (37.5 t ha- J) compared to the present 

study. In the shade there is not much variation in the uptake of NPK by cassava 

compared to open suggesting that cassava is suited to shaded condition also. 
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In the open. 8400 plants removed 96.28, 34.70 and 188.03 kg NPK 

with a tuber yield of 25.73 t in the first year while in the second year the 

same number of plants removed 166.86, 51.73 and 250.49 kg NPK with a 

tuhcr yicld of 27.5H l. The values were less with reduced dose of fertilizer. 

4A.7.2 Bununa 

The nutrient status of the different plant parts were almost similar In 

intercrop and sole crop banana. 

The mean nutrient uptake by intercrop banana with a plant population 

or 700 hu- I was 5.85, 0.298 and 19.R I kg NPK ha- I during the first year and 

15.39, 1.25 and 60.55 kg NPK ha- 1 during the second year. In the open, the 

sallie population of hUlI:llla removed 7.04H, 0.365 lind 25.95 kg NPK hn- I 

during the first year and 12.72. 0.66 and 29.15 kg NPK ha- I during the second 

year with full dose of fertilizers and the values were less with reduced dose of 

fertilizer (Fig 8). Thus it shows that in the system along with other crops 

there is no reduction in yield and uptake of banana. 

4A.7.3 Elephant foot yam 

Under shaded condition, different doses of fertilizers had no effect on 

the uptake of NPK by elephant foot yam. 

The elephant foot yam crop on an average removed 28.41, 30.08 and 

31.1 <) kg NPK ha- I as intercrop with a popUlation of 3500 plants ha· 1 in the 
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first year whereas in the second year the uptake was 19.61. 2.08 and 22.11 kg 

NPK ha- I . (Fig. 9). The uptake was not influenced by higher levels of 

fertili7.ers under shaded condition which shows that in the cropping system a 

reduced dose of fertilizer is sulTil:ient for elephant foot YUill. 

4A.7.4 Vcgctable cowpea 

The mean uptake of nutrients by intercrop vegetable cowpea was 8.04, 

0.96 and 9.57 kg NPK ha- I during the first year and 7.73, 0.91 and 9.38 kg 

NPK h,,-1 during the second year (Fig. 10). 

The nutrient uptake by intercrop vegetable cowpea was similar with 

different doses of fertilizers in both the years. 

In vegetable cowpea. the NPK uptake as well as fresh pod yield were 

not reduced even in the second year. It suggests that there was no severe 

competition from other component crops and vegetable cowpea can be 

successfully raised as an intercrop in coconut based cropping system. 

As there is no difference in the nutrient uptake by intercrop vegetable 

cowpea with different doses of fertilizers, it implies that the crop requires 

only a reduced dose of fertilizer under shaded condition. 

4A.7.5 Intcrcrops 

The total nutrient removal by intercrops was higher in cropping system 

involving coconut + cassava + banana (C4). coconut + cassava + vegetable 
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cowpea + elephant foot yam + hanana (C5) and coconut + cassava (C I) during 

the first year (Fig. II). Cassava and banana were mainly responsible for the 

highl'l "1'1111\(' IIltlllltll'llls, III I Ill' ..,('('ot", Yl'llI, IlIl' l'IlIl'l'illV- syslem COl'Olltll 

+ CU~~IlVU ... hUllnllll (C4) nnd coconut + cnssnvu ... vegetnhle c(lwpen + elephanl 

fool yam + hanana (C5) recorded higher uptake. Higher uptake of K observed 

in the second year might be due to the increased absorption of K by banana 

in the second year, when the banana bunches were produced. 

The full dose of fertilizers for intercrops resulted in the increased 

uptake of nutrients by intercrops compared to the reduced dose in both the 

years, However no difference in fresh pod yield of vegetable cowpea, bunch 

yield banana, tuber yield of elephant foot yam and tuber yield of cassava was 

observed in the second year. Thus it clearly shows that excess nutrients 

removed by crops are utilized for the itH;reascd vegetative development of 

crops and the production of economic parts are not affected much. 

4A.8.1 Post experiment soil nutrient status 

The initial and post experiment data on soil organic carbon, total N, 

available P and K in the rhizosphere of cassava, banana, elephant foot yam, 

vegetable cowpea and coconut are presented in Tables 26, 27, 28, 29 and 

30a & 30b respectively, 

The results showed that the post experiment organic carbon, total N 

And Rvnilllhl~ P nn" K status or the soil were nOI significantly different after 

two YIHHN Th~ I.liffcrr.nt CfOppinU "y~lellls and fertilizer doses for inlercrops 

had no effect on the post experiment <;oil nutrient status. 



Tahle 26. Effed of l:l"llpping systems and fertilizer doses for intercrops on 

Ihe post experiml'nl "oil orgnnic t:nrhon. N.r ond K in the 

rhi/.osphcrc of cassava 

Soil organic Soil N Soil P Soil K 
Cropping systems carhon (%) (kgha· l ) (kgha· l ) (kgha· l ) 

I ()<)1·<)4 199:\.94 1991·94 1991·94 

Initial value 0.S20 163.07 S4.32 S1.52 

C I . Co + Ca 0.811 159.00 33.53 102.67 

C2 . Co + Ca + vep 0.664 156.15 41.16 101.92 

C3 . Co + Ca + EFY 0.710 170.35 27.09 103.04 

C4 - Co + Ca + Ba 0.698 144.80 31.73 82.88 

C5 - Co + Ca + VCP + 0.748 147.65 28.56 94.45 

EFY + Ba 

('\) (O.OS) 

SEM ± 0.048 11.676 4.033 16.458 

Fertilizer doses 

FI -FO 0.765 160.15 32.52 103.04 

F2· RD 0.688 151.05 32.71 90.95 

CD (O.OS) 

SEM± 0.030 7.385 2.S50 10.409 

Co - coconut. ea - cassava. vel' - vegetable cowpea. EFY - elephant loot yam 

FD - full dose of N. P & K. RD - half dose of Nand P and full dose of K. 



Table 27. Effcl:t of l:ropping systems and fertilizer doses for intcrl:rops on 

the post experiment soil organic carbon, N. P and K in the 

rhizosphere of banana 

Soil olgulIll: Soil N 

('ropping syslcms carhon «(~» (kg ha- I ) 

1993-94 t 993-94 

Inililll vllille (1.~20 16~.()7 

C4 - Co + Ca + Ba 0.679 153.32 

C5 - Co + Ca + VCP + 0.625 144.80 

EFY + Ba 

CD (0.05) 

SEM ± 0.046 7.332 

Fertilizer doses 

F1 -FD 0.645 144.8 

F2 - RD 0.660 153.32 

CD (0.05) 

SEM + 0.046 7.332 

Soil P 
(k~ ho· l ) 

1993-94 

~4.:n 

27.03 

23.33 

2.881 

27.62 

22.74 

2.881 

Soil K 

(k~ hn· l ) 

1993-94 

~ 1.~2 

82.88 

86.61 

13.045 

73.55 

95.95 

13.045 

Co - coconut, Ca - cassava, yep - vegetable cowpea. EFY - elephant foot yam 

FD - full dose of N, P & K, RD - half dose of Nand P and full dose of K. 



Tahlc 28. Effcct of cropping systcms and fertilizer doses for intercrops on 

the post experiment soil organic carbon (%) N, P and K (kg ha- 1) 

<.:ontent of thc rhizosphcrc of clcphant foot yam 

Soil organic Soil N 
('Hlppillg systellls ca,holl ('Y", (kg hll I) 

199.'\-94 1993-94 

Initial value 0.520 163.07 

C3 - Co + Ca + EFY 0.99 207.26 

C5 - Co + Ca + VCP + 1.01 224.3 

EFY + Ba 

CD (0.05) 

SEM ± 0.069 12.321 

Fertilizer doses 

FI - FD 0.925 221.46 

F2 - RD 1.075 210.10 

CD (0.05) 

SEM ± 0.069 12.321 

Soil P 
(kg hn-I) 

1993-94 

54.32 

65.52 

59.17 

6.169 

60.57 

64.12 

6.169 

Soil K 
(kg hu- I ) 

1993-94 

51.52 

106.77 

116.85 

7.953 

114.24 

109.39 

7.953 

Co - COCOllut, Ca - cassava, vCP - vegetable cowpea, EFY - elephant foot yam 

FD - full dose of N, P & K, RD - half dose of Nand P and full dose of K. 



Table 29. Effect of cropping systems and fertilizer doses for intcrcrops on 

the post experiment soil organic carbon N, P and K content of the 

rhizosphere of vegetable l:owpea 

Cropping systems 

Initial value 

('2 - Co + Ca + VCP 

C5 - Co + Ca + VCP + 
EFY + Ba 

CD (0.05) 

SEM + 

Fertilizer doses 

1-'1 -FO 

F2 - RD 

CD (0.05) 

SEM ± 

Soil organic 

caroon (%) 

1993-94 

0.520 

0.617 

0.657 

0.026 

0.578 

0.696 

0.089 

0.026 

Soil N 
(kg ha- I ) 

1993-94 

163.07 

147.65 

136.30 

6.454 

133.45 

150.50 

6.454 

Soil P 
(kgha- I ) 

1993-94 

54.32 

40.41 

25.29 

12.388 

3.580 

32.48 

33.23 

3.580 

Soil K 
(kg ha- I ) 

1993-94 

51.52 

75.79 

54.88 

9.141 

62.35 

68.32 

9.141 

Co - coconut, Ca - cassava, VCP - vegetable cowpea. EFY- elephant foot yam 

FD - full dose of N. P & K. RD - half close of Nand P and full dose of K. 



Table 30a. Effect of cropping systems and fertilizer doses for intercrops 

on the post experiment soil organic carbon (%) and N content 

(kg ha- 1) of the rhizophere of coconut 

Soil organic carbon (%) Soil nitrogen (kg ha- I ) 

199)·94 199)·94 
Cropping systems Fertilizer doscs t:crtili7.cr doses 

H> RI> Mean FI> RI) Mean 

Initial value - - 0.520 - - 163.07 

C I - Co + Ca 0_957 1.047 1.002 243.37 261. 18 252.28 

C2 - Co + Ca + VCP 1.098 0.887 0.993 270.05 219.63 244.84 

C3 - Co + Ca + EFY 0.766 0.827 0.797 261.18 243.37 252.28 

C4 - Co + Ca + Ba 0.887 0.868 0.878 267.12 237.44 252.28 

('_'i - ('0 + Ca + yep + 0.1167 0.968 0.918 249.31 243.37 246.34 
EFY + Bn 

Mean 0.915 0.919 - 258.21 241.00 -

CD (0.05) SEM 1: CD (0.05) SEM t 

Treatments - 0.097 - 19.802 

Cropping systems - 0.069 - 14.002 

Fertilizer doses - 0.043 - 8.856 

Cropping system x - 0.097 - 19.802 
Fertilizer 

Treatment vs Control - 0.102 - 20.750 

Co - coconut, ea - cassava, YCI' - vcgctable cowpea, EFY - elephant foot yam 

FD - full dose of N, P & K, RD - half "n~e of Nand P and full dose of K. 



Tahle 30b, Effect of cropping systems al1d fcrtilizcr doses for illtcrcl'ops on 

the post experiment soil P and K content (kg ha- 1) of the 

rhizophere of coconut 

Soil phosphorus (kg ha- I ) Soil potassium (kg ha- I ) 

1<)93-94 1993-94 
Cropping systems Fertilizer doses Fertilizer doses 

1'1> IU) MC'nn PI> RI> MC'nn 

Initial value - - 54.31 - 51.52 

('I Co + ('n H4. I') H 1.25 H1.72 I K9.65 13K.HK IM.27 

C2 - Co + Ca + VCP 70.75 81.76 76.26 170.24 207.57 188.91 

C3 - Co + Ca + EFY 70.37 62.72 66.55 166.51 157.55 162.03 

C4 - Co + Ca + Ba 71.12 77.65 74.39 142.61 156.80 149.71 

C5 - Co + Ca + VCP + 73.20 59.3H 66.29 215.79 167.25 191.52 
EFY + Ba 

Mean 73.935 72.95 - 176.96 165.61 -

CD (0.05) SEM ± CD (0.05) SEM ± 

Treatments - 10 . .3M 3 - 21. 749 

Cropping systems - 7.342 - 15.379 

Fertilizer doses - 4.644 - 9.726 

Cropping system x - 10.383 - 21. 749 
Fertilizer 

Treatment vs Conlrol - 10.895 - 22.821 

Co - coconut, Ca - cassava, VCP - vegetable cowpea, EFY - elephant foot yam 

FD - full dose of N, P & K, RD - half dose of N allll P and full dose of K. 
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From the results it is dear that inspite of intensive cropping practices. 

the nutrient status of the soil was not affected. This is evident frol11 the lack 

III "l1)!.l\it 11.'1\1\1 dith'Il"lIl't'S 1I111t111~ l.'IoJll'llI~ sylll~II"1 viI .. \:OL'ClIIUt ... I:IIII""VII. 

COCOllut + cassava + vegetahle cowpea and other cropping systems involving 

coconut and cassava. This could be due to the fact that the component l:f0PS 

in the cropping systcm were adequately and scparately manured. In addition 

to fertilizers, farm yard manure was applied to intercrops and there might be 

recycling of nutrients by the leaf fall of cassava, banana and vegetable cowpea. 

The initial and post experiment soil analysis of the rhizosphere of 

coconut (Tables 30a & 30b) show that there is an improvement in the soil 

nutrient status after two years of experiment. An increase in soil organic 

carbon. N. P and K were observed. 

There was no difference in the post experiment soil nutrient status 

between the control plot and the treatment combinations and also among the 

treatment combinations. The cropping systems and fertilizer doses for 

intercrops had no influence on the soil nutrient status of coconut rhizosphere. 

It clearly shows that intercropping in coconut with one or more crops is not 

adversely affecting the soil nutrient status of coconut. The intercrops were 

planted outside the root zone of coconut in a planned manner. Fertilizers 

were also applied to the intercrops and main crop separately. Different doses 

of fertilizers were also applied to intercrops independently. Thus there was 

not much competition between the main crop and intercrop as far as nutrition 

was concerned. 
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4A.8.2 Post experiment leaf nutrient concentration of coconut 

The leaf nutrient l:oIH.:entration of l:Ol:onut l:ollel:ted I V2 years aftcr 

Ihe 4,:omplctiull of the e"periment ill pre!olent~d 'n Tl1ble J I. 

A silllilar trcnd as in the casc of soil lIutlicllt sWtus of l:Ol:Ollut, was 

observed ill leaf nutrient content also. The N, P and K content of the leaves 

showed no significant difference between the treatments. The nutrient status 

of the Icaves of palms undcr various treatment l:ombinations were also on par 

with that of control. The critical nutrient levels worked out by the IRHO 

(Institute De Researches Pour Les Huiles Et Oleagiveux, Paris) for West 

i\ fricllll Palms lISill~ the I tlth Icaf liS the rcfcrcnc.:c lellf ill % dry IlHlllcr nrc N • 

I.HOO 10 2.000, P - O.12() IIl1d K - O.H()() to 1.000 Thc IllIti iCllt COIICClllllllioll 

of leaves of cm,:ollut ill the illtcrooppcd plots were higher than that of the 

critical nutrient levels. The results reveal that the nutrition of coconut palms 

wele 1101 udvelsdy ul'leclcd hy raising illicierups ill hClweclII thclII. Thus il 

can be concluded that intercrops can be grown safely in between coconut palms 

without adversely affecting the nutrition of coconut. 

4A.9 Soil moisture content 

Influence of cropping systems on soil moisture content is presented 

in Fig. 12, 13 & 14. 

It shows that under shaded condition, there is not much variation In 

soil moisture content, between control plot (coconut alone) and intercropped 

plots. 



Table 31. Post experiment leaf nutrient concentration of coconut (o/c) 

~itrogen (%) Phosphorus (%) Porassium (0/0) 

Cropping systems Fertilizer doses Fertilizer doses F~rtilizer doses 

FD RD Mean FD RD Mean FD RD Mean 

Cl - Co + Ca 2.097 1.90~ 2.000 0.232 0.2~5 0.239 1.450 1.350 1400 

C~ - Co + Ca + VCP 2.006 1.97~ 1.990 0.228 0.231 0.221 1.117 1.017 1.067 

C3 - Co + Ca + EFY 1.935 1.912 1.92-t 0.243 0.183 0.213 1.200 1.083 1.142 

C-l - Co + Ca + Sa 1.971 1. 918 1.945 0.210 0.237 0.224 0.983 0.950 0.967 

C5 - Co + Ca + VCP + 2.092 1.885 1.989 0.217 O.~ 17 O.~17 1.-t83 0.967 1.225 

EFY + Sa 

~ean 2.020 1.919 0.226 0.~19 1.247 1.073 

Control (coconut alone) 1.810 0.198 1.233 

CD 5 (%) SE~1 ± CD 5 (%) SE~± CD5(c;) SEM ± 

Treatments 0.091 0.014 0.232 

Cropping systems O.OM 0.010 0.164 

Fertilizer doses O.O~I 0.006 0.104-

Cropping system x 0.091 0.014 0.232 

Fertilizer 

Treatment vs Control 0.095 0.015 0.2~3 

Co - coconut, Ca - cassava. VCP - vegetable cowpea. EFY - elephant foot yam, FD - full dose of~. P & K. 

RD - half dose of Nand P and full dose of K. 
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The results reveal that by ralslIlg different intercrops together in 

coconut garden the soil moisture content is not depleted and in certain 

clopping systt'llls rsprrilllly in ,] (ri~, 11 IV 14) Ilnd ,4 (rill' D) there is 1\ 

slight increase in soil moisture content. 

Eventhollgh there is ahsorptinn of moisture by intercrops in coconut 

based crupping system, it was cumpensated by luw evapuratiun luss und lun 

off under such system. Besides the fallen dry leaves also add to the organic 

matter content of the soil and increase the water holding capacity. Thus it can 

be concluded that under partial shade uf coconut, intercrops of different types 

can be raised without any depletion in soil moisture content. 

4A.I0 Light infiltration 

4A.IO.l Cassava 

The quantum of PAR incident on the crop canopy of cassava 

during 1993-94 crop period is depicted in Fig. 15. There was no difference 

in the quantum of PAR received hy cassava canopy in different treatments 

under partial shade of coconut (Fig. 8) and the mean value recorded was 

130 I/MEm -2 s -1 which works out to approximately 75 per cent compared to 

open situation. During rainy months PAR received between shaded and open 

condition was similar where as in summer months higher PAR was recorded 

in open situation. Under the partial shade of coconut, as the quantum of PAR 

recei ved was less, it resulted in reduced tuber yield of cassava compared to 

open area Cfable 5). 
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Cassava heing taller. it is the dominant crop in the different cropping 

systems and so other intercrops may not be exerting any influence on the light 

incidence on cassava canopy. 

Adequate solar radiation is essential for the normal growth and yield 

of cassava. A reduction in PAR resulted in etiolation of plants under shaded 

condition and its photosynthetic efficiency was also affected adversely. In 

the opcn. duc to the availahility of full sunlight. photosynthesis might havc 

takcll place at the Ilormal rate resulting in higher menn tuher weight nnd menn 

number of tubers per plant with enhanced tuber yield. Kasela et Cli. (1984) 

observed reduced dry matter of tuberous roots under shaded condition. 

According to Ramanujam et Cli. (1984) the dry matter accumulation in the 

shoots of sun and shade grown cassava plants were similar, while marked 

differences were observed for dry matter accumulated in tuber. 

4A.IO.2 Banana 

PAR incident on the canopy of intercrop banana during 1993-94 is 

presented in Fig. 16. There was no difference between the pattern of light 

intercepted by intercrop banana involved in the two cropping systems viz. 

C4 and CS. PAR received by intercrop banana was 78 per cent of that of 

open as the position of the banana plants was away from the base of the 

coconut palm. Nair and Balakrishnan (1976) reported similar pattern of light 

interception by canopies in a coconut + cacoa crop combination. The growth 

and yield characters of banana involving the two cropping systems under 
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the partial shade of coconut were similar. There was no influence from other 

component crops on the incidence of PAR on banana crop especially cassava. 

As there was no late branching in cassava under shaded condition, 

unlike in the case of open. the competition from cassava by shading was 

negligible. So non-branching varieties of cassava should be grown along 

with hanana under cm:onut hased clopping systcm. Cowpca and clcphnnt foot 

yam are short duration crops with short stature compared to banana. Banana 

ht't':II'S(' ot' its tllil l':III11PY was ill 1111 IIdvnlltn~rO\ls posilion ns I'nr ns Ii~hl 

utilization in the cropping system was concerned. 

Bunch yield was more in the shade compared to open hecause under 

shade, the soil moisture content was more (Fig. 12, 13 & 14) and evaporation 

loss was less. 

4A, t 0.3 Elephant foot yam 

PAR illcidcnt 011 thc canopy of intcrcrop clcphant foot yum during 

1993-94 crop season is given in Fig. 17. 

There was not much difference between PAR incident on intercrop 

elephant foot yam involved in the two cropping systems. Mean PAR incident 

on intercrop elephant foot yam was 1207Jl E m-2 s-I which comes to 71 per 

cent compared to open. 

Under the partial shade of coconut, the height of intercrop elephant 

foot yam was more as compared to open (Table 13), where as leaf area was 
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less compared to open sole crop (Tahle 14). An increase in corln yield was 

recorded in intrrcrop elephant foot yam compared to open (Tahlc 1(1). 

The increasc in hcight ohserved for intercrop elephant foot yarn might 

be due to etiolation caused by reduced light under shaded condition. The 

reduction in leaf area of elephant foot yam in the presence of cassava, banana 

and vegetable cowpea might be due to competition for light from component 

crops especially vegetable cowpea in the early stages of banana. In the early 

stages vegetable cowpea has quick growth and elephant foot yam takes about 

1'12 months for attaining full canopy. Eventhough there was a reduction in 

leaf area under shaded condition it was not reflected in corm yield. This is 

because elephant foot yarn is mainly a shade tolerant crop. Besides, higher 

soil IIlOisturc content lind lowcr rates of evaporation nlso might have 

contributed towards corm yield. 

4A.I0.4 Vegetable cowpea 

PAR incident on the crop canopy of vegetable cowpea during 1993 is 

given in Fig. 18. There was no appreciable difference between the quantum 

of PAR intercepted by vegetable cowpea involved in the two cropping 

systems. Mean value of PAR received by intercrop vegetable cowpea was 

I 464~ E m- 2s- 1 and it works out to 82 per cent compared to the sole crop in 

the open. An increase in height was observed in vegetable cowpea raised 

under shade compared to open. 
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Vegetable cowpea could utilize H2 per cent of PAR compared to open 

because the other component crops especially cassava and elephant foot yam 

were in young stage and they did not shade vegetable cowpea. Reduced PAR 

received by intercrop vegetable cowpea compared to open, might be the reason 

for etiolation and higher plant height observed under shaded condition. 

Eventhough the vegetable cowpea chosen is a sun loving crop, the pod yield 

was not affected by the reduction in light. The crop has given more pod yield 

and bhusa yield under shaded condition. So shade tolerant varieties are to be 

preferred in a cropping system. 

t\l\lOllg the intcrcrops. the Pt\R incident in the crop canopy of 

vegetable cowpea was maximum (82 per cent of open) and that of elephant 

foot yam was minimum (71 per cent compared to open). In these cropping 

systems. cassava is the most dominating intercrop because of its tall character 

and probably exerting its influence on other component crops (Fig. 2b-2f}. 

However. its influence on other crops on light incidence especially elephant 

foot yam and vegetable cowpea is less because of the absence of late branching 

observed under shaded condition. Next to cassava, banana is less and the 

plants arc located away from the hase of coconut palm nnd so hun"",, nlso 

docs not exert much influence on the receipt of light by other intcrcrops. 

Elephant foot yam was raised in the inner rows around the coconut palm (Fig. 

2d & 2f). Eventhough there was some competition for light from vegetable 

cowpea, banana and cassava it was not reflected in the yield suggesting that 

elephant foot yam can perform satisfactorily in such a cropping system under 

reduced light condition. 
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Vegetahle cowpea occupied the field only for 2 1/2 months in the 

early growth stages of other intercrops and hence there was not much 

compctition for light from other intercrops. Thus it can be concluded that the 

light filtered through the crop canopy of coconut is utilized in a most efficient 

manncr by the intcn;rops in thcsc cropping systems. In a cropping systcm in 

Kerala, the floor crop can be vegetable cowpea or some other short duration, 

short satured vegetable crop which can with stand shade. 

4A.ll Economics 

Economics of intercropping in coconut based cropping system IS 

presented in Table 32. Highest net income was obtained from treatment C5 

(Rs. 26, 726 ha· 1) followed hy C4 (Rs. 25. 760 ha· 1) and C3 (Rs. 22. 251 

ha- 1) by C4 (Rs, 25, 760 ha- 1) and C3 (Rs, 22, 251 ha- 1) the lowest net income 

was recorded from C 1 (Rs. 17. 411 ha·!) and it was comparable with that of 

C2 (Rs, 17, 653 ha- 1) 

Benefit: cost ratio was highest in C4 (2.64) followed by C I (2.36) 

and C2 (2.25), the lowest value was recorded by C5 (1.96) and C3 recorded a 

value of 2.03. 

The results show that raising more numhcr of intercrops in coconut 

gardell call gellerate 1II00e illl.:ome thall raisillg a sillgle intercrop. The highest 

net income was received from C5 which included the highest number of 

intercrops. Cassava alone as intercrop gave the lowest net income. With 



Table 32. Economics of intercropping In coconut gardens (Rs gross ha'!) 

Treatment Intercrop Expenditure 

C1 Cassava 12825 

C2 Cassava 12825 

Veg. cowpea 1298 

C3 Cassava 1485 

Elephant foot yam 14190 

Cassava 11760 

Banana 5864 

C5 Cassava 6419 

Banana 5864 

Elephant foot yam 14190 

Veg. cowpea 1298 

Produce Value of 
(t ha· l ) individual crop 

15.118 30236 

13.560 27120 

1.164 4656 

12.203 24406 

4.880 19520 

16.460 30920 

1.558 12464 

10.108 20216 

1.403 11224 

4.393 17572 

1.369 5476 

Gross 
Income 

30236 

31776 

43926 

43384 

54488 

Gross 
expenditure 

12825 

14123 

21675 

17624 

27762 

inco:nc! 

1- « • , . -- ... 

Benefit 
cost ratio 

2.36 

2.25 

2.03 

2.46 

1.96 

C 1 - coconut + cassava. C2 - coconut + cassava + vegetable cowpea, C3· coconut + cassava, + elephant foO{ :'.&m. C4 - coconut + 
cassava + banana. C5 - coconut + cassava + elephant foot yam + vegetab1ecowpea. tapioca - Rs. 2Jkg. banana - lU :Ykg. elephant foot 
yam - Rs. 4/kg. vegetable cowpea - Rs. 4/kg. 
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additional crops. the net income also increased. It is not only yield from intercrop. 

hut the value of individual crop also count for higher nct incol11c. 

It may be concluded that higher net income could be obtained from 

coconut garden by growing cassava. banana, elephant foot yam and vegetable 

cowpea together as intercrops followed by cassava + banana and cassava + 

elephant foot yarn. 

4A.12 LEI{ 

The LER values averaged for the years 1992-93 and 1993-94 for 

different nopping systems are given in Table 33. Cropping system C5 has given 

the highest value (4.840) followed by C2 (3.176) C3 (1.621) and C4 (1.485). The 

lowest value was given by C I (0.708). 

The values show that it is advantageous to grow more that one crop as 

intercrop in coconut garden. 

The results reveal that cropping systems involving vegetable cowpea have 

given higher values of LER. So it is beneficial to include vegetable cowpea as 

one of the components of coconut based cropping system. 



Table 33. LER In coconut based cropplll£ system 

Cropping system LER 

CI 0.708 

C2 3.176 

C3 1.621 

C4 1.485 

C5 4.840 

C 1 - COCOllut + cassava, C2 - COCOllut + cassava 

+ vegelable cowpea, C3 - coconut + cassava + 

elephant foot yam, C4 - coconut + cassava + 

banana, C5 - coconut + cassava + banana + 

elephant foot yam + vegetable cowpea 
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4A.13 Income distribution 

The distrihution of illcome from COCOllut hascd croPlling systcms IS 

PITsl'llled ill Tahle ~4. It shows that in such a system. incomc is gencratcd 

throughout the year. In~ome from co~onut is obtained once in 45 days; from 

cassava in March; from elcphant foot yam in January and from vegetahle 

cowpea in August. The income from banana is distributed from November to 

April. 

Thc intcrcrops arc having differcnt durations and hencc the harvesting 

of these intercrops is distributed to different months of the year. Thus 

eventhough the planting of intercrops is done during May-lune, the yield 

and income is obtained in different months of the year. 

Thus it may be concluded that, in a coconut based cropping system 

income can be generated throughout the year by raising suitable intercrops. 

4B. Expt. 2. Rndiotrnccr studies 

Interspecific competition for applied 32p in cropping system involving 

coconut, banana, cassava and elephant foot yam. 

Interspecific root competitions in cassava + coconut, cassava + banana, 

cassava + elephant foot yam, banana + coconut and banana + elephant foot 

yam systems were studied by comparing the absorption of applied 32p in their 

sole and mixed systems. Absorption of 32p in two crop cropping system was 



Tahle 34. Income distrihution 

Treatment Crops 

co Coconut 

CI Coconut 

CnssnvlI 

C2 Coconut 

Cassava 

Vegetable cowpea 

C3 Coconut 

Cassava 

Elephant foot yam 

C4 Coconut 

Cassava 

Banana 

C5 Coconut 

( '/lssava 

Banana 

Elephant foot yam 

Vegetable cowpea 

Months 

Jul 15, Aug 30, Oct 15, Nov 30, 
Jan 15, Feb 28, Apr 15, May 30 

Jul IS, Aug 30, Oct IS, Nov 30, 
Jan IS, Feb 28, Apr IS, May 30 

Murch 

Jul 15, Aug 30, Oct IS, Nov 30, 
Jan 15, Feb 28, Apr 15, May 30 

March 

August 

Jul 15, Aug 30, Oct IS, Nov 30, 
Jan 15, Feb 28, Apr IS, May 30 

March 

January 

Jul 15, Aug 30, Oct IS, Nov 30, 
Jan 15, Feb 28, Apr 15, May 30 

March 

Nov, Dec, Jan, Feb, Mar, and Apr 

Jul IS, Aug 30, Oct IS, Nov 3D, 
Jan IS, Feb 28, Apr IS, May 30 

March 

Nov, Dec, Jan, Feb, Mar and Apr 

January 

August 

co - coconut alone. C I, - coconut + cassava. C2, - coconut + cassava + vegetable cowpea, 
C3 - coconut + cassava + elephant foot yam, C4 - coconut + cassava + banana. C5-
coconut + cassava + banana + elephant foot yam + vegetable cowpea. 

Time of planting of intercrops : May - Junc. 
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evaluated by quantifying the radioactivity absorbed during 15 days and 30 

days after application by the crop to which the radiophosphorus was applied 

as well as by the neighbouring non-treated component crop. 

48.1 Relative absorption of 32p by treated plant in mono and mixed 

cropping systems 

Data on the relative absorption of 32p by treated cassava in mono and 

mixed cropping systems are presented in Table 35. Significant differences 

were observed in the absorption of 32p among the treated cassava plants in 

mono and mixed cropping systems during 15 and 30 days after application of 

radiophosphorus. 

During 15 days after application, maximum absorption was recorded 

by treated cassava of inner rows in the presence of banana (30974 cpm/g) 

whereas the lowest values were recorded by treated cassava of inner rows in 

the presence of coconut (1542 cpm/g). 

No significant difference was observed in the absorption of 32p 

between inner and outer rows of treated cassava under monoculture situation. 

Higher cpm values were recorded by the inner rows of treated cassava (26546). 

In the presence of coconut, there was a reduction of 27.9 per cent in 

the absorption of 32p by treated cassava in the inner rows and the reduction 

was 23.9 per cent in treated cassava in the outer rows, when compared to treated 



Table 35. Relative absorption of 32p (log transformed values) by treated 

cassava in mono and mixed systems 

Days after 32p application 
Cropping system 

15 30 

Cati(Sole) 4.242 4.452 

(26546) (28314) 

Cato(Sole) 4.221 4.302 

(16634) (20045) 

Cati(+Co) 3.188 3.657 

(1542) (4539) 

Cato(+Co) 3.212 3.526 

( 1629) (3357) 

Cati ( +Ba) 4.491 4.612 

(30974 ) (40926) 

Cato( +Ba) 4.431 4.691 

(21928) (49091) 

Cato(+EFY) 3.853 4.051 
(7129) ( 11246) 

CD (0.05) 0.647 0.592 

SEM± 0.210 0.192 

Figures in parentheses are retransformed values in cpm/g. 

Ba - banana Ca - cassava Co - coconut EFY - elephant foot yam 

I - Inncr row o - outer row t - treated 
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cassava sole crop. There was no significant difference in the absorption of 

32p hy treated cassava between the inner and outer rows in the presence of 

coconut. In the outer row, the absorption by cassava was slightly higher (1629 

cpm/g) when compared (0 (he inner row (1542 cpm/g). 

When banana was raised along with cassava, no siglli ricallt di Ilcrcllcc 

was observed in the absorption of 32p by treated cassava in the inner and 

outer rows, compared to the monocrop situation. 

In the presence of clephant foot yam no significant reduction was 

observed in the absorption of 3 2p by outer row of treated cassava. The 

reduction was only 12.9 per cent when compared to the absorption of 32p by 

treated cassava in the outer row under monoculture situation. 

During 30 days after application. maximum absorption of 32p was 

observed in treated cassava of outer row in the presence of banana (49091 

cpm/g) and the lowest value was recorded by treated cassava of outer row in 

the presence of coconut 0357 cpm/g). 

Between inner and outer rows of treated cassava, under monoculture 

situation, no significant difference was observed in the absorption of 32p. 

Significant reducation was observed in the absorption of .~2p by treated cassava 

in the presence of coconut. Compared to the sole crop of cassava. the 

reducation was 17.9 per cent for treated inner row cassava and 18.0 per cent 

for treated ollter row cassava. There was no significant difference in the 



94 

absorption of 32p by treated cassava between the inner and outer rows in the 

presence of coconut. In the inner row, the absorption by cassava was 4539 

cpm/g and in the outer row, 3357 cpm/g. 

When banana was raised along with cassava, no significant difference 

was ohserved ill the absorption of 32p by treated cassava between the inner 

and outer rows, compared to monocrop situation. 

Absorption of 32p by outer row of treated cassava in the presence of 

elephant foot yam was 11246 cpm/g and it did not differ significantly 

compared to the sole crop of cassava (20045 cpm/g). 

An increase in the uptake of 32p was observed in all the treatments 

during 30 days after application compared to 15 days. The increment ranged 

from 0.6 per cent in inner row of treated cassava under monoculture 

situation to 14.7 per cent in inner row of treated cassava in the presence of 

coconut. 

In the two-crop system involving coconut and cassava, the application 

of 32p to cassava in the inner row resulted in higher accumulation of 

radioactivity (5399 cpm/g) in the inner row cassava itself (Fig. 1 a). The 

two cassava plants on either side of the treated plants accumulated 1772 

cpm/g each while in the neighbouring coconut palm, the radioactivity was 

86 cpm/g. 



95 

When the cassava plant in the outer row was treated with np, the 

radioactivity accumulated in the treated plant was to the tune of 3994 cpm/g 

and that in the two neighbouring cassava plants was 967 cpm/g each. 

When 32p was applied to cassava in cassava + banana cropping system 

(Fig. 4e), the radioactivity accumulated in the three treated cassava plants 

was 69817 cpm/g each, in the two neighbouring untreated cassava plants was 

34810 cpm/g while in the banana plant was only 8387 cpm/g. 

In cassava + elephant foot yam cropping system, the absorption of 

32p was studied when it was applied to either of the crops in the system. 

Application of 32p to cassava resulted in higher cpm values (11604) in the 

applied plant itself, 4095 each in the two cassava plants on either side of the 

treated plant and 108 in the neighbouring elephant foot yam plant (Fig. 4f). 

The relative uptake of 32p by treated cassava under sole crop situation 

both in the inner and outer rows was high as there was no competition from 

roots of other species. The lower cpm values recorded by treated cassava in 

the presence of coconut showed that there was stiff competition for nutrients 

from coconut roots. Ashokan et al. (1989) observed that in cassava highest 

uptake of 32p was from the soil zone at lateral distance of 20 cm and at a 

depth of 20 em during 90-150 days of growth of the rainfed crop. According 

to Anilkumar and Wahid (1988) over 80 per cent of the active roots of coconut 

palm were confined to an area of 2 m radius around the palm and the vertical 

spread of majority of the roots was limited to a depth of 60 cm below which 
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root activity declined. It was observed that 32p applied to inner row cassava 

was absorbed by the coconut at the centre of the system (Fig. 4a). Based on 

this it may be concluded that although most of the coconut roots were within 

2 m radius, the roots growing beyond 2 m radius from the base of the palm 

might have competed with cassava for applied 32p. 

In cassava - banana cropping system, absorption of 32p by treated 

cassava was not influenced by the presence of banana. The uptake was almost 

similar with inner and outer rows of cassava. Avilan et al. (1981) observed 

that in banana more than 80 per cent of root weight was within the top 30 cm 

of soil and at lateral distance of 0 - 45 cm from the main stern. In rainfed 

banana, maximum percentage of active roots (82%) was observed in a soil 

zone of 40 cm radius and 30 cm depth (Sobhana, 1985). It was observed that 

a major portion of the applied 32p was absorbed by the treated cassava plant 

and neighbouring non treated cassava plants and only a small quantity was 

absorbed by neighbouring non-treated banana plants (Fig. 4e). Ashokan 

(1986) obtained similar results in a cassava - banana cropping system when 

cassava was treated with 32p. The data on root characters of banana (Fig. 19a) 

showed that under rainfed condition, banana roots did not spread extensively 

and this might be the reason for the lack of root competition of banana with 

that of cassava. 

In cassava - elephant foot yam cropping system, the uptake of 32p by 

treated cassava was not affected adversely as compared to the sole crop of 

cassava, indicating thereby that the roots of elephant foot yam did not compete 

with the cassava roots for 32p. 
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Ashokan et lIl. (1988) observed that absorption of 32p from cassava 

mounds hy AmorpllOpllllll,u paelli((ulilu; WllN negligible. The result of the 

present study confirms this (Fig. 4f). 

The results suggest that it is advantageous to grow cassava along with 

banana or elephant foot yam than with coconut as far as competition for 

nutrient is concerned. 

4B.2 Relative absorption of 32p in treated banana in mono and mixed 

cropping systems 

Data pertaining to the relative absorption of 32p in treated banana in 

mono and mixed cropping systems are presented in Table 36. 

No significant differences were observed in the absorption of 32p 

among the different treatments during 15 and 30 days after application. 

Highest cpm values of 3184 and 6442 were observed in treated banana plants 

in the presence of coconut during 15 days and 30 days after application 

respectively. The lowest cpm value was recorded by the sole crop of treated 

banana (177 cpm/g) during 15 days after application and the least value was 

observed in treated banana (2138 cpm/g) in the presence of elephant foot yam. 

There was an increase In the absorption of 32p at 30 days after 

application, compared to 15 days. The increase ranged from 8.7 per cent in 

treated banana in the presence of coconut to 48.6 per cent in treated sole 

crop of banana. 



Table 36. Relative absorption of 32p (log transformed values) by treated 

banana in mono and mixed systems 

Days after 32p application 

Cropping system 

CD (0.05) 

SEM ± 

15 

2.247 

( 177) 

3.503 

(3184) 

2.600 

(398) 

2.322 

(210) 

NS 

0.367 

Figures in parentheses are retransformed values in cpm/g. 

Ba - banana Ca - cassava Co - coconut 

i-inner row o - outer row t - treated 

30 

3.339 

(2183) 

3.809 

(6442) 

3.628 

(4246) 

3.330 

(2138) 

NS 

0.187 

EFY - elephant foot yam 
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In coconut + banana intercropping system (Fig. 4b) application of 

32p to banana in thc inncr row resulted in higher cpm values in hanana (7710) 

and that accumulated in the coconut palm was 125. 

In cassava + banana cropping system (Fig. 4d), application of 32p to 

banana resulted in low accumulation of 32p in banana (4416 cpm/g). The 

radioactivity observed in the two neighbouring untreated cassava plants was 

22544 cpm/g each and that accumulated in the untreated cassava plant at the 

corner was 7987 cpm/g. 

In banana + elephant foot yam cropping system, the treated banana 

plant accumulated radioactivity of 2171 cpm/g while the elephant foot yam 

plant dose to the banana plant absorbed only a negligible quantity (Fig. 4h). 

Relative absorption of 32p in treated banana was not influenced when 

grown in association with coconut compared to the sole crop. In banana, it 

was observed that the majority of the active roots were confined to a radius of 

30 em and to a depth of about 20 em (Fig. 19b). Maximum percentage of 

active roots (85 per cent) was observed in a soil zone of 40cm radius and 

30cm depth in rainfed banana (Sobhana et aI.1989). In coconut palm. lateral 

spread of majority of active roots was confined to a radius of 2m around the 

palm and the vertical spread was limited to a depth of 60cm (Anil k umar and 

Wahid, 1989). In coconut + banana cropping system (Fig. 4b) when 32p was 

applied to banana plant, the radioactivity absorbed in the treated plant was 

7710 cpm/g and that absorbed by the neighbouring non - treated coconut palm 
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was 125 cpm/g. The results suggested that banana can be grown as an 

intercrop with coconut, as the roots of coconut do not compete with those of 

banana for nutrients. 

In the presence of cassava and elephant foot yam, the absorption of 

32p by treated banana was not affected. Studies on the root activity of ridge 

planted cassava indicated that 61 per cent of the active roots were confined to 

20 cm radius and 20 cm depth during 75 to 150 days growth period of the 

crop (Ashokan, 1986). He also observed from root excavation that distribution 

of roots of elephant foot yam was mainly confined to a radial distance of 25 

cm from the plant and to a depth of 20 cm. In banana + cassava cropping 

system, (Fig. 4d) even though higher quantity of 32p (22544 cpm/g) was 

absorbed by the neighbouring non - treated cassava plant compared to the 

treated banana (4416 cpm/g) the competition from cassava was negligible. In 

banana + elephant foot yam cropping system (Fig. 4h) it was ohserved that 

the treated banana itself had absorbed the major portion of the 32p applied 

(2171 cpm/g) and only a negligible portion (40-45 cpm/g) was absorbed by 

the neighbouring untreated elephant foot yam and cassava roots were not 

competing with those of banana for nutrients. 

Increase in absorption of 32p observed in treated banana under mono 

and mixed cropping at 30 days after application implies that even in the 

presence of other crops absorption of the applied 32p by radio treated banana 

was unaffected. The increase was highest (177 to 2183) in treated sole crop 

of banana followed by treated banana in the presence of elephant foot yam 
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(210 to 2138) and treated banana in the presence of cassava (398 to 4296). In 

the case of treated banana along with coconut there was no marked change in 

the absorption of 32p at 30 days after application as compared to 15 days 

after application. This indicates that coconut roots also are not competing 

with banana for the uptake of 32p. 

The results suggest that banana can be raised along with coconut, 

cassava or elephant foot yam without any adverse effect on banana nutrition. 

4B.3 Relative absorption 321) by treated elephant foot yam in monoand 

mixed systems 

Data on the relative absorption of 32p by treated elephant foot yam in 

mono and mixed systems are presented in Table 37. No significant differences 

were observed in the absorption of 32p by various treatments during 15 days 

and 30 days after application. During 15 days after application, highest 

absorption of 32p was observed in treated sole crop of elephant foot yam 

(272 cpm/g) while the lowest value was recorded by treated elephant foot 

yam in the presence of cassava (76 cpm/g). Similar trend was observed during 

30 days after application for the same treatments and the cpm values were 

2361 and 462 respectively. 

During 30 days after application of 32p there was an increase in the 

absorption for all the treatments, compared to 15 days after application. The 

increase ranged from 38.6 per cent for sole crop of treated elephant foot yam 

to 52.0 per cent for treated elephant foot yam in the presence of banana. 



Tahle :'7. Relative absorption of :l2p (log transformed values) 1J1 treated 

elephant foot yam in mOl1o and mixed systems 

Days after 32p application 

Cropping system 

15 

EFYt(sole) 2.434 

(272) 

EFYt(+Ca) 1.882 

(76) 

EFYt(+Ba) 2.095 

(125) 

CD (0.05) NS 

SEM± 0.257 

Figures in parentheses are retransformed values in cpm/g. 

Ba - banana 

i-inner row 

Ca - cassava 

0- outer row 

Co - coconut 

t - treated 

30 

3.373 

(2361 ) 

2.665 

(462) 

3.184 

( 1528) 

NS 

0.201 

EFY - elephant foot yam 
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When Up was applied to elephant foot yam, the radioactivity 

accumulated was 622 cpm/g in the treated plant where as only a negligible 

quantity (40 cplll/g) was present in the neighbouring untreated elephant foot 

yam plant. 5753 cpm/g was observed in the untreated cassava plant on one 

side, 3479 in the untreated cassava in the corner and I R2R in the untreated 

cassava at the extreme (Fig. 4g). 

When elephant foot yam was treated with 32p in banana + elephant 

foot yam cropping system (Fig. 4i), the radioactivity accumulated in the treated 

elephant foot yam plant was 2186 cpm/g; 82 in the neighbouring elephant 

foot yam and 306 in the banana plant located at the corner. 

There was no drastic reduction in the uptake of 32p by treated elephant 

foot yam in the presence of cassava indicating lack of stiff competition from 

cassava. Cassava was raised on mounds and their root system was mainly 

confined to a radius of 25 em and to a depth of 25 em (Fig. 19a). As such the 

root system of cassava might not be reaching the root zone of elephant foot 

yam raised in pits. 

The uptake of 32p by treated elephant foot yam in the presence of 

banana was not affected because in that system the roots of banana were located 

outside the root zone of elephant foot yam and hence there was no seious 

competition from banana for nutrients. The absorption of 32p by treated 

elephant foot yam was very high (2186 cpm/g) and only a small portion (306 

cpm/g) was absorbed by the neighbouring untreated banana (Fig. 4i). The 

/?:i.:-:L~ 
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uptake of 32p by treated elephant foot yam under monocorop was similar to 

that of the one in the presence of banana. 

It can be concluded that elephant foot yam may be grown with 

advantage in association with banana followed by cassava. 

4B.4 Relative absorption of 32p by treated coconut in mono and mixed 

systems 

The relative absorption of 32p by treated coconut in mono and mixed 

systems is presented in Table 38. 32p absorbed by treated coconut palm in 

sole crop was high (214 cpm/g) compared to palms in the presence of banana 

(125 cpm/g). In both the cases there were increases in the uptake of 32p during 

30 days after application compared to 15 days after application. 

In coconut + banana intercropping system (Fig. 4c) when 32p was 

applied to coconut, uptake was more by neighbouring banana plants (610 cpml 

g) while that of treated coconut was 125 cpm/g. Uptake of 32p by banana in 

inner row was higher (610 cpm/g) compared to outer row (119 cpm/g). 

There was a subsidence in the uptake of 32p by treated coconut in the 

presence of banana compared to the sole crop (Table JS). The uptake was 

more by banana in the inner row compared to those in the outer row (Fig. 4c). 

The rooting pattern of banana and coconut suggested that majority of 

their active roots are confined to a radius of 30 cm and 2 m respectively (Fig. 



Table 38. Relative absorption of 32p (log transformed values) by treated 

coconut in mono and mixed systems 

Cropping system 

Co\(+Ba) 

Days after 32p application 

15 

1.580 

(38) 

1.491 

(31 ) 

30 

2.330 

(214 ) 

2.097 

(125) 

Figures in parenthesis are retransformed values of cpm/g 

Ba - banana Co - Coconut 

*Only one replication was present and statistical analysis was not done. 
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19c and 19d). Sobhana (1985) observed maximum percentage of active roots 

(82%) in a soil zone of 40 cm radius and 30 cm depth in rainfed banana. In 

coconut palm. over 80 per cent of the active roots were confined to an area of 

2m radius around the palm and the vertical spread of majority of the roots 

extended upto 60cm (Anilkumar and Wahid, 1989). The above findings 

revel the fact that the competition from banana roots was negligible and as 

such did not affect the 32p uptake by coconut significantly. 

The following conclusions can be drawn from the results obtained from 

the present study. Cassava can be raised as an intercrop in coconut without 

much competition for nutrients. Cassava is planted in two rows around the 

coconut palm at a spacing of 90 x 90 cm leaving a distance of 2 m radius from 

the base of the palm. 

Banana can be raised in association with coconut without any adverse 

effect on banana nutrition. Banana is planted in two rows around the coconut 

palm. 4 plants are planted in the outer row at a distance of 4.65 m away from 

the base of the coconut palm and four others are planted alternate to the first 

row at a distance of 2.85m away from the base of the coconut palm. 

Cassava and banana can be raised together as intercrops in coconut 

garden without any competition for nutrients. Cassava is planted in two rows 

around the coconut palm at a spacing of 90 x 90 cm. The banana plants occupy 

the four remote corners at a distance of 4.65 III away from the base of the 

palm. 
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Elephanl fool yalll and banana conslilule ideal companion crops and 

thrive well as intercrops in coconut garden. Elephant foot yam is raised in a 

row around the coconut palm at a distance of 2.45 m away from the base of 

the palm. The banana plants occupy the four remote corners at a distance of 

4.65 m away from the base of the palm. 

Cassava and elephant foot yam is an ideal combination of intercrops 

10 coconut garden. Cassava is raised in the outer row around the coconut 

palm at a distance of 3.35 m away from the base of the palm while elephant 

foot yam occupies the inner row at a distance of at least 2.45 m away from the 

base of the palm. 

Future line of work 

I. Further experiments with different types of cropping systems In 

different age groups of coconut palms have to be studied. 

2. In a cropping system in Kerala, the floor crop can be vegetable cowpea 

or vegetables other than cowpea, subjected to investigation in a 

coconut garden situation. 

3. Different shade tolerant varieties of intercrops should be tried under 

the partial shade of coconut. 

4. Performance of cassava stems obtained from intercropped situation 

should be assessed in shaded as well as open situations. 
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5. Productivity of coconut as influenced by intercrop should be studied. 

6. Further trials with lower doses of P for intercrops may be tested under 

the partial shade of coconut. 

7. Influence of microclimatic factors such as soil temperature, RH and 

evaporation on the intercrops as well as the main crop in cropping 

system should be studied. 

8. Detailed investigation in moisture extraction pattern, residual 

moisture and soil moisture regime should be executed with 

different intercrops. 



SUMMARY 
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SUMMARY 

Two field experiments were conducted at the Instructional Farm, 

College of Agriculture, Vellayani from 1992-1994 to study the performance 

of inlercrops in an adult coconut garden. In the first experiment, the effects 

of nutrients. moisture and light on the productivity of intercrops. uptake of 

nUlrients, quality of produce, soil properties and economics were studied. The 

effect of five cropping systems with two doses of fertilizers along with a 

control were tried in Randomised Block Design with three replications. In 

the second experiment, the interspecfic root competition was studied using 

the radio tracer technique. The absorption of 32p by compon~nt crops in mono 

and mixed crop situations were investigated. 

The salient results of the study are summarised below. 

Different cropping systems and fertilizer doses had no marked effects 

on the height of intercrops under the partial shade of coconut. However 

intercrops were taller under shaded conditions compared to open situation. 

The leaf area of intercrops was not affected much by cropping systems 

and fertilizer doses. 

The yield attributing characters of intercrops such as cassava, banana, 

elephant foot yam and vegetable cowpea were not affected by different 

cropping systems and doses of fertilizers. 
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Tuber yield of cassava was not affected by other crops grown in the 

system. 

Cropping systems and fertilizer doses for intercrops had not affected 

the bunch yield of banana, corm yield of elephant foot yam and fresh pod 

yield of vegetable cowpea and there was no yield reduction for these intercrops 

under the partial shade of coconut compared to open. 

The results show that, cassava can be raised along with banana, 

elephant foot yam and vegetable cowpea successfully under the partial shade 

of coconut. 

Half the recommended dose of Nand P and full dose of K was found 

sufficient ~or the intercrops grown in a coconut garden of 40 years old. 

The uptake of NPK by cassava, banana, elephant foot yam and 

vegetable cowpea was not influenced by different cropping systems and 

fertilizer doses. 

Highest uptake of NPK by intercrops was recorded in cropping system, 

coconut + cassava + banana followed by coconut + cassava + banana + elephant 

foot yam + vegetable cowpea. 

The post experiment soil analysis data showed that there was no 

depletion in soil nutrient status even after two years of intercropping. 
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The post experiment leaf nutrient concentration of coconut was higher 

in cropping system compared to that of the control plot, indicating that the 

nutrition of coconut palms was not adversely affected by raising intercrops in 

between them. 

By raising different intercrops together in coconut garden, the soil 

moisture content at 30cm, 60cm and 90cm depth was not depleted. 

PAR incident on the crop canopy was 75 per cent in cassava, 78 per 

cent in banana, 71 per cent in elephant foot yam and 82 per cent in vegetable 

cowpea compared to open situation. Yield reduction due to lack of PAR was 

observed only in the case of cassava to the extent of 25 per cent compared to 

open. 

Highest net income obtained by intercropping in coconut garden was 

from the cropping system, coconut + cassava + banana + elephant foot yam + 

vegetable cowpea (Rs 26726 ha- l ) followed by coconut + cassava + banana 

(Rs 25760 ha- l ) and coconut + cassava + elephant foot yam (Rs 22251 ha- l ). 

Cropping systems, coconut + cassava + vegetable cowpea and coconut 

+ cassava + banana + elephant foot yam + vegetable cowpea recorded higher 

LER. 

In coconut, based cropping system, Income could be generated 

throughout the year by raising suitable intercrops. 
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Following are the conclusions from radiotracer studies using 32p. 

Cassava can be raised as an intercrop in coconut without competition 

for nutrients eventhough there was a reduction in the absorption of 3
2p by 

treated cassava in the presence of coconut, compared to the sole crop. 

Banana could be raised in association with coconut without any 

adverse effect on banana nutrition. 

Both cassava and banana can be raised together as intercrops in coconut 

garden without any competition for nutrients. 

Elephant foot yam was found to be an ideal companion crop with 

banana and cassava as intercrops in a coconut garden situation. 

From the results, it can be concluded that cassava, banana, elephant 

foot yam and vegetable cowpea can be raised successfully and economically 

as intercrops in an adult coconut garden applying half the recommended dose 

of Nand P and full dose of K without much competition for nutrients, 

moisture and light. 
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Appendix la. Weather parameters during the first season (1992-93) 

Months Temperature (OC) Mean Total Total Total 
relative sunshine evaporation rainfall 

Max. Min. humidity (hours) (mm) (mm) 
(%) 

Jun. 1992 29.8 24.2 83.1 131.7 92.3 613.3 

Jut. 1992 28.9 23.0 84.0 149.1 97.2 224.7 

Aug. 1992 28.9 23.3 85.2 160.3 111.7 67.8 

Sep. 1992 29.3 23.2 81.7 186.0 96.2 76.3 

Oct. 1992 28.9 22.7 52.5 184.9 104.8 412.0 

Nov. 1992 29.2 23.0 82.9 166.6 68.0 281.0 

Dec. 1992 30.3 21.5 78.6 203.1 88.9 15.1 

Jan. 1993 30.3 20.6 77.2 247.9 108.0 Nil 

Feb. 1993 31.2 21.3 76.5 243.7 121.8 2.8 

Mar. 1993 32.4 23.1 75.7 268.2 152.3 36.3 

Apr. 1993 32.5 24.6 82.2 249.0 145.0 31.6 

May. 1993 32.1 25.0 83.3 215.6 121.8 223.2 



Appendix lb. Weather parameters during the second season (1993-94) 

Months Temperature (OC) Mean Total Total Total 
relative sunshine evaporation rainfall 

Max. Min. humidity (hours) (mm) (mm) 
(%) 

Jun. 1993 30.0 24.1 85.9 156.7 95.9 391.3 

Jui. 1993 28.3 22.5 87.6 100.1 93.3 224.2 

Aug. 1993 29.7 23.7 83.0 177.1 120.9 33.2 

Sep. 1993 32.7 22.9 81.0 221.5 121.4 78.8 

Oct. 1993 29.9 23.4 83.8 124.6 82.9 312.2 

Nov. 1993 28.8 22.4 87.2 169.6 71.4 434.3 

Dec. 1993 30.2 23.0 84.2 179.7 80.0 127.3 

Jan. 1994 30. <) 22.4 83.1 244.7 98.7 5.0 

Feb. 1994 31.0 23.2 77.7 241.9 102.8 24.0 

Mar. 1994 32.0 23.1 80.1 287.2 128.0 18.2 

Apr. 1994 31.3 24.6 81.9 239.2 116.0 71.8 

May. 1994 32.1 25.4 85.1 211.2 130.5 264.2 



Appendix II. Soil characteristics of the experimental site 

A. Mechanical composition 

l. Coarse sand 14.00 % 

2. Fine sand 34.00 % 

3. Silt 12.00 % 

4. Clay 40.00 % 

B. Chemical composition 

l. Available nitrogen 163.07 kg ha- 1 

2. Available phosohprus 54.32 kg ha- 1 

3. Available potassium 51.52kg ha- 1 

4. Organic carbon 0.52 % 

5. pH 5.95 
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ABSTRACT 

Two field experiments were conducted at the Instructional Farm, 

College of Agriculture, Vellayani, Thiruvananthapuram, to study the 

performance of intercrops in a mature coconut garden. The study was 

conducted for two years from June 1992 to May 1994. In the first experiment, 

the effect of nutrients, moisture and light on the productivity of intercrops, 

uptake of nutrients, quality of produce, soil properties and economics were 

studied. The effect of five cropping systems with two doses of fertilizers 

along with a control were tried in Randomised Block Design with three 

replications. In the second experiment, the interspecific root competition was 

studied using the radiotracer technique. The absorption of 32p by component 

crops in mono and mixed crop situation were investigated. 

Plant characters such as height and leaf area of intercrops were not 

influenced by cropping systems and different doses of fertilizers applied to 

intercrops. 

The results show that cassava can be raised along with banana, elephant 

foot yam and vegetable cowpea successfully under the partial shade of coconut. 

Half the recommended dose of Nand P and full dose of K was found 

sufficient to the intercrops grown in coconut garden. 



The total dry matter production of economic produce of intercrops 

was not varying much by cropping systems and fertilizer doses probably 

hecause of the suhstitution effect. 

The highest uptake of NPK by intercrops was recorded in cropping 

system, coconut + cassava + banana (C4) followed by coconut + cassava + 

banana + elephant foot yam + vegetable cowpea (C5). 

The soil moisture status was not altered by raising different intercrops 

in coconut garden. 

Cassava received only 75% of PAR in the cropping system compared 

to open and there was a corresponding decrease in tuber yield also. 

Highest net income was obtained from coconut + cassava + banana 

+ elephant foot yam + vegetable cowpea cropping system. 

Radiotracer studies using 32p showed that, cassava can be raised as 

an intercrop in coconut, without much competition for nutrients. Banana can 

be grown in association with coconut without any adverse effect on banana 

nutrition. Cassava + banana, elephant foot yam + banana and cassava + 

. elephant foot yam are ideal combinations of intercrops which can be raised in 

coconut garden without any competition for nutrients. 

From the results, it can be concluded that cassava, banana, elephant 

foot yam and vegetable cowpea can be raised successfully and economically 

as intercrops in mature coconut garden applying half the recommended dose 

of Nand P and full dose of K without much competition for nutrients, 

moisture and light. 
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