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The present investigation revealed that among the mulched and non mulched 

treatments, plastic mulch recorded comparatively higher yield attributes and higher 

economic returns in tomato (2.66), chilli (1.25), brinjal (2.55) and bitter gourd (4.85) 

when raised as intercrops in the kinnow orchard.  
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“kk[kkvkss dh la[;k ]izfr ikS/ks Qyks dh la[;k izFke iq’iu dh fnol dh 50 izfr”kr iq’iu ds 

fy, yxs fnol dh la[;k ] iRrh  {ks= iks’kd rRo mnxzgj.k  u=tu : LQqj vkSj iksVk”k 

izFke Qly dh dVkbZ ds fy, vf/kdre fnol izksVhu izfr“kr ] dqy Bksl foy; foVkfeu lh-

] izfr ikS/ks iSnkokj vkSj izfr gsDVs;j iSnkokj ij nqljs ?kVdks lg lEca/k ch- : lh- vuqikr ds 

Hkh lEcaf/kr vkadM+ks ds lkj izLrqr fd;k tk jgk gSA vkdM+ks ds voyksdu esa iyokfjr VekVj 

Hkw[k.M vf/kdRke ikS/ks dh ÅWapkbZ ¼59-85 ls-eh-½ izfr ikS/ks “kk[kkvks dh la[;k ¼26-53½ izfr ikS/ks 

Qyks dh la[;k ¼43-93½] izFke iq’iu esa yxs fnol dh la[;k ¼61½] iRrh {ks= ¼16-69 ls-eh-½ 

iks’kd rRoksa dk xzg.k ¼123-26 : 14-21 vkSj 110-81 fdyks xzke izfr gsDVs;j u=tu : LQqj 

vkSj iksVk”k ds dze”k ½ izFke Qly dVkbZ fnol ¼7-75 izfr”kr ½] dqy Bksl foy; ¼4-56½ 

foVkfeu &lh ¼25-08 fe-xzk- izfr 100 xzke½ ] izfr ikS/k iSnkokj ¼130-33 fDoaVy½] izdV djrk 

gSA iyokfjr fepZ Hkw[k.M esa vf/kdre ikS/ks dh ÅWapkbZ ¼60-64 ls-eh-½ izfr ikS/k “kk[kkvks dh 

la[;k ¼37-47½] izfr ikS/ks Qyksa dh la[;k ¼58-73 ls-eh-½] izFke iq’iu yxs fnol dh la[;k ¼35-

67½ 50 izfr”kr iq’iu esa yxs fnol dh la[;k la[;k ¼55-67 ls-eh-½] iRrh {ks= ¼62-46 ls-eh-½] 

iks’kd rRo dh xzg.k ¼74-65 : 13-04 vkSj 74-44 fdyks xzke izfr gsDVs;j u=tu : LQqj vkSj 

iksVk”k ds dze”k ½ izFke Qly dVkbZ fnol ¼76-67½ izksVhu izfr”kr ¼2-80 izfr”kr½] dqy Bksl 

foys; ¼4-37 izfr”kr½] foVkfeu & lh ¼120-04 fe-xzk- izfr xzke½] izfr ikS/k iSnkokj ¼3000 xzke 

½] vkSj iSnkokj ds egk;ksx izfr gsDVs;j ¼30 fDoaVy½ vfHkys[kc) fd;k x;k FkkA iyokfjr 

cSaxu ds Hkw[k.M ij fuEufyf[kr vfHkys[kc) fd;k x;k FkkA vFkkZr ikS/kks dh ÅWapkbZ ¼52-61 ls- 

eh-½] izfr ikS/k “kk[kkvks dh la[;k ¼21-53½] izfr ikS/ks Qyksa dh la[;k ¼11-73 ls-eh-½] izFke iq’iu 

yxs fnol dh la[;k ¼42-33½] 50 izfr”kr iq’iu esa yxs fnol dh la[;k  ¼61-0 ls-eh-½] iRrh 

{ks= ¼57-66 ls-eh-½] iks’kd rRo dh xzg.k ¼ 222-22 : 33-34 vkSj 107-99 fdyks xzke izfr 

gsDVs;j u=tu : LQqj vkSj iksVk”k ds dze”k ½ izFke Qly dVkbZ fnol ¼77-33 ½ izksVhu 

izfr”kr ¼15 izfr”kr½] dqy Bksl foys; ¼5-27 izfr”kr½] foVkfeu &lh ¼15-41 fe-xzk- izfr xzke½] 

izfr ikS/k iSnkokj ¼20000 xzke ½] vkSj iSnkokj dk egk;ksx izfr gsDVs;j ¼200 fDoaVy½  tcfd 

iyokfjr djsyk ds Hkw[k.M esa vf/kd ikS/k dh dh ÅWapkbZ ¼191-51 ls-eh-½ izfr ikS/k “kk[kkvks dh 

la[;k ¼29-67½] izfr ikS/ks Qyksa dh la[;k ¼42-27 ls-eh-½] izFke iq’iu yxs fnol dh la[;k ¼66-

33½] 50 izfr”kr iq’iu esa yxs fnol dh la[;k la[;k ¼86-67 ls-eh-½] iRrh {ks= ¼43-15 ls-eh-½] 
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iks’kd rRo dh xzg.k ¼47-67 : 7-63 vkSj 41-20 fdyks xzke izfr gsDVs;j u=tu : LQqj vkSj 

iksVk”k ds dze”k ½ izFke Qly dVkbZ fnol ¼95-67½ izksVhu izfr”kr ¼1-62 izfr”kr½] dqy Bksl 

foys; ¼1-34 izfr”kr½] foVkfeu &lh ¼46-21 fe- xzk- izfr xzke½] izfr ikS/k iSnkokj ¼10666.67 

xzke ½] vkSj iSnkokj dk egk;ksx izfr gsDVs;j ¼101-66 fDoaVy½ vfHkys[kc) fd;k x;k FkkA 

fQj Hkh fcuk iyokfjr Hkw[k.M ds vkdM+s rqykRed :Ik ls pkjksa Qly vFkkZr VekVj] fepZ] 

cSaxu vkSj djsyk esa fuEu iznf”kZr gks jgs FksA 

orZeku vuqla/kku ;g [kqyklk djrk gS fd ;fn fdUuks Qyks m|ku esa vUrorhZ; 

Qly mxkkrs gS rks iyokj vkSj fcuk iyokj mipkj ds e/; esa rqyukRed :Ik ls vf/kdre 

iSnkokj vkSj vf/kdre vfFkZd equkQk VekVj ¼2-66½] fepZ ¼1-25½] cSaxu ¼2-55½] vkSj djsyk ¼4-

85½ IykfLVd iyokj esa vfHkys[kc) fd;k x;k FkkA 

   

 

 

 

 

  

    

 

 

 

 

  

 

 

 

 

 

 



CHAPTER -1 

            INTRODUCTION 

Vegetables are the fresh and edible portions of herbaceous plants. They are 

important food and highly beneficial for the maintenance of health and prevention of 

diseases. They contain valuable food ingredients which can be successfully utilized 

to build up and repair the body. They are valued mainly for their high carbohydrates, 

vitamin and mineral contents. India produces 168.300 million tonnes of vegetables 

from an area of 95.41 million hactare (Horticulture Statistics Division, 2015).  

Kinnow is a high yield mandarin hybrid cultivated extensively in the wider 

Punjab region of Pakistan and India. It is a hybrid of two citrus cultivars King 

(Citrus nobilis) × Willow Leaf (Citrus × deliciosa) first developed by Howard B. 

Frost at the University of California Citrus Experiment Station. After evaluation, the 

kinnow was released as a new citrus hybrid for commercial cultivation in 1935. In a 

hot climate, plants can grow up to 35 feet high Kinnow trees are highly productive. 

It is not uncommon to find 1000 fruits per tree in usual (Rattanpal et al., 2008). In 

India, Kinnow is being grown in Punjab, Rajasthan, Haryana, Himachal Pradesh, 

Jammu & Kashmir and Uttar Pradesh. 

Intercropping refers to growing two or more dissimilar crops simultaneously 

on the same piece of land, crop intensification is in both time and space dimensions.  

It also helps the farmers for having a stable production and maintaining the soil 

fertility level. Intercropping between high and low canopy crops is a common 

practice in tropical agriculture and to improve light interception and hence yields of 

the shorter crops requires that they be planted between sufficiently wider rows of the 

taller once. Intercropping is advantageous when intercrop combinations make better 

use of growth factors and thus produces more yield than monocultures. According to 

Timbilla and Nyako (2001) intercropping increased the grain yield by 70% over sole 

crop due to (i) better utilization of natural resources (ii) less incidence of pest, 

disease and weeds (iii) improved nitrogen economy where legume crop is present. 

  Mulching is the process or practice of covering the soil surface to make it 

more favourable for plant growth, development and efficient crop production. 
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Natural mulches such as leaf, straw, dead leaves and compost have been used for 

centuries, during the last 60 years advent of synthetic materials has altered the 

methods and benefits of mulching. The research as well as field data available on the 

effect of synthetic mulches make a vast volume of useful literatures. When 

compared to other mulches plastic mulches are completely impermeable to water; it 

therefore prevents direct evaporation of moisture from the soil and thus limits the 

water losses and soil erosion over the surface. In this manner it plays a positive role 

in water conservation. Plastic mulching suppresses completely the growth of weeds 

and hence increases the nutrient use efficiency considerably especially for net 

economic return. Plastic mulch is often used in conjunction with drip irrigation. In 

drip system, irrigation water is placed just near the crop root zone and if mulch 

material is placed on soil surface, upward flux of soil water is restricted and 

optimum supply of moisture to crop is maintained for longer period. The beneficial 

effects of plastic mulch for enhanced water and fertilizer utilization and weed 

control have been reported by Fortnum et al. (2000). Mulching minimizes the 

evaporation loss from soil surface and thus utilizes the conserved moisture for 

higher transpiration and improves yield and WUE of tomato (Agele et al., 2002).    

Black plastic mulch is the most popular colour used in commercial vegetable 

production, especially for weed control. As a blackbody absorber, this plastic 

absorbs most incident solar radiation, including visible, infrared and ultraviolet 

light. Much of the thermal energy, however, is lost to the atmosphere through 

convection and re-radiation. Transferring of thermal energy to the soil can be 

optimized by maximizing mulch contact with the soil. Soil temperatures under black 

plastic during the daytime can be as much as 5ºF higher at a 2-inch depth and 3ºF 

higher at a 4-inch depth than bare soil at the same depths. 

Tomato (Solanum lycopersicon L.) is one of the most popular and versatile 

cash earning vegetable crop and plays a vital role in culinary purposes for its 

nutrients, delicious taste and various modes of consumption i.e. fresh as salads, 

cooked vegetables and its utilization in preparation of range of processed products 

such as puree, paste, powder, ketchup, sauce, soup and canned whole fruits. It is 

universally treated as ‘protective food’ and is being extensively grown as an annual 
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plant all over the world. It is a very good source of income to small and marginal 

farmers and contributes to the nutrition of the consumers. It is the second most 

important vegetable crop next to potato in the world in terms of acreage and 

production. In India, tomato is cultivated in about 791 thousand hectares area with 

the production of 173.98 t ha
-1

 (Horticulture Statistics Division, 2015). In 

Chhattisgarh also, tomato is one of the top ranking vegetable and is estimated to be 

grown on about 414.440 hectares area comprising three leading districts of the state 

viz. Bilaspur 74.05 ha, Jashpur 51.43 ha and Durg 44.10 ha (Directorate of 

Horticulture, 2015).   

Brinjal (Solanum melongena L.) is a common vegetable crop grown in the 

sub-tropics and tropics. It is called eggplant in USA and aubergine in Europe. It is 

adapted to a wide range of climatic conditions. Dry fruit is reported to contain 

goitrogenic principles. Brinjal fruits are good source of vitamin-B. It is essentially a 

warm weather crop which is grown extensively in India, Bangladesh, Pakistan, 

China, Japan, and the Philippines. It is also grown in Egypt, France, Italy, and the 

United States. The early inhibitions to its consumption by certain population groups 

could be because of the suspicion of the presence of anti-nutritional/poisonous 

substances. It is being produced in 14.76 million tons from an area of 23.63 million 

hectare (Horticulture Statistics Division, 2015). Chhattisgarh produces nearly 

606.711 metric tonnes of brinjal from an area of 334.21 hectares whereas; Jagdalpur 

region of Bastar produces 124.00 metric tons from an area of 77.5 hectares 

(Directorate of Horticulture, 2015).  

  Chilli (Capsicum annuum L.) is an important spice crop belonging to the 

family Solanaceae. Chilli is widely cultivated throughout the warm temperature of 

tropical and sub-tropical countries and is a native to Mexico. It was introduced to 

India during 17th century by Portuguese. Chilli used in every Indian cuisine due to 

its pungency, spicy taste, appealing odour and flavours. Its fruits are rich source of 

vitamin C, A and E. Nearly 19.83 million tons of it is being produced from an area 

of 17.0 million hectare (Horticulture Statistics Division, 2015). Chhattisgarh 

produces 640.027 metric tonnes of chilli from an area of 911.15 hectares. The region 

in Bastar produced 119.07 metric tons of chilli from an area of 10.85 hectares 
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(Directorate of Horticulture, 2015). Vegetables could be a good proposition for 

growing in combination with chilli grown for green fruits under irrigated conditions. 

Bitter gourd (Momordica charantia L.) is grown for its bitter tender fruits. It 

is a rich source iron. It can be canned and pickled. As well the bitter gourd slices can 

be dried and used as a vegetable as and when required. India produces 12.40 million 

tons of bitter gourd from an area of 12.2 million hectares (Horticulture Statistics 

Division, 2015). Chhattisgarh produces 130.772 metric tons from an area of 103.85 

hectares whereas Jagdalpur region of Bastar produces 31.00 metric tons from an 

area of 31.0 hectares (Directorate of Horticulture, 2015).  

Yield advantage occurs in intercropping system because component crops 

differ in their use of growth resources in such a way that when they are grown in 

combination they are able to complement each other and so make better overall use 

of resources than when grown separately. The main reasons for higher yields in 

intercropping is that the component crops are able to use natural resources 

differently and make better overall use of natural resources than grown separately. 

Whereas with mulching the suppression of evaporation also has a supplementary 

effect; it prevents the rise of water containing salt, which is important in countries 

with high salt content water resources. 

Keeping the above points in view “Effect of mulching on vegetables as 

intercrop in the Kinnow orchard under agro-climatic condition of Bastar 

plateau of Chhattisgarh.”  has been undertaken with the following objectives: 

1) To study the effect of mulching on yield & yield attributing characters of 

intercrop. 

2) To identify the best suited intercrop for Kinnow orchard. 

3) To study the economics (C: B) of the treatments. 
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                                                            CHAPTER-II 

REVIEW OF LITERATURE 

Intercropping is as system of growing two or more crops in the same piece of land 

which aim at reducing the risk of crop failures in agriculture. There are different 

kinds of intercropping followed in different parts of the country since a long period. 

The crop yield is the function of various production technologies and intercropping 

is known to influence it up to a good extent. In this chapter an attempt has been 

made to review the available literature on effect of different intercrops and their 

impact on production of tomato, brinjal, chilli and bitter gourd in India and abroad 

under following heads: 

2.1    To study the effect of mulching on yield & yield attributing characters of   

intercrop. 

2.2     To identify the best suited intercrop for Kinnow orchard.  

2.3     To study economics (C: B) of the treatments. 

2.1     Effect of mulching on yield & yield attributing characters of intercrop. 

Hundal et al. (2000) reported that concentration of nitrogen and phosphorus 

and nutrient uptake was significantly higher in mulched plots over unmulched plot 

which was attributed to the stimulating effect of mulches on above ground growth of 

tomato plants.  

Singh et al. (2001) evaluated the effect on crop yield and economic potential 

of intercropping  potato cv. Kufri Badshah, cauliflower, cabbage, knol-khol, turnip, 

carrot or radish with autumn- planted sugarcane were determined in a field 

experiment. Intercropping of potato with sugarcane improved cane yield by 6.12 

percent and resulted highest net returns (Rs. 72.808/ha). 

Kannan et al. (2001) observed that, when intercrops of vegetable cowpea 

(Vigna unguiculata), cluster bean (Cyamopsis tetragonoloba) cv. Pusa Navbahar, 

okra (Abelmoschus esculentus) cv. Parbhani Kranti, aggregatum onion (Allium cepa 

var. aggregatum) cv. CO-4 and  amaranthus (amaranthus viridis)  cv. CO-3 were 

5



tested in Elephant Foot Yam based intercropping during the first season, the highest 

tuber yield was recorded from the elephant foot yam intercropped with vegetable 

cowpea, although the yield of the sole crop was at par with this result. However, 

during the second season, intercropping Elephant Foot Yam with vegetable cowpea 

recorded statistically superior yields than sole cropping. 

Prasad et al. (2001) reported that cultivation of Fenugreek as an intercrop in 

1:1 or 2:1 ratio increased the potato yield by about 2.5 t ha
-1

 when no cut of 

fenugreek as a fresh vegetable was made. Taking a cut of fenugreek as a fresh 

vegetable reduced the potato tuber yield compared to no cut but potato equitant 

values were obtained closely for the 1:1 ratio intercrop followed by the 2:1 intercrop 

system. 

Awasthi et al. (2006) showed that the significant variation in soil moisture 

percentage (30 cm below the mulch) in September- November was recorded under 

black polyethylene and conserved 46-50% more moisture. Fruit yield/plant was 84 

and 77% more under black and white polyethylene mulches. Among the organic 

mulches, fruit yield/plant as compared to control was 66 and 58% more under 

mulches of lasoda leaf and kheep clippings respectively. Fruit quality parameters 

were significantly influenced by mulch treatments. Fruit size and moisture content 

was maximum under black and white polyethylene mulches. Ascorbic acid, acidity, 

β-carotene and vitamin-content were higher under lasoda leaf mulch. 

Suresha et al. (2007) observed the effect of different intercrops viz., radish, 

carrot, onion, garlic, cluster bean and dolichos bean on chilli. Significantly the 

highest (75.16 q ha
-1

) yields were obtained in sole chilli. Yield of chilli varied with 

different intercropping systems. Radish + chilli intercropping system results in 

realization of significantly the highest (72.05 q ha
-1

) yield in chilli followed by chilli 

+ carrot (70.77 q ha
-1

). On the contrary 'chilli + cluster bean' resulted in lower yield 

of 64.43 q ha
-1

.  

Firoz et al. (2009) reported the highest yield (21.43 t ha
-1

) was obtained from 

plant where mulch was given one month before planting. Among three planting 

times, the highest yield (15.27 t ha
-1

) was obtained from 01 October planting. In case 
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of combined effect, mulching one month before planting with 01 October planting 

produced the highest yield (28.06 t ha
-1

) of tomato in hill slope. 

Khambal et al. (2009) revealed that the treatment transparent polythene 

recorded significantly superior total uptake of N, P and K by okra plant over no 

mulch, straw mulch and black mulch. 

Ashrafuzzaman et al. (2011) observed that the different mulches generated 

higher soil temperature and soil moisture under mulch over the control. Transparent 

and blue plastic mulches encouraged weed population which were suppressed under 

black plastic. Plant height, number of primary branches, stem base diameter, number 

of leaves and yield were better for the plants on plastic. At the mature green stage, 

fruits had the highest vitamin-C content on the black plastic. Mulching produced the 

fruits with the highest chlorophyll-a, chlorophyll-b and total chlorophyll contents 

and also increased the number of fruits per plant and yield. However, mulching did 

not affect the length and diameter of the fruits and number of seeds per fruit. Plants 

on black plastic mulch had the maximum number of fruits and highest yield. Thus, 

mulching appears to be a viable tool to increase the chilli production under tropical 

conditions. 

Madhumathi et al. (2013) observed that  the significantly higher number of  

fruits per plant (33.31), yield per plant (1.25kg), fruit size (length, diameter and 

volume), fruit weight (42.63 g), pulp content (54.01%), ascorbic acid (20.81 mg/100 

g pulp) and number of seeds per fruit (192.21) over other dates of planting. Among 

the treatment combinations Pusa Ruby planted on October 15th emerged as the best 

combination with regard to fruit quality and seed characters. 

Singh et al. (2013) reported the different synthetic and organic mulches in 

brinjal grown as ground storey crop with aonla was studied with respect to soil-

hydrothermal regimes, growth, fruit yield and quality parameters. A significant 

variation in soil moisture percentage (30 cm below the mulch) in September- 

November was recorded under black polyethylene and conserved 46-50% more 

moisture. Fruit yield/plant was 84 and 77% more under black and white 

polyethylene mulches. Fruit quality parameters were significantly influenced by 
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mulch treatments. Fruit size and moisture content was maximum under black and 

white polyethylene mulches.  

Ali et al. (2014)  results obtained indicated that growth and yield of tomato 

was lowest in control treatments which showed that the organic manure and sowing 

date used in the study especially poultry manure and sowing date of 5th February, 

2013 promoted the yield of tomato. Poultry manure and sowing date 5th February, 

2013 enhanced tomato vine length, number of leaves plant
-1

, number of branches 

plant
-1

, number of flowers plant
-1

, number of fruits plant
-1

, fruit weight plant
-1

, fruit 

yield plot
-1

 and fruit yield hectare
-1

 compared to control treatments. There was no 

significant effect with respect to leaf area plant
-1

, number of fruits plant
-1

 and fruit 

weight plant
-1

. 

Tipu et al. (2014) observed that rice husk mulch was found superior to 

sawdust, garden leaves and black polyethylene mulch in producing higher yield of 

tomato. Higher number of fruits per plant and maximum yield was recorded with 

rice husk which was 17.93% higher than the control (without mulch). BARI Tomato 

14 in combination with rice husk produced highest yield (79.74 t ha
-1

) highest TSS 

(6.67). 

Singh et al. (2014) reported the effect of organics on growth yield and 

biochemical parameters in chilli having different 7 treatment of FYM, 

Vermicompost and Biofertilizers (Azospirillum + PSB) ware applied. The results 

show that better plant height , number of leaves, number of branches, number of 

flower, number of fruit, fresh weight and dry weight per plant consisting of 

treatment FYM (12.5t/ha) + Vermicompost (2.5t ha
-1

) + Biofertilizer (@2.5kg/ha 

Azospirillum + PSB) The biochemical parameters like the Chlorophyll a, and b, 

carotenoid, protein and abscorbic acid were recorded maximum in with organics 

FYM (12.5t ha
-1

) + Vermicompost (2.5t ha
-1

) + Biofertilizer (@2.5kg ha
-1

 

Azospirillum + PSB. 

Bhujbal et al. (2015) observed that the growth and yield of tomato were 

significantly higher in black colour on silver polythene mulch followed by silver 

colour on black polythene mulch and transparent polythene mulch. 
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Banjara et al. (2015) reported the effect of three mulch treatments [namely 

black plastic mulch, paddy straw mulch and without mulch] with two days irrigation 

interval. The result showed that the amount of water significantly affected the 

number of fruits per plant, average weight of fruits and total fruit yield ha
-1

. 

Significant difference was also observed between black plastic mulch and without 

mulch treatments on number of fruits and total fruit yield/ha. 

Singh et al. (2015) the result revealed that the growth parameters and yield 

attributing traits were significantly influenced by different planting dates and 

sources of nutrients. Planting on September 15 (D1) recorded the highest plant 

height (254.95 cm), number of leaves per plant (33.47), fruits per plant (80.39), fruit 

length (6.75 cm), fruit girth (5.53 cm), mean fruit weight (124.26 g), yield per plant 

(10.39 kg), yield per plot (42.44 kg) and TSS (5.55 ºB) content over later date of 

planting. The plants treated with 50% RDF +10 t ha FYM + 5 t ha poultry manure + 

bio fertilizer showed maximum number of leaves per plant (36.88), fruits per plant 

(74.69), fruit length (6.85 cm), mean fruit weight (134.33 g), yield per plant (10.77 

kg), yield per plot (38.90 kg) and ascorbic acid content (40.02 mg/100g) over 

treatment having 100% RDF alone. Among interaction the plants planted on 15th 

September along with 50% RDF +10 t haFYM + 5 t ha Poultry manure +bio 

fertilizer resulted better yield and quality traits. 

Varghese et al. (2015) observed that tomato and brinjal are the two major 

crops having significant scope for increasing the production by using these 

technologies. Nitrogen and potassium are important to the plants and at the same 

time these fertilizers are very costly. Application of these fertilizers through drip 

ensures proper utilization and results in better yield. Plastic mulching when used 

along with drip and fertigation controls weeds and further increases the efficiency of 

the system. 

Chaurasiya et al. (2016) observed that the black polyethylene mulch was 

significantly superior, covers high yielding and good quality of fruits followed by 

paddy straw mulch and without mulch. The fertilizer 80% RD through fertigation 

gave maximum fruit yield followed by 100% RD through fertigation with maximum 

plant height and number of leaves. 
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Prajapati et al. (2016) reported that the  treatment T2 (hand weeding at the 

interval of 15 days)  recorded maximum growth and yield viz., plant height, number 

of branches per plant, days of first flowering, number of flowers per plant and 

fruiting span, number of fruits per plant, fruit length, fruit weight, fruit yield per 

plant and fruit yield per plot followed by treatment T9 (three hand weeding at 15,30 

and 45 days after transplanting + back polythene mulch (50 μ) and T10 three hand 

weeding at 15, 30 and 45 days after transplanting + white polythene mulch (50 μ) 

over control T1.  

Singh et al. (2017) observed that the significantly highest fruit yield of 10.9 

kg m
2
 was obtained in M7 i.e. double shaded plastic mulch and was statistically at 

par with M6 i.e. black colour plastic mulch (10.2 kg m
2
). Mulch showed significant 

variation in a number of fruits/plant. M7 i.e. double shaded plastic mulch (40.4) 

remained statistically at par with M6 (39.5) and M1 (38.6) produced significantly 

more number of fruits plant
-1

. Significantly highest net returns (Rs.147.6 m
-2

) were 

observed in M7, as compared to other mulches. 

2.2   To identify the best suited intercrop for Kinnow orchard. 

Varghese (2000) studied the sustainability of cabbage based intercropping 

system on the basis of response on indices of sustainability such as growth, yield, 

quality, crop nutrient uptake, soil fertility changes, with cabbage + radish followed 

by cabbage + spinach in comparison to monoculture cabbage, indicating the 

superiority of intercropped cabbage over a sole crop. These observations warrant a 

strong potential of improving vegetable production through intercropping on a 

sustained basis using a compatible cropping strategy. 

Yildirim and Guvenc (2003) studied the effect of different intercropping 

systems on growth, some mineral contents and yield of cauliflower under field 

conditions in 2000–2002. In addition, land equivalent ratio (LER) as an index of 

intercropping advantage was determined to assess the efficiency of different 

cropping systems. LER values were always more than 1 in intercropping systems. 

The study showed that cauliflower based intercrop treatments might provide the 

highest total yield as well as profitability. 
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Hussain (2003) conducted a research work at Horticultural Research Farm, 

Mackinder, NWFP Agricultural University, Peshawar (Pakistan) during 1998-2000 

to study the effect of intercropping on growth, yield and economic dynamics of 

vegetables in summer and winter vegetables. In summer, tomato was intercropped 

with okra, potato, com, chilli and eggplant whereas among winter vegetables, pea 

was tested in combination with cauliflower, potato, lettuce, radish, turnip, coriander 

and spinach. This combination gave significantly highest land equivalent ratio 

(1.54), followed by yield of pea and potato (1.45). The pea + lettuce combination 

recorded lowest value of LER (1.16). 

Patil et al. (2004) conducted a field study at Regional Fruit Research Station, 

Ganeshkhind, Pune during the kharif seasons of 1993-94,1994-95 and 1995-96 on a 

cabbage based intercropping system and observed that cabbage + radish recorded 

highest LER (1.57) value followed by cabbage + methi (1.38). Cabbage + coriander 

system recorded lowest value (1.28) for LER. 

Tiwari et al. (2013) reported that the intercrops were grown with different 

intercropping systems like mono, companion and sequential are pigeon pea, tomato, 

cluster bean, okra, black gram, soybean, cowpea, maize, mustard, coriander and 

bengal gram. The results of two years of investigation indicated that number of fruits 

was maximum in mango with companion intercropping system of pigeonpea + 

soybean followed by sequential intercropping system of cowpea - bengal gram did 

not differ significantly. Fruit length, fruit diameter and fruit weight was also highest 

with companion intercropping system of pigeon pea + soybean closely followed by 

sequential intercropping system of cowpea-bengal gram. Fruit quality of mango did 

not significantly differ among the intercrops treatment. Nitrogen concentration in the 

orchard soil was improved due to growing of leguminous crops while phosphorus 

and potassium were depleted in all the cases. 

2.3 To study economics (C: B) of the treatments. 

Singh et al. (2000) obtained the highest gross and net returns in potato + 

wheat intercropping compared to sole cropping of either crop. The lowest gross and 

net returns were obtained with wheat sole crop. The higher cost- benefit ratio was 
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with wheat sole crop (3.64) followed by wheat + potato (2.68) and potato sole crop 

(2.47). Potato sole crop had 7.3 percent more yield that the intercrop of potato + 

wheat. A mean reduction of 44.89 percent in wheat yield was obtained when wheat 

was intercropped with potato after ear thing up. 

Adeniyi (2001) reported that an intercropping of tomato + okra produced a 

favourable 8:1 benefit cost ratio and increased net returns of between 8.9 and 85.1 

percent ha
-1

 above other treatment hence its recommendation as a modest cultural 

practice. 

Singh et al. (2002) suggested that intercropping of potato with maize resulted 

in the highest gross return of Rs. 73019 ha
-1 

and net return of Rs. 46119 ha
-1

. 

Potatoes were planted on top of the ridge and maize on the slope of the ridge at a 

row to row distance of 0.80 m row distance and maize in furrows. 

Nemagouda (2004) reported that intercropping of vegetables viz., cluster 

bean, onion and chilli in cotton increased the gross as well as net returns compared 

to sole cotton. 

Koli et al. (2003) observed that the intercropping system of red gram + 

cluster bean recorded significantly higher monetary returns (Rs.19, 419 ha
-1

) as 

compared to standard check with sole red gram (Rs.10, 820 ha
-1

) 

Koli et al. (2004) conducted at dry farming research station, Sholapur 

revealed that intercropping of castor + cluster bean in 1:2 row proportion and castor 

+ ridge gourd intercropping were remunerative on inceptisols under dry land 

conditions. 

Kumar et al. (2005) revealed that intercropping of maize and cowpea in the 

row proportion of 2:2 recorded significantly higher net returns (Rs.8346/ha) over 

other treatments. However, B: C ratio of sole maize was higher (1.78) but it was at 

par with maize + cowpea planted in the row ratio of 2:1 and 2:2.  

Singh et al. (2009) reported that drip irrigation to tomato at 80% ET resulted 

in higher net return (Rs 34431 ha
-1

) and B: C ratio (1.76) compared to 100 and 60% 

ET. However, net return (51386 ha
-1

) and benefit cost ratio (2.03) were further 
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increased when drip irrigation in tomato was given at 80% ET was coupled with 

polyethylene mulch compared to other treatments. 

Aladakatti et al. (2010) revealed that cotton + sunflower intercropping 

system in 2:1 row proportion resulted in significantly higher net income of 16,582 

ha
-1

 with a benefit cost ratio of 2.09, compared to other intercropping systems and 

sole cotton (8620 ha
- 1

 and 1.65 respectively). Intercropping of sunflower in cotton 

in 2:1 row proportion found remunerative over sole cotton and intercropping of 

castor or sesamum in cotton with different row proportions. 

Tiwari et al. (2013) observed that the economic analysis was also carried out. 

Highest net return was calculated from mango + (pigeonpea + tomato) combination 

(Rs. 81077.50) followed by mango + cowpea-bengal gram (Rs. 71,677.13) and 

mango + tomato (Rs. 67,034.38). 

Prajapati et al. (2016) reported that the maximum gross return was obtained 

from treatment T2 167080. The maximum net profit of  1,16,080 per ha was obtained 

under treatment combination T2 (hand weeding at the interval of 15 days) which was 

closely followed by treatment combination T8 (three hand weeding at 15, 30 and 45 

days after transplanting + soybean straw mulch) with net profit of  82,500 per ha. 

The minimum net profit was found in treatment T12 (paddy straw mulch + black 

polythene mulch (50 μ) with net profit of 9,980 per ha and the economics of various 

treatment combinations with 3.28 BC ratio over control. 

Singh et al. (2017) observed that the significantly highest fruit yield of 10.9 

kg m
-2

 was obtained in M7 i.e. double shaded plastic mulch and was statistically at 

par with M6 i.e. black colour plastic mulch (10.2 kg m
-2

). Mulch showed significant 

variation in a number of fruits plant
-1

. M7 i.e. double shaded plastic mulch (40.4) 

remained statistically at par with M6 (39.5) and M1 (38.6) produced significantly 

more number of fruits plant
-1

. Significantly highest net returns (Rs.147.6 m
-2

) were 

observed in M7, as compared to other mulches. 
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CHAPTER- III 

                                                 MATERIALS AND METHODS 

The investigation entitled “Effect of mulching on vegetables as intercrop 

in the Kinnow orchard under agro-climatic condition of Bastar plateau of 

Chhattisgarh.” was conducted during the year 2016-17 at Instructional farm 

College of Horticulture and Research Station, Jagdalpur (C.G.).This chapter deals 

with brief descriptions of the materials adopted and methods used during the course 

of investigation. 

3.1 Experimental Site 

The experiment was conducted in the year 2016-17 at Instructional farm 

College of Horticulture and Research Station, Jagdalpur (C.G.). 

3.2 Geographical Situation 

Chhattisgarh state is located between 17
0
30‟ and 24

0
45‟ N latitude and 

70
0
30

‟ 
and 84

0
15‟ E longitude. Whereas, Bastar lies at  19

0
10‟ N latitude and 81

0
95 

E longitude with an altitude of 552 meter above the mean sea level. Kumhrawand is 

located at Bastar district that lies at 19
0
05‟N latitude and 81

0
57‟E longitude. It has 

an average elevation of 552 meters.  

3.3 Climate and weather conditions 

The region comes under sub-humid climate. The average annual rainfall of 

the area is 1544 mm. Weekly temperature (maximum and minimum), open pan 

evaporation and rainfall of 2016- 2017 were recorded from the meteorological 

observatory of Agro-meteorology Department, S.G.C.A.R.S. Jagdalpur. The 

investigation period received rainfall of 194.5 mm. The weather condition prevailed 

during the field experiment are given in the appendix A and presented in figure 3.1. 
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3.4 Soil Characteristic 

For the assessment of various physico-chemical properties of the experiment 

site, surface soil sample (0-15cm) were collected randomly with the help of auger 

and a respective composite sample was prepared. The soil was analyzed for its initial 

characteristics as per the methods mentioned below and some important physico-

chemical properties of the soil are given in Table 3.1 

Table 3.1 Physico-chemical properties of soil 

S.N. 
SOIL 

PROPERTIES 
VALUES CLASSIFICATION 

    

1 
Mechanical 

composition 
  

 Sand % 52  

International pipette method (Jackson, 

1979). 

 

 Silt % 26 

 Clay % 22 

 Texture classes 
Sandy 

loam 
 

2 Soil pH (1:2:5) 5.75 
(Glass electrode pH meter; Piper, 

1967). 

3 EC (dSm
-1

) 0.10 (Solubridge method; Black, 1965). 

4 Organic carbon (%) 0.23 
(Walkley and Black‟s rapid titration 

method; Black, 1965). 

5 Available N (kg ha
1
) 181.56 

(Alkaline potassium permanganate 

method; Subbiah and Asija, 1956). 

6 Available P   (kg ha
1
) 11.55 

(Olsen „modified method; Jackson, 

1967). 

7 Available K  (kg ha
1
) 176.04 

(Flame photometric method; Jackson 

1967). 

8 Available S   (kg ha
1
) 35.1 

(Turbiditimetric or Colorimetric 

method). 

9 Available Fe  (kg ha
1
) 7.95 

(DTPA extraction method using AAS; 

Lindsay and Norvell, 1978). 

10 Available Zn (kg ha
1
) 20.52 

(DTPA extraction method using AAS; 

Lindsay and Norvell, 1978). 

 

 

16



3.5 Experimental details 

     Crop                           :    Tomato, Chilli, Brinjal, Bitter gourd. 

     Treatment                   :     With mulch and without mulch. 

     Spacing                      :      90×50 cm (row x plant)     

Comparison of treatment has been done using T- test. Correlation & Regression has 

also been undertaken.                  

3.6 Field preparation  

The preparation of field was done by tractor-drawn M.B. plough followed by 

one cultivator, two cross-harrowing to pulverize the soil and finally the field was 

levelled with planter. Field was divided into plots according to treatments and 

replications. 

3.7 Crop and variety 

      Tomato   :  Pusa Ruby 

      Chilli   :  NS.1701 DG 

       Brinjal   :  VNR-212 

       Bitter gourd                     :  VNR-28 

 

3.8 Observation procedure  

The observations of different growth parameters and yield parameters were 

recorded on five randomly selected competitive plants from each plot in each 

replication. Percent emergence was recorded by counting the emerged plant up to 30 

days after planting. The method adapted to record different observations on growth 

as well as yield attributing traits. The characters under study were as follows: 

3.8.1. Plant height (cm) 

From each plot, five plants were randomly selected and stakes were fixed 

nearly each selected plant for recording observation. The height of the plant was 

measured with meter scale from ground level to top of main stem of the five tagged 

plants in cm at different stages of crop growth and averaged. 
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3.8.2. Number of branches plant
-1

  

The number of branches per plant was recorded from five randomly selected 

plant of each plot at the time of last picking and mean was presented as number of 

branches per plant.  

3.8.3. Leaf area (cm
2
) 

Numbers of leaves were also recorded on randomly selected five tagged 

plants in each plot at 45, 60 and 75 DAT. 

 

3.8.4. Number of fruits plant
-1

  

The number of fruits per plant was recorded in each plot from five randomly 

selected plants at marketable stage of fruits and mean value was calculated and 

averaged over replications.  

 

3.8.5. Days taken to 1
st
 flowering 

This was recorded as number of days from transplanting date to the date 

when 1
st
 plants of the plot bloomed and the mean value was calculated and averaged 

over replications.  

 

3.8.6. Days taken to 50% flowering  

This was recorded as number of days from transplanting date to the date 

when 50% plants of the plot bloomed and the mean value was calculated and 

averaged over replications.  

 

3.8.7. Days taken to 1
st
 harvesting  

Days to first fruit harvest was recorded as number of days taken from the 

date of transplanting to the date of first picking of edible fruits from randomly 

selected plants of each plot and mean value was calculated and averaged over 

replications.  

3.8.8. Yield plant
-1

 (g)  

Average weight of fruits was recorded on five fruits in gram from five 

randomly selected plants of each plot in each replication and then average fruit 

weight and mean value was calculated and averaged over replications.  
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3.8.9. Yield (q/ha) 

The fruit yield in q/ha was worked out with the help of the following formula:  

 

                   
                             

                           
         

3.8.10. Biochemical analysis  

3.8.11. Protein  

  Protein has been estimated by Lowry‟s Method (Lowry et al., 1951). Plant 

material was cut into small pieces (8-10 mm). After thorough mixing, representative 

sample weighing 0.5-1.0 g was extracted with 5 ml of 0.1 M phosphate buffer, pH 

7.5 using pestle mortar at 0-4o C (Extraction is generally carried out with same 

buffer used for the enzyme assay). Extracted material was transferred to centrifuge 

tube. Homogenate was centrifuged for 15 min. at 10,000 rpm at 4 0 C. Supernatant 

was decanted and residues were discarded. Equal volume of 15% TCA was added to 

the supernatant which precipitated the protein and solution was kept overnight at 

room temperature. The above solution was centrifuged at 3,000 rpm for 10 min. The 

supernatant was decanted and discarded. The precipitate was then dissolved in 0.1 N 

NaOH and its volume was made upto 10 ml with 0. 1N NaOH. This solution was 

used further for protein estimation. 

3.8.12. Vitamin C 

The ascorbic acid content was estimated by using the procedure given in 

A.O.A.C (1990) by using 2, 6-dichlorophenol indophenol sodium salt using the 

titration method (A.O.A.C., 1975) and expressed in mg per 100 g of fruit weight. 

 

Reagents 

 

Metaphosphoric acid solution (3%) 

Metaphosphoric acid (HPO3)                                15 g 

Glacial acetic acid                                                 40 ml 

Volume                                                                 500 ml 
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2, 6-dichlorophenol indophenol dye 

2, 6-dichlorophenol indophenols dye                   50 mg 

Sodium bicarbonate                                            42 mg 

Volume                                                               200 ml 

 

Preparation of standard ascorbic acid solution 

 

A quantity of 50 mg ascorbic acid was dissolved in metaphosphoric acid 

solution (3%) and the final volume was made to 50 ml by adding metaphosphoric 

acid. One ml of standard ascorbic acid solution was used to standardize the dye with 

appearance of pink colour as the endpoint. 

 

Estimation 

In a conical flask, 5 ml tomato juice was taken and diluted with 15 ml and a 

pinch of activated charcoal was added for the disappearance of red colour. It was 

then filtered through rough filter paper. The filtrate was further diluted with 3% 

metaphosphoric acid and final volume was made to 50 ml. In conical flask, 5 ml 

aliquot was taken and it was titrated against 2, 6- dichlorophenol indophenol dye. 

The endpoint was the appearance of pink colour persistent up to one minute. The 

ascorbic acid content was calculated using the following formula and results were 

expressed in mg of ascorbic acid per 100 g of fresh pulp weight. 

                                 

 Ascorbic acid (mg/100 g) = 

  
                                      

                                                                           
      

 Where, 

               Y is ml of 2, 6-dichlorophenol indophenol dye used. 

 

3.8.13. TSS (Brix ˚B) 

The firmly ripe fruits taken from five randomly selected plants from each 

treatment in middle of the total pickings per plot were cut into two pieces, their juice 

was directly dropped on the glass of hand refractometer and the reading on scale was 

recorded as percent total soluble solids. 
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3.8.14 N, P and K uptake at final harvest (kg ha
-1

):  

Plant samples collected for dry matter estimation at final harvest were used 

for analysis after grinding into fine powder. Nutrient uptake (N, P & K) of fruit was 

analyzed from the samples drawn from 6
th

 harvest.  

 

3.8.15. Nitrogen Content:  

Nitrogen content of plant samples was determined using method as described 

by Chapman and Pratt (1961). 0. 5 g uniform prepared plant sample was taken in 

digestion tube. Salt mixture (K2SO4 and CuSO4.5H2O in the ratio of 10:1) was 

added in the tube 10ml. of concentrated H2SO4 acid was added and material was 

digested at 350 0C in digestion block till the material becomes colourless. Then the 

nitrogen in digested material was distilled by automatic KEL plus system. 

 

3.8.16. Phosphorus Content:  

Phosphorus content was determined by vanadomolybdo-phosphoric acid 

yellow colour complex method as described by Jackson (1973). An aliquot of 10 ml. 

was taken, 10 ml. of vanado-molebdate yellow reagent was added and volume was 

made up to 50 ml. After half an hour colour intensity was measured by 

spectrophotometer. 

 

3.8.17. Potassium Content:  

Potassium content was determined by flame photometer as described by 

Chapman and Pratt (1961). An aliquot of 5 ml. was taken and made up to volume of 

25 ml. In volumetric flask and potassium content was determined by flame 

photometer. 

 

3.8.18. Uptake of nutrients:  

The uptake of N, P and K nutrients was calculated using the following 

formula and expressed in kg ha
-1

 

Uptake (kg
  
ha

-1
)   = 

 

     Per cent  Nutrient concentration  × Dry matter  

                                       100 
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3.8.19. Economics 

Cost of production for all treatment was worked out on the basis of the inputs 

used and market price existing for the produce. The net return ha
-1

 was calculated by 

deducting the cost of production ha
-1

 from the gross return ha
-1

. Ultimately, net 

return per rupees (Benefit: Cost ratio) was calculated treatment wise to assess the 

economic impact of the treatment by dividing the net return ha
-1

 by the cost of 

production. 

                                                      Gross returns (ha
-1

)  

     Benefit-Cost ratio =        -------------------------------------  

                                      Cost of cultivation (ha
-1

) 

 

3.8.20. Statistical analysis 

The data collected from field observation and recorded in laboratory were 

subjected to statistical analysis of variance technique as described in “Statistical 

procedure for Agriculture Research” by Gomez and Gomez (1985) for significant 

treatment effects. 

 

3.8.20.1 Mean: It was calculated by using following formula. 

                           ∑x        

  

         Mean (  ) = 

       n 

Where, 

  ∑x = the sum of all the observation 

  N = Number of observation 

3.8.20.2 Correlation coefficients 

Correlation coefficients were calculated in all possible combinations 

taking all the characters in to consideration by using the formula as proposed 

by Panse and Sukhatme (1961). 

 

 

 

 

 

 ( ∑x2 -             

               

 

∑x ∑y 

     n 

      r 
        

 
  

  

 
         

∑xy    - 

(∑x) 2  

   n 
)  ( ∑y2- 

(∑y) 2  

   n 
) 
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Where,  

r           = Correlation coefficient 

n  = Number of treatments 

X and Y = Character under study 

Testing of correlations 

 The correlations are tested for their significance by following formula 

based on “t” test: 

tc =  r

R

n

)21(

2




       at (n-2) d.f. 

Where, 

 N= Number of treatments 

 r= correlations coefficient 

 The calculated value of “t” is compared with table of “t” at (n-2) d.f. 

If the calculated value is equal to or greater than table value, it is significant 

at given probability level. If t c < t T, it is non -significant. 

3.8.20.3 T test: It was calculated by using following formula. 

  
        

√   
 
  

 
 
  

 

 

Where, 

               = mean of sample 1 

                = mean of sample 2 

              = number of subjects in sample 1 

              = number of subjects in sample 2 

               = variance of sample 

However, the degree of freedom is altered to compensate the heterogeneity 

of variances. The of freedom associated with this t is ½ (n1+ n2) – 1.   
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                                 CHAPTER- IV 
           RESULT AND DISCUSSION  

 

A field experiment entitled “Effect of mulching on vegetables as intercrop 

in the Kinnow orchard under agro-climatic condition of Bastar plateau of 

Chhattisgarh” was conducted during the Rabi season of 2016-17 at the 

Instructional farm, College of Horticulture and Research Station, Jagdalpur (C.G.).  

The data has been recorded and analyzed on various parameters of crop growth, 

yield attributing characters, biochemical and economic parameters. The results and 

discussion of the experiment are briefly described in this chapter under the following 

heads: 

4.1  T- test analysis 

4.2  Mean performance 

4.3  Correlation analysis 

4.4  Economics 

4.1  T- test analysis  

Table 4.1 Effect of mulch and no mulch on the morphological characters of 

tomato in the kinnow orchard 

Character treatment (mean) With 

mulch 

Without 

mulch 

T -value P- value 

P.H. at 30 DAT  41.7 32.31 4.94* 0.003 

P.H. at 60 DAT 49.55 43.7 2.03
NS

 0.055 

P. H. at 90 DAT 55.38 52.98 1.12
NS

 0.162 

P.H. at 120 DAT 59.85 55.17 2.72* 0.264 

No. of  branches plant
-1

 26.53 18.2 5.03* 0.003 

No. of fruits plant
-1

 43.93 24.8 3.005* 0.019 

Days taken to 1
st
 flowering 42 46.66 -3.21* 0.016 

Days taken to 50% flowering                 61 67 -5.19* 0.003 

Leaf area (cm)
2 

16.69 11.34 5.00* 0.003 

Nutrient Uptake N (kg ha
-1

) 123.27 113.70 5.82* 0.00 

Nutrient Uptake P (kg ha
-1

) 14.21 12.09 4.66* 0.00 

Nutrient Uptake K (kg ha
-1

) 110.81 97.76 3.03* 0.02 

Days taken to 1
st
 harvesting 78.00 83.00 -5.00* 0.00 

Yield  plant
-1

 (g) 13000 10000 3.67* 0.010 

Yield ha
-1

 (q) 130.33 100 20.87* 0.001 

*Significant at 5% level of probability, NS=Non-Significant 
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Table 4.2 Effect of mulch and no mulch on the morphological characters of 

chilli in the kinnow orchard 

Character treatment (mean) With mulch 

Without 

mulch 
T-value P- value 

P.H. at 30 DAT  20.21 13.87 2.91* 0.022 

P.H. at 60 DAT 42.27 24.73 7.44* 0.001 

P.H at 90 DAT 54.73 42.54 5.49* 0.003 

P.H. at 120 DAT 60.64 53.71 3.02* 0.020 

No. of  branches plant
-1

 37.47 25.60 2.65* 0.029 

No. of fruits plant
-1

 58.73 16.65 11.93* 0.000 

Days taken to 1
st
 flowering 35.67 43.67 -5.37* 0.003 

Days taken to 50% 

flowering 
55.67 64.00 -5.00* 0.004 

Leaf area (cm)
2
  62.46 51.39 4.99* 0.003 

Nutrient Uptake N (kg ha
-1

) 74.65 72.50 22.37* 0.000 

Nutrient Uptake P (kg ha
-1

) 13.04 12.24 7.82* 0.001 

Nutrient Uptake K (kg ha
-1

) 77.44 74.69 13.41* 0.001 

Days  taken to 1
st
 harvesting 76.67 80.67 -3.62* 0.011 

Yield plant
-1

 (g) 3000 1966.66 7.11* 0.001 

Yield ha
-1

 (q) 30 19.66 7.11* 0.001 

*Significant at 5% level of probability, NS=Non-Significant 
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Table 4.3 Effect of mulch and no mulch on the morphological characters of 

brinjal in the kinnow orchard 

Character treatment (mean) With mulch 

Without 

mulch T -value P- value 

P.H. at 30 DAT  13.65 9.42 3.54* 0.012 

P. H. at 60 DAT 34.84 18.54 3.83* 0.009 

P.H. at 90 DAT 47.41 35.17 2.18
NS

 0.051 

P.H. at 120 DAT 52.61 41.22 2.14* 0.050 

No. of  branches plant
-1

 21.53 16.33 2.18* 0.047 

No. of fruits plant
-1

 11.73 5.97 2.58* 0.031 

Days taken to 1
st
 flowering 42.33 45.67 -2.24* 0.045 

Days taken to 50% flowering                 61.00 65.33 -6.50* 0.001 

Leaf area (cm)
2 

     57.66    47.66     4.37*    0.005 

Nutrient Uptake N (kg ha
-1

) 222.22 225.59 -3.39* 0.014 

Nutrient Uptake P (kg ha
-1

) 33.34 34.27 -2.98* 0.020 

Nutrient Uptake K (kg ha
-1

) 107.99 114.23 -3.92* 0.009 

Days taken to1
st
 harvesting 77.33 83.33 -8.05* 0.001 

Yield  plant
-1

 (g) 20000 10000 5.11* 0.003 

Yield ha
-1

 (q) 200 100 5.69* 0.002 

*Significant at 5% level of probability, NS=Non-Significant 
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Table 4.4 Effect of mulch and no mulch on the morphological characters of 

bitter gourd in the kinnow orchard 

Character treatment (mean) 

With 

mulch 

Without 

mulch T -value P- value 

P.H. at 30 DAT 30.18 22.59 2.41* 0.037 

P.H. at 60 DAT 76.43 65.72 3.46* 0.013 

P.H. at 90 DAT 126.51 106.60 2.82* 0.024 

P.H. at 120 DAT 191.51 150.99 4.89* 0.004 

No. of  branches plant
-1

  29.67 17.93 4.89* 0.004 

No. of fruits plant
-1

 42.27 32.07 2.48* 0.034 

Days taken to 1
st
 flowering 66.33 71.33 -4.52* 0.005 

Days taken to 50% flowering                 86.67 91.33 -2.60* 0.030 

Leaf area (cm)
2
  43.15 36.91 4.24* 0.006 

Nutrient Uptake N (kg ha
-1

) 47.67 31.83 13.57* 0.000 

Nutrient Uptake P (kg ha
-1

) 7.63 6.85 4.83* 0.004 

Nutrient Uptake K (kg ha
-1

) 41.20 35.13 11.47* 0.000 

Days taken to 1
st
 harvesting 95.67 106.00 -9.80* 0.000 

Yield  plant
-1 

(g) 10666.66 8000 3.94*    0.008 

Yield ha
-1

 (q) 101.66 80 9.28* 0.003 

*Significant at 5% level of probability, NS=Non-Significant 
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4.2 Mean performance 

4.2.1  Plant parameter 

4.2.1.1 Plant height at 30 DAT 

  The data on plant height at 30 days for tomato, chilli, brinjal and bitter 

gourd has been depicted in Table 4.5. The results revealed that the plant height at 30 

days (cm) under mulching plots was 41.70, 20.21, 13.64, and 30.18 for tomato, 

chilli, brinjal and bitter gourd respectively. While without mulch it was observed to 

be 32.31, 13.87, 9.42 and 22.58 for tomato, chilli, brinjal and bitter gourd. Plant 

height at 30 DAT for tomato, chilli, brinjal and bitter gourd varied significantly in 

plastic mulch. It had a positive effect on initial germination of crop growth and 

development of crop. Plastic mulch discouraged the weed growth while in the non 

mulched plots, weeds occurrence was observed to be more. Quite similar results 

have been corroborated by Singh et al. (2017). 

Table 4.5 Plant height of the mulched and non mulched intercrops in the 

kinnow orchard at 30 DAT 

S.No. Crop With 

mulch 

Without 

mulch 

t-value P –

value 

Test of 

significance 

1. Tomato 41.7 32.31 4.94 0.003 Significant 

2. 
Chilli 20.21 13.87 

2.91 

 

0.021 

 
Significant 

3. 
Brinjal 13.64 9.42 

3.54 

 

0.011 

 
Significant 

4. Bitter 

gourd 

30.18 

 

22.58 

 

2.41 

 

0.036 

 
Significant 

 

4.2.1.2 Plant height at 60 DAT  

The data on plant height at 60 days (cm) is depicted in Table 4.6. The results 

showed that the plant height at 60 days under mulched plots was 49.55, 42.26, 34.84 

and 76.43 while it was 43.70, 24.73, 18.54 and 65.72 respectively for tomato, chilli, 

brinjal and bitter gourd in the non mulched plots. The remarkable higher plant height 

under mulched crop might be attributed to the availability of longer and favourable 

growing period for plant growth and utilization of sufficient nutrients from the soil, 
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which resulted in quick and vigorous growth of the plants. The results of the present 

investigation are in conformity with the findings of Islam et al. (2010), Ali et al. 

(2014) and Singh et al. (2017).  

4.2.1.3 Plant height at 90 DAT  

Table 4.7 depicted the datas on plant height at 90 days (cm). The results 

revealed that the plant height at 90 days under the mulched plots was 55.38, 54.72, 

47.40 and 126.50 whereas it was 52.98, 42.54, 35.16 and 106.6 respectively in the 

non mulched plots in tomato, chilli, brinjal and bitter gourd.  Application of plastic 

mulch significantly increased the plant height over other treatments however the non 

mulched plots were at par among themselves. Improvement in micro climate with 

respect to moisture and nutrient availability might be responsible for increase in 

shoot height. Similar results were reported by Awasthi et al. (2006) and 

Ashrafuzzaman et al. (2011).                                                                        

Table 4.6 Plant height of the mulched and non mulched intercrops in the 

kinnow orchard at 60 DAT 

S.No. Crop 
With 

mulch 

Without 

mulch 
t-value P -value 

Test of 

significance 

1. Tomato 49.55 43.70 2.03 0.055 Non significant 

2. Chilli 42.26 24.73 7.44 0.001 Significant 

3. Brinjal 34.84 18.54 3.82 0.001 Significant 

4. 
Bitter 

gourd 
76.43 65.72 3.45 0.012 Significant 

 

Table 4.7 Plant height of the mulched and non mulched intercrops in the 

kinnow orchard at 90 DAT 

 

S. No. Crop With 

mulch 

Without 

mulch 
t-value P -value Test of significance 

1. Tomato 55.38 52.98 1.12 0.162 Non significant 

2. Chilli 54.72 42.54 5.48 0.002     Significant 

3. Brinjal 47.40 35.16 2.18 0.051 Non significant 

4. Bitter 

gourd 
126.50 106.6 2.82 0.023     Significant 
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4.2.1.4 Plant height at 120 DAT 

 Plant height of tomato, chilli, brinjal and bitter gourd at 120 DAT (cm) has 

been depicted in Table 4.8. The results of the present investigation revealed that the 

plant height varied from 59.85, 60.64, 52.61 and 191.51 in mulched plots to 55.17, 

53.70, 41.22 and 150.98 for the plots without mulch. Application of plastic mulch 

significantly increased the plant height over the other treatments. Improvement in 

micro climate with respect to moisture and nutrient availability might be 

responsible for increase in shoot height. Similar results were reported by Awasthi et 

al. (2006) and Ashrafuzzaman et al. (2011).                                                         

Table 4.8 Plant height of the mulched and non mulched intercrops in the 

kinnow orchard at 120 DAT 

S.No.  Crop 
With 

mulch 

Without 

mulch 
t-value 

P -

value 

Test of 

significance 

1. Tomato 59.85 55.17 2.72 0.264 Significant 

2. Chilli 60.64 53.70 3.02 0.019 Significant 

3. Brinjal 52.61 41.22 2.13 0.049 Significant 

4. 
Bitter  

gourd 
191.51 150.98 4.88 

 

0.004 

 

Significant 

4.2.2 Number of branches plant 
-1

 

The datas pertaining to number of branches plant
-1

 is presented in Table 4.9.  

It was recorded to be significantly higher in mulched plots viz. 26.53, 37.47, 21.53 

and 29.67. However the plots without mulch recorded 18.2, 25.60, 16.33 and 17.93 

for tomato, chilli, brinjal and bitter gourd. Perusal of data clearly indicated that the 

mulched plots had a significant effect on the number of branches plant
-1

 in all the 

four crops where it significantly increased with the plant age. The mulch gave a 

positive effect on increasing and retaining higher number of branches plant
-1

. 

Control recorded the least number of branches plant
-1

. Favourable weather 

conditions and moisture of the soil are the important parameters affecting the 

branches plant
-1

. The results of present investigation are in conformity with the 

findings of Ali et al. (2014) and Singh et al. (2015).  
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Table 4.9 Number of branches plant 
-1

 in the mulched and non mulched 

intercrops in the kinnow orchard 

S.No. Crop 
With 

mulch 

Without 

mulch 
t-value P -value 

Test of 

significance 

1. Tomato 26.53 18.2 5.03 0.003 Significant 

2. Chilli 37.47 25.60 2.65 0.029 Significant 

3. Brinjal 21.53 16.33 2.18 0.047 Significant 

4. 
Bitter 

gourd 
29.67 17.93 4.89 0.004 Significant 

4.2.3 Leaf area (cm
2
) 

The data on leaf area (cm
2
) has been given in Table 4.10. It was observed to 

be significantly higher in the mulched plots viz., 16.69, 101.19, 57.66 and 43.15 

however, the plots without mulch recorded 11.34, 68.26, 47.66 and 36.91 for 

tomato, chilli, brinjal and bitter gourd respectively. Leaf area components were 

observed to be comparatively higher in the mulched treatments than the control due 

to improved soil moisture conservation, reduced soil temperature, reduced weed 

infestation and nutrient availability as a result of reduced leaching of nutrients. The 

finding of present investigation is in agreement with the results of Ali et al. (2014). 

Table 4.10 Leaf area (cm
2
) of the mulched and non mulched intercrops in the 

kinnow orchard 

S. 

No. 
Crop 

With 

mulch 

Without 

mulch 
t-value P -value 

Test of 

significance 

1. Tomato 16.69 11.34 5.00 0.003 Significant 

2. Chilli 62.46 51.39 4.99 0.003 Significant 

3. Brinjal 57.66 47.66 4.37 0.005 Significant 

4. 
Bitter 

gourd 
43.15 36.91 4.24 0.006 Significant 

 

4.2.4    Number of fruits plant 
-1 

 

Table 4.11 displays the data on number of fruits plant
-1

. It was recorded 

significantly higher in the mulched plots with a mean variable of 43.93, 58.73, 
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11.73 and 42.27 whereas in the plots without mulch it was recorded to be 24.8, 

16.65, 5.97 and 32.07 for tomato, chilli, brinjal and bitter gourd. Mulching 

produced significantly more number of fruits plant
-1

 as compared to the non 

mulched plots. It can be attributed to the fact that mulching had a positive influence 

on fruit setting in tomato, chilli, brinjal and bitter gourd. This might be due to 

increased growth of plant under favourable soil micro climate both beneath and 

above the soil surface. The suitable conditions enhanced the plant growth and 

development and produced fruit bearing nodes as compared to the control. The 

results are in close harmony with the results of Singh et al. (2017). 

Table 4.11 Number of fruits plant
-1

 in the mulched and non mulched 

intercrops in the kinnow orchard 

S.No. Crop With 

mulch 

Without 

mulch 

t-value P -

value 

Test of 

significance 

1. Tomato 43.93 24.8 3.005 0.019 Significant 

2. Chilli 58.73 16.65 11.93 0.001 Significant 

3. Brinjal 11.73 5.97 2.58 0.031 Significant 

4. Bitter 

gourd 

42.27 32.07 2.48 0.034 

 

Significant 

4.2.5   Days taken to 1
st
 flowering 

The data on days taken to 1
st
 flowering is presented in Table 4.12 for tomato, 

chilli, brinjal and bitter gourd. The datas revealed that the days taken to 1
st
 flowering 

was recorded to be 42.00, 35.67, 42.33, 66.33 in the mulched plots while non 

mulched plots recorded 46.66, 43.67, 45.67, 71.33 days respectively.  The data 

pertaining to days taken to 1
st
 flowering also indicated that the different transplanting 

dates and mulching had significant effect on these traits. It is apparent from the data 

for tomato, chilli, brinjal and bitter gourd that there was a gradual decrease in days 

taken to 1
st
 flowering, with the advancement in date of transplanting. It might be due 

to a marked influence of day and night temperature on the initiation of flowering. 

The results of present study are supported by the findings of Ahammad et al. (2009), 

Islam et al. (2010) and Hossain et al. (2013, 2014), Singh et al. (2017).                   
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Table 4.12 Days taken to 1
st
 flowering in the mulched and non mulched 

intercrops in the kinnow orchard 

S.No.    Crop With 

mulch 

Without 

mulch 

t-value P -

value 

Test of 

significance 

1.  Tomato 42.00 46.66 -3.21 0.016 Significant 

2.    Chilli 35.67 43.67 -5.37 0.003 Significant 

3. Brinjal 42.33 45.67 -2.24 0.045 Significant 

4. Bitter 

gourd 

66.33 71.33 -4.52 0.005 Significant 

 

4.2.5 Days taken to  50% flowering 

Table 4.13 depicts the datas on days taken to 50% flowering for tomato, 

chilli, brinjal and bitter gourd. The datas revealed that the mulched plots recorded 

61.00, 55.67, 61.00, 86.67 days for 50% flowering whereas it was comparatively 

high in the non mulched plots that recorded 67.00, 64.00, 65.33, 91.33 days for the 

same. High soil temperature under plastic mulch improves the plant micro climate 

leading to early growth and development which advanced the flowering. Similar 

kind of observation with respect to plant growth was also reported by  Ahammad et 

al. (2009), Islam et al. (2010) and Hossain et al. (2013 & 2014), Singh et al. (2017).                   

Table 4.13 Days taken to 50% flowering in the mulched and non mulched 

                intercrops in the kinnow orchard 

 

S.No. Crop With 

mulch 

Without 

mulch 

t-value P -value Test of 

significance 

1. Tomato 61.00 67.00 -3.21 0.016 Significant 

2. Chilli 55.67 64.00 -5.00 0.004 Significant 

3. Brinjal 61.00 65.33 -6.50 0.001 Significant 

4. Bitter 

gourd 

86.67 91.33 -2.60 0.030 Significant 
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4.2.6 Nutrient uptake (N, P and K) 

4.2.6.1 Nutrient uptake N (kg ha
-1

) 

The data on the effect of mulches on nutrient uptake (kg ha
-1

) has been 

presented in Table 4.14 for tomato, chilli, brinjal and bitter gourd. The mulched plots 

recorded significantly higher values for Nitrogen i.e. 123.27, 74.65, 222.22 and 47.67 

kg ha
-1

 while the non mulched plots recorded 113.70, 72.50, 225.59 and 31.83 kg ha
-

1
. Similar results were reported by Shedeed et al. (2009) and Hundal et al. (2000). 

4.2.6.2 Nutrient uptake P (kg ha
-1

) 

The data on the effect of mulches on nutrient uptake (kg ha
-1

) has been 

depicted in Table 4.15 for tomato, chilli, brinjal and bitter gourd. The mulched plots 

recorded significantly higher phosphorus uptake of 14.21, 13.04, 33.34, and 7.63 kg 

ha
-1

 than the non mulched plots that recorded 12.09, 12.24, 34.27 and 6.85 kg ha
-1

 

respectively for tomato, chilli, brinjal and bitter gourd respectively. The results of 

present study are supported by the findings of Khambal et al. (2009). 

4.2.6.3 Nutrient uptake K (kg ha
-1

) 

The data on the effect of mulches on potassium uptake (kg ha
-1

) has been 

presented in Table 4.16. Significantly higher potassium uptake was recorded in the 

mulched plots viz., 110.81, 77.44, 107.99, 41.20 kg ha
-1

 however in the non mulched 

plots the uptake was 97.76, 74.69, 114.23 and 35.13 kg ha
-1

 for tomato, chilli, brinjal 

and bitter gourd respectively. Similar results were reported by Shedeed et al. (2009), 

Hundal et al. (2000) and Khambal et al. (2009). 

4.2.7 Days taken to 1
st
 harvesting  

The data on days taken to 1
st
 harvesting is presented in Table 4.2.7 for 

tomato, chilli, brinjal and bitter gourd. The mulched plots recorded an average of 

78.00, 76.67, 77.33 and 95.67 days whereas the non mulched plots recorded 83.00, 

80.67, 83.33, 106.00 days for 1
st
 harvesting respectively. The data pertaining to days 

taken to 1
st
 harvesting for tomato, chilli, brinjal and bitter gourd clearly indicated the 

significance of mulched plots. A gradual increase in temperature coupled with short 

growth period resulted in early flowering in plant and 1
st
 harvesting, which are the 
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major components for the enhanced number of fruits. The results of present study are 

supported by the findings of Ahammad et al. (2009), Islam et al. (2010) Hossain et 

al. (2013, 2014) and Singh et al. (2017). 

4.2.8 Yield plant
-1

 (g) 

The data on the effect of mulches on the fruit yield plant
-1

 (g) is given in 

Table 4.18 for tomato, chilli, brinjal and bitter gourd. The yield data obtained in the 

mulched plots were 13000, 3000, 20000, 10666.67g plant
-1

 while the non mulched 

plots recorded 10000, 1966.66, 10000, 8000g plant
-1

 for tomato, chilli, brinjal and 

bitter gourd respectively. The effect of mulch on fruit yield was significant for 

different crops viz., tomato, chilli, brinjal and bitter gourd. The increase in number 

of harvesting, number of fruits plant
-1 

and higher early and total yield plastic mulch 

might be attributed to increased growth of plants under warmer and favourable soil 

microclimate. Similar kind of observation was also reported by Awasthi et al. 

(2006), Ashrafuzzaman et al. (2011) and Singh et al. (2017). 

4.2.9 Yield ha
-1

 (q) 

The data on the effect of fruit yield (q ha
-1

) with and without mulches has 

been presented in Table 4.19 for tomato, chilli, brinjal and bitter gourd. The mean 

yields of the mulched plot were 130.33, 30.00, 200.00, 101.66 while that of the non 

mulched plots were 100.00, 19.66, 100.00, 80.00 q ha
-1

 for tomato, chilli, brinjal and 

bitter gourd respectively. The effect of the mulched plots on fruit yield was 

significant for all the crops under study. Similar kind of observations was also 

reported by Awasthi et al. (2006), Ashrafuzzaman et al. (2011) and Singh et al. 

(2017). 
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Table 4.14 Comparative study of Nutrient uptake of N (kg ha
-1

) in the mulched     

and non mulched intercrops in the kinnow orchard 

S.No. Crop With 

mulch 

Without 

mulch 

t-value P -

value 

Test of    

significance 

1. Tomato 123.27 113.70 5.82 0.001 Significant 

2. Chilli 74.65 72.50 22.37 0.001 Significant 

3. Brinjal 222.22 225.59 -3.39 0.014 Significant 

4.            Bitter gou  Bitter 

gourd 

47.67 31.83 13.57 0.001 Significant 

                          

Table 4.15 Comparative study of Nutrient uptake of P (kg ha
-1

) in the mulched 

and non mulched intercrops in the kinnow orchard 

S.No.     Crop With 

mulch 

Without 

mulch 

t-value P -value Test of 

significance 

1. Tomato 14.21 12.09 4.66 0.001 Significant 

2.   Chilli 13.04 12.24 7.82 0.001 Significant 

3. Brinjal 33.34 34.27 -2.98 0.020 Significant 

4. Bitter 

gourd 

7.63 6.85 4.83 0.004 Significant 

 

Table 4.16 Comparative study of Nutrient uptake of K (kg ha
-1

) in the mulched 

and non mulched intercrops in the kinnow orchard 

S.No.     Crop With 

mulch 

Without 

mulch 

t-value P -

value 

Test of 

significance 

1. Tomato 110.81 97.76 3.03 0.020 Significant 

2. Chilli 77.44 74.69 13.41 0.001 Significant 

3. Brinjal 107.99 114.23 -3.92 0.009 Significant 

4. Bitter 

gourd 

41.20 35.13 11.47 0.001 Significant 
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Table 4.17 Days taken to 1
st
 harvesting in the mulched and non mulched 

intercrops in the kinnow orchard 

S.No.   Crop With 

mulch 

Without 

mulch 

t-value P -

value 

Test of 

significance 

1. Tomato 78.00 83.00 -5.00 0.001 Significant 

2. Chilli 76.67 80.67 -3.62 0.011 Significant 

3. Brinjal 77.33 83.33 -8.05 0.001 Significant 

4. Bitter 

gourd 

95.67 106.00 -9.80 0.001 Significant 

                                                   

Table 4.18 Yield plant
-1

 (g) in the mulched and non mulched intercrops in the 

kinnow orchard 

S.No.     Crop With 

mulch 

Without 

mulch 

t-value P -value Test of 

significance 

1. Tomato 13000 10000 3.67 0.106 Significant 

2. Chilli 3000 1966.66 7.11 0.001 Significant 

3. Brinjal 20000 10000 5.22 0.003 Significant 

4. Bitter 

gourd 

10666.67 8000 3.94 0.008 Significant 

 

Table 4.19 Yield ha
-1

 (q) in the mulched and non mulched intercrops in the 

kinnow orchard 

S.No.   Crop With 

mulch 

Without 

mulch 

t-value P –

value 

Test of 

significance 

1. Tomato 130.33 100.00 20.87 0.001 Significant 

2. Chilli 30.00 19.66 7.11 0.001 Significant 

3. Brinjal 200.00 100.00 5.69 0.002 Significant 

4. Bitter 

gourd 

101.66 80.00 9.28 0.003 Significant 
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 4.2.10 Biochemical analysis 

 4.2.10.1 Protein (%)  

The data on the effect of mulches on protein content (Table 4.20) recorded 

significant mean of 7.75, 2.8, 15.00 and 1.62% with mulch while without mulch the 

protein content (%) was observed to be 6.71, 1.83, 11.00 and 1.17 for tomato, chilli, 

brinjal and bitter gourd respectively. The increase in protein content of fruits in these 

treatments could be attributed to application of mulches. The findings are supported 

by the work of Singh et al. (2014). 

4.2.10.2 Vitamin C (mg/100g) 

The data on the effect of mulches (Table 4.21) recorded significantly higher 

Vitamin C content (mg/100g) in the mulched plots than the plots without mulch. The 

mulched plots recorded an average of 25.08, 120.04, 15.41, 46.21 mg/100g Vitamin 

C whereas the non mulched plots recorded 23.61, 112.14, 11.57, 24.64 mg/100g 

Vitamin C for tomato, chilli, brinjal and bitter gourd respectively. The data revealed 

that the different crops under study viz., tomato, chilli, brinjal and bitter gourd in the 

mulched plots recorded significant results. Similar findings were reported by 

Madhumathi and Sadarunnisa (2013) and Ashrafuzzaman et al. (2011).  

4.2.10.3 TSS (
0
Brix) 

The total soluble solids (TSS 
0
brix) were significantly affected by mulch 

(Table 4.22) for tomato, chilli, brinjal, bitter gourd. It recorded a mean value of 4.56, 

4.37, 5.27 and 1.34
0
brix. However the plots without mulch recorded 3.60, 3.33, 4.17, 

and 1.76
0
brix for tomato, chilli, brinjal and bitter gourd respectively. Increase in the 

quality parameters might be due to increased availability of total soluble solids in the 

mulched plots. Quite similar findings were reported by Tipu et al. (2014) and Singh 

et al. (2015).  
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Table 4.20 Protein (%) in the mulched and non mulched intercrops in the 

kinnow orchard 

S.No.     Crop With 

mulch 

Without 

mulch 

t-value P -value Test of 

significance 

1. Tomato 7.75 6.71 2.67 0.027 Significant 

2. Chilli 2.8 1.83 13.30 0.001 Significant 

3. Brinjal 15 11 4.89 0.004 Significant 

4. Bitter 

gourd 

1.62 1.17 8.26 0.005 Significant 

                                       

Table 4.21 Vitamin C (mg/100g) in the mulched and non mulched intercrops in 

the kinnow orchard 

S.No. Crop With 

mulch 

Without 

mulch 

t-value P –value Test of 

significance 

1. Tomato 25.08 23.61 2.82 0.023 Significant 

2. Chilli 120.04 112.14 3.64 0.010 Significant 

3. Brinjal 15.41 11.57 5.08 0.003 Significant 

4. Bitter 

gourd 

46.21 24.64 12.87 0.001 Significant 

                                                         

Table 4.22 TSS (
0
Brix) in the mulched and non mulched intercrops in the 

kinnow orchard 

S.No.    Crop With 

mulch 

Without 

mulch 

t-value P –value Test of 

significance 

1. Tomato 4.56 3.60 2.76 0.025 Significant 

2. Chilli 4.37 3.33 7.24 0.001 Significant 

3. Brinjal 5.27 4.17 4.97 0.003 Significant 

4. Bitter 

gourd 

1.34 1.76 -2.79 0.024 Significant 

39



4.3 Correlation analysis 

 

The correlation analysis in tomato with mulch revealed (Table 4.23) that the 

total fruit yield had a significant positive correlation with days taken to 1
st
 flowering 

(0.981) whereas it exhibited a negative correlation (-0.912) with the number of fruits 

plant
-1 

and leaf area (-0.944). Plant height showed a significant negative correlation 

with the number of fruits plant
-1

 (- 0.957).  Number of branches plant
-1

 expressed a 

significant positive correlation with days taken to first flowering (0.940) however; 

days taken to 1
st
 harvesting (-0.933) and leaf area (-0.979) expressed a significant 

negative correlation with it.  Days taken to first flowering expressed a significant 

negative correlation with leaf area (-0.989) while, days taken to 50% flowering 

expressed a significant negative correlation with days taken to 1
st
 harvesting (-0.944) 

in plots with mulch. 

The data given in Table 4.24 depicted that the total fruit yield showed 

significant positive correlation without mulch number of branches plant
-1

(0.998). 

Plant height showed a significant positive correlation with number of fruits plant
-1

 

(0.995), days taken to 1
st
 flowering (0.979) and days taken to 50% flowering (0.991) 

whereas leaf area (-0.941) expressed a significant negative correlation without 

mulch. Number of fruits plant
-1

 had expressed significant positive correlation with 

days taken to first flowering (0.994) and days taken to 50% flowering (0.974).  

However leaf area (-0.969) expressed a significant negative correlation without 

mulch. Days taken to 1
st
 flowering and days taken to 50% flowering expressed 

significant negative correlation with leaf area (-0.990 and -0.890 respectively) in 

tomato. Similar results were reported by Tiwari and Upadhyay (2011). 
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Table 4.23 Correlation analysis in the mulched tomato plots 

 

  Yield P.H. N.B. N.F.  1st F. 50%F. 

1st 

H. L A 

yield 1 

       P.H.     0.075 1 

      N.B.     0.859 0.316 1 

     N.F. -0.912* -0.957* -0.575 1 

     1st F.   0.981* 0.619 0.940* -0.818 1 

   50%F. 0.327 -0.370 0.764 0.088 0.5 1 

  1st H. -0.618 0.045 0.933* 0.242 -0.755 -0.944* 1 

 L A -0.944* -0.500 -0.979* 0.727 -0.989* -0.619 0.842 1 

R value = 0.878 *Significant at 5% level of probability 

Table 4.24 Correlation analysis in the non mulched tomato plots 

  Yield P.H. N.B. N.F.  1st F. 50%F. 1st H. L A 

Yield 1 

       P.H. 0.794 1 

      N.B. 0.997* 0.746 1 

     N.F. 0.731 0.995* 0.678 1 

     1st F. 0.654 0.979* 0.596 0.994* 1 

   50%F. 0.866 0.991* 0.826 0.974* 0.944* 1 

  1st H. 0 0.607 -0.075 0.682 0.755 0.5 1 

 L A -0.542 -0.941* -0.478 -0.969* -0.990* -0.890* -0.839 1 

                       R value = 0.878 *Significant at 5% level of probability 

In chilli the correlation analysis in the mulched plots is depicted in Table 4.25. The 

total fruit yield showed that a significant positive correlation with number of 

branches plant
-1

 (0.959), number of fruits plant
-1

 (0.957), days taken to 1
st
 flowering 

(0.960) and days taken to 50% flowering (0.960). While a significant negative 

correlation with days taken to 1
st
 harvesting (-0.981). Number of branches plant

-1
 

had a significant negative correlation with days taken to 1
st
 harvesting (-0.889). The 

number of fruits plant
-1

 had a significant positive correlation with days taken to first 

flowering (0.999) and days taken to 50% flowering (0.999) however; days taken to 

1
st
 harvesting (-0.994) and leaf area (-0.909) expressed a significant negative 

correlation with number of fruits plant
-1

. Days taken to 1
st
 flowering and days taken 

to 50% flowering expressed a significant negative correlation with days taken to 1
st
 

harvesting (-0.995 and -0.995 respectively) and leaf area (-0.904 and -0.904 
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respectively).  

Table 4.26 depicts the correlation in the non mulched plots. The total fruit yield 

showed a significant positive correlation with number of branches plant
-1

 (0.933) 

and days taken to 50% flowering (0.981). Plant height had a significant positive 

correlation with number of branches plant
-1

 (0.970) while, days taken to 1
st
 

flowering (0.905) recorded a significant negative correlation. Number of fruits plant 

plant
-1

 had a significant positive correlation with leaf area (0.884) while, days taken 

to 1
st
 harvesting (-0.996) a significant negative correlation. Similar findings were 

reported by Ojeniyi et al. (2007) and Tiwari and Upadhyay (2011). 

Table 4.25 Correlation analysis in the mulched chilli plots 

  Yield P.H. N.B. N.F.  1st F. 50%F. 

1st 

H. L A 

yield 1 

       P.H. 0.636 1 

      N.B. 0.959* 0.827 1 

     N.F. 0.957* 0.388 0.838 1 

     1st F. 0.960* 0.397 0.844 0.999* 1 

   50%F. 0.960* 0.397 0.844 0.999* 1 1 

  1
st
 H.  -0.981* -0.479 -0.889* -0.994* -0.995* -0.995* 1 

 L A -0.750 -0.030 -0.535 -0.909* -0.904* -0.904* 0.862 1 

R value = 0.878 *Significant at 5% level of probability 

Table 4.26 Correlation analysis in the non mulched chilli plots 

  Yield P.H. N.B. N.F.  1st F. 50%F. 1st H. L A 

yield 1 

       P.H. 0.819 1 

      N.B. 0.933* 0.970* 1 

     N.F. -0.696 -0.159 -0.392 1 

     1st F. -0.5 -0.905* -0.777 -0.273 1 

   50%F. 0.981* 0.696 0.848 -0.819 -0.327 1 

  1st H. 0.755 0.244 0.470 -0.996* 0.188 0.866 1 

 L A -0.281 0.318 0.081 0.884* -0.690 -0.457 -0.841 1 

                     R value = 0.878 *Significant at 5% level of probability 

Table 4.27 depicted the correlation values among various traits in brinjal grown 

under the mulched plots. Plant height had a significant positive correlation with days 
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taken to 50% flowering (0.900). Number of branches plant
-1

 also expressed a 

significant positive correlation with days taken to first flowering (0.999) however 

leaf area (-0.999) recorded a significant negative correlation. The number of fruits 

plant
-1

 had a significant positive correlation with days taken to 50% flowering 

(0.957) whereas, days taken to 1
st
 harvesting (-0.973) had a significant negative 

correlation with it. 

 The correlation analysis in the non mulched plots has been depicted in the 

Table 4.28. Plant height recorded a significant positive correlation with number of 

branches plant
-1

 (0.957), number of fruits plant
-1

 (0.999) and days taken to 1
st
 

flowering (0.947) however, days taken to 50% flowering (-0.947) and days taken to 

1
st
 harvesting (-0.947) expressed a significant negative correlation. Number of 

branches plant
-1

 had a significant positive correlation with number of fruits plant
-1

 

(0.965). The number of fruits plant
-1

 had a significant positive correlation with days 

taken to 1
st
 flowering (0.938) whereas, days taken to 50% flowering (-0.938) and 

days taken to 1
st
 harvesting (-0.938) expressed a significant negative correlation. 

Days taken to 1
st
 flowering had a significant negative correlation with leaf area (-

0.944). Days taken to 50%
 
flowering and days taken to 1

st
 harvesting recorded a 

significant positive correlation with leaf area (0.944). The results are in conformity 

with Moniruzzaman (2006), Awodoyin (2007), Ojeniyi et al. (2007), Dauda (2011), 

Norman et al. (2011) and Tiwari and Upadhyay (2011). 

Table 4.27 Correlation analysis in the mulched brinjal plots 

  Yield P.H. N.B. N.F.  1st F. 50%F. 1st H. L A 

yield 1 

       P.H. 0.073 1 

      N.B.  -0.574 0.774 1 

     N.F. 0.729 0.735 0.140 1 

     1st F. -0.596 0.757 0.999* 0.114 1 

   50%F. 0.5  0.900* 0.421 0.957* 0.397 1 

  1st H. 0.596 -0.562 0.088 -0.973* 0.114 -0.866 1 

 L A -0.397 -0.757 -0.999* -0.114 -1 -0.397 -0.114 1 

                       R value = 0.878 *Significant at 5% level of probability 
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Table 4.28 Correlation analysis in the non mulched brinjal plots 

  Yield P.H. N.B. N.F.  1st F. 50%F. 1st H. L A 

yield 1 

       P.H. 0.379 1 

      N.B. 0.097 0.957* 1 

     N.F. 0.354 0.999* 0.965* 1 

     1st F. 0.654 0.947* 0.815 0.938* 1 

   50%F. -0.654 -0.947* -0.815 -0.938* -1 1 

  1st H. -0.654 -0.947* -0.815 -0.938* -1 1 1 

 L A -0.866 -0.791 -0.581 -0.774 -0.944* 0.944* 0.944* 1 

R value = 0.878 *Significant at 5% level of probability 

Perusal of data in Table 4.29 depicts the correlation in the mulched plots in bitter 

gourd. The total fruit yield showed a significant negative correlation with leaf area (-

0.907). Plant height expressed a significant positive correlation with number of branches 

(0.991) whereas, it was negative with the leaf area (-0.993). Number of branches had 

a negative correlation with leaf area (-0.971). Number of fruits plant
-1

 had shown 

significant positive correlation with days taken to 1
st
 harvesting (0.960) whereas, 

days taken to 50% flowering (-0.960) expressed a significant negative correlation. Days 

taken to 1
st
 flowering had a significant positive correlation with days taken to 50% 

flowering (0.944) whereas it was negatively correlated with days taken to 1
st
 

harvesting (-0.944). 

 Table 4.30 shows the correlation results in bitter gourd under non 

mulched plots. The total fruit yield had a significant positive correlation with 

number of fruits plant
-1

 (0.960), whereas, it was negatively correlated with number 

of branches plant
-1

 (-0.922). Plant height had a significant positive correlation with 

days taken to 1
st
 flowering (0.892) and days taken to 50% flowering (0.892) whereas 

it had a negative correlation with the leaf area (-0.974). Number of branches had 

expressed significant positive correlation with days taken to 1
st
 harvesting (0.991) 

however, it had a significant negative correlation with leaf area (-0.886). With regard 

to the days taken to 1
st
 harvesting it had a significant negative correlation with leaf area 

(-0.938). The results are in conformity with Moniruzzaman (2006), Awodoyin 

(2007), Ojeniyi et al. (2007), Dauda (2011), and Norman et al. (2011). 

 

44



Table 4.29 Correlation analysis in the mulched bitter gourd plots 

  Yield P.H. N.B. N.F.  1st F. 50%F. 1st H. L A 

Yield 1 

       P.H. -0.853 1 

      N.B. -0.780 0.991* 1 

     N.F. -0.355 -0.183 -0.306 1 

     1st F. -0.248 0.716 0.799 -0.817 1 

   50%F. 0.082 0.449 0.558 -0.960* 0.944* 1 

  1st H. -0.082 -0.449 -0.558 0.960* -0.944* -1 1 

 L A -0.907* -0.993* -0.971* 0.070 -0.632 -0.344 0.344 1 

R value = 0.878 *Significant at 5% level of probability 

Table 4.30 Correlation analysis in the non mulched bitter gourd plots 

  Yield P.H. N.B. N.F.  1st F. 50%F. 1st H. L A 

yield 1 

       P.H. -0.451 1 

      N.B. -0.922* 0.760 1 

     N.F. 0.960* -0.186 -0.780 1 

     1st F.    0.00 0.892* 0.384 0.277 1 

   50%F.    0.00 0.892* 0.384 0.277 1 1 

  1st H. -0.866 0.837 0.991* -0.693 0.5 0.5 1 

 L A 0.640 -0.974* -0.886* 0.402 -0.768 -0.768 -0.938* 1 

R value = 0.878 *Significant at 5% level of probability 

4.3 Economics 

Economics of the mulched and non mulched plots for tomato, chilli, brinjal and 

bitter gourd  

The data pertaining to gross income (ha
-1

), net returns (ha
-1

) and benefit cost 

ratio of the four vegetables under study during the Rabi seasons of 2016 and 2017 is 

presented in Tables 4.31, 4.32, 4.33 and 4.34.   

Gross returns (Rs ha
-1

) 

The gross income (Rs ha
-1

) with the mulched and non mulched plots has been 

given in Table 4.31. In the mulched plots the gross income was observed to be 

104264.00, 45000.00 and 100000.00 and 202000.00 whereas in the non mulched 

plots it was recorded to be 80000.00, 28599.00, 50000.00 and 160000.00 

respectively for tomato, chilli, brinjal and bitter gourd. The highest gross return in 
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the mulched plots and non mulched plots was recorded in bitter gourd followed by 

tomato.  The mulched plots recorded an amount of Rs 202000.00 ha
-1

 in bitter gourd 

followed by Rs 104264.00 ha
-1

 tomato while that in the non mulched plots it was 

observed to be bitter gourd Rs 160000.00 ha
-1

 followed by Rs 80000.00 ha
-1

 tomato. 

Similar results were reported by Singh (2017).  

Net returns (Rs ha
-1

) 

The net returns (Rs ha
-1

) were the highest in the treatments having mulch. 

Bitter gourd (160419.00) followed by  tomato (65083.00) recorded the maximum 

net returns in the mulched plots while in the non mulched plots bitter gourd and 

tomato recorded a net return of Rs 126419.00 and Rs 48819.00 ha
-1

 respectively. 

The lowest net return was obtained in chilli in the mulched (9099.00) and non 

mulched plots chilli Rs 698.00 ha
-1

 respectively. The highest net returns with the 

drip and plastic mulch treatment may be attributed to the higher yield of fruits. 

Similar results were reported by Singh (2017) and Suresha et al. (2007).   

Benefit-cost ratio 

 The benefit-cost ratio was higher in bitter gourd and tomato both in the 

mulched (4.85 and 2.66) and non mulched plots (4.76 and 2.56 respectively). 

Similar results were reported by Prajapati et al. (2016) and Singh (2017). 

  

 

 

 

 

 

 

 

 

 

46



Table 4.31 Cost of cultivation in tomato 

Sl. 

No. 

Operation/inputs Requirement/ha Rate(Rs) Total cost 

(Rs) 

A. Fixed cost    

1. Seed 200 g 25 5000.00 

A Main field preparation 

b. Tractor ploughing 3 hours 750/hrs 2250.00 

c. Layout of the field 10 man days 207/ man 

days 

2070.00 

d. Planting 10 man days 207/ man 

days 

2070.00 

e.  Drip Irrigation 15 hours 300/hours 4500.00 

2. Plant protection chemicals 

a. Cost of chemicals 1500ml 20 3000.00 

b. Application cost of 

chemicals 

3 man days 207/ man 

days 

621.00 

3. Cost of mulching 8000             - 8000.00 

4. Application cost of 

mulching 

By mulching 

machine 

 1000 1000.00 

5. Harvesting 10 man days 207/ man 

days 

2070.00 

6. Loading and carrying 

for Market 

6 times 750/hours 4500.00 

 Total A   35081.00 

B. Variable cost    

A. Inorganic fertilizers 

1. N:P:K 3 kg  700/kg 2100.00 

2. Growth hormones 10 g 200rs/ g 2000.00 

 Total B   4100.00 

 Total cost (A+B)                                                                       39181.00 
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Table 4.32 Cost of cultivation in chilli 

Sl. 

No. 

Operation/inputs Requirement/ha Rate (Rs) Total cost 

(Rs) 

A. Fixed cost    

1. Seed 1.5 k g 980/kg  1470.00 

A Main field preparation 

b. Tractor ploughing 3 hours 750/hrs 2500.00 

c. Layout of the field 10 man days 207/ man 

days 

2070.00 

d. Planting 10 man days 207/ man 

days 

2070.00 

e.  Drip Irrigation 15 hours 300/hours 4500.00 

2. Plant protection chemicals 

a. Cost of chemicals 1500ml  20 3000.00 

b. Application cost of 

chemicals 

3 man days 207/ man 

days 

621.00 

3. Cost of mulching 8000             - 8000.00 

4. Application cost of 

mulching 

By mulching 

machine 

       1000 1000.00 

5. Harvesting 10 man days 207/ man 

days 

2070.00 

6. Loading and carrying 

for Market 

6 times 750/hours 4500.00 

 Total A   31801.00 

B. Variable cost    

A. Inorganic fertilizers 

1. N:P:K 3 kg  700/kg 2100.00 

2. Growth hormones 10 g 200rs/g 2000.00 

 Total B   4100.00 

 Total cost (A+B )                                                                       35901.00 
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   Table 4.33 Cost of cultivation in brinjal 

Sl. 

No. 

Operation/inputs Requirement/ha Rate (Rs) Total cost 

(Rs) 

A. Fixed cost    

1. Seed 200 g 25  5000.00 

A Main field preparation 

b. Tractor ploughing 3hours 750/hrs 2250.00 

c. Layout of the field 10 man days 207/ man 

days 

2070.00 

d. Planting 10 man days 207/ man 

days 

2070.00 

e.  Drip Irrigation 15 hours 300/hours 4500.00 

2. Plant protection chemicals 

a. Cost of chemicals 1500ml  20           3000.00 

b. Application cost of 

chemicals 

3 man days 207/ man 

days 

621.00 

3. Cost of mulching 8000             - 8000.00 

4. Application cost of 

mulching 

By mulching 

machine 

1000 1000.00 

5. Harvesting 10 man days 207/ man 

days 

2070.00 

6. Loading and carrying 

for Market 

6 times 750/hours 4500.00 

 Total A   35081.00 

B. Variable cost    

A. Inorganic fertilizers 

1. N:P:K 3 kg  700/kg 2100.00 

2. Growth hormones 

Total B 

10 g 200rs/g 2000.00 

4100.00 

 Total cost ( A+ B )                                                                     39181.00 
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Table 4.34 Cost of cultivation in bitter gourd 

Sl. No. Operation/inputs Requirement

/ha 

Rate (Rs) Total cost 

(Rs) 

     

A. Fixed cost    

1. Seed 4 kg 1000/kg 4000.00 

A Main field preparation 

b. Tractor ploughing 3 hours 750/hrs 2250.00 

c. Layout of the field 10 man days 207/ man days 2070.00 

d. Planting 10 man days 207/ man days 2070.00 

e.  Drip Irrigation 15 hours 300/hours 4500.00 

2. Plant protection chemicals 

a. Cost of chemicals 1000ml   20          2000.00 

b. Application cost of 

chemicals 

3 man days 207/ man days 621.00 

3. Cost of mulching 8000        - 8000.00 

4. Application cost of 

mulching and staking cost 

By mulching 

machine 

       - 5400.00 

5. Harvesting 10 man days 207/ man days 2070.00 

6. Loading and carrying for 

Market 

6 times 750/hours 4500.00 

 Total A   37481.00 

B. Variable cost    

A. Inorganic fertilizers 

1. N:P:K 3 kg  700/kg 2100.00 

2. Growth hormones 2 g 200rs/g 2000.00 

 Total B   4100.00 

 Total cost (A+B)                                                                           41581.00         
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FIG. 1. GENERAL VIEW OF EXPERIMENTAL FIELD  WITH MULCH 

CHILLI 

TOMATO 
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FIG. 2. GENERAL VIEW OF EXPERIMENTAL FIELD WITH MULCH 

 

BRINJAL 

BITTERGOURD 
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FIG. 1. GENERAL VIEW OF EXPERIMENTAL FIELD WITHOUT MULCH 

 

BRINJAL 

BITTERGOURD 
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FIG.2. GENERAL VIEW OF EXPERIMENTAL FIELD  WITHOUT MULCH 

 

TOMATO 

BRINJAL 
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CHAPTER-V 

SUMMARY AND CONCLUSIONS 

         

 A field experiment entitled “Effect of mulching on vegetables as intercrop in 

the Kinnow orchard under agro-climatic condition of Bastar plateau of 

Chhattisgarh” was conducted during the Rabi season of 2016-17 at the Instructional 

farm, College of Horticulture and Research Station, Jagdalpur (C.G.).  

The experiment was laid out in T-test with three replications. The treatment 

consisted of mulched and non mulched plots in four different crops viz., tomato, chilli, 

brinjal and bitter gourd. Observations on 13 important characters viz., plant height, 

number of branches plant
-1

, number of fruits plant
-1

, days taken to 1
st 

 flowering, days 

taken to 50% flowering, leaf area, nutrient uptake (N, P and K), days taken to 1
st
 

harvesting, protein, total soluble solids, vitamin C, yield plant
-1

 and yield ha
-1

. The 

growth studies, correlation and B: C ratio its components have also been summarized 

below: 

A. Tomato  

The mulched plots of tomato recorded the maximum plant height (59.85cm), 

number of branches plant
-1

 (26.53), numbers of fruits plant
-1

 (43.93), days taken to 1
st
 

flowering (42.00), days taken to 50% flowering (61.00), leaf area (16.69cm), nutrient 

uptake (123.27, 14.21 and 110.81 NPK respectively), days taken to 1
st
 harvesting 

(78.00), protein percent (7.75%), TSS percent (4.56), vitamin C (25.08), yield plant
-1

 

(13000g), yield ha
-1

 (130.33q) and benefit cost: ratio of (2.66). However, the non 

mulched plots recorded the maximum plant height (55.17cm), number of branches 

plant
-1

 (18.20), numbers of fruits plant
-1

 (24.80), days taken to 1
st
 flowering (46.66), 

days taken to 50% flowering (67.00), leaf area (11.34cm), nutrient uptake (113.70, 

12.09 and 97.76 NPK respectively), days taken to 1
st
 harvesting (83.00), protein percent 

(6.71%), TSS percent (3.60), vitamin C (23.61), yield plant
-1

 (10000g), yield ha
-1

 (100q) 

and benefit cost: ratio of (2.56).      
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(B)  Chilli   

Perusal of data on the mulched and non mulched plots revealed the following 

results. The mulched plots recorded the maximum plant height (60.64cm), number of 

branches plant
-1

 (37.47), numbers of fruits plant
-1

 (58.73), days taken to 1
st
 flowering 

(35.67), days taken to 50% flowering (55.67), leaf area (62.46cm), nutrient uptake 

(74.65, 13.04 and 77.44 NPK respectively), days taken to 1
st
 harvesting (76.67), protein 

percent (2.80%), TSS percent (4.37), vitamin C (120.04), yield plant
-1

 (3000g), yield ha
-

1
 (30q) and benefit cost: ratio (1.25). However, the non mulched plots recorded the 

maximum plant height (53.71cm), number of branches plant
-1

 (25.60), numbers of fruits 

plant
-1

 (16.65), days taken to 1
st
 flowering (43.67), days taken to 50% flowering 

(64.00), leaf area (51.39cm), Nutrient uptake (72.50, 12.24 and 74.69 NPK 

respectively), days taken to 1
st
 harvesting (80.67), protein percent (1.83%), TSS percent 

(3.33), vitamin C (112.14), yield plant
-1

 (1966.66g), yield ha
-1

 (19.66q) and benefit cost: 

ratio (1.02).      

 (C)  Brinjal 

The mulched plots of brinjal recorded the maximum plant height (52.61cm), 

number of branches plant
-1

 (21.53), numbers of fruits plant
-1

 (11.73), days taken to 1
st
 

flowering (42.33), days taken to 50% flowering (61.00), leaf area (57.66cm), nutrient 

uptake  (222.22, 33.34 and 107.99 NPK respectively), days taken to 1
st
 harvesting 

(77.33), protein percent (15.00%), TSS percent (5.27), vitamin C (15.41), yield plant
-1

 

(20000g), yield ha
-1

 (200q) and benefit cost: ratio (2.55). However, the maximum plant 

height (41.22cm), number of branches plant
-1

 (16.33), numbers of fruits plant
-1

 (5.97), 

days taken to 1
st
 flowering (45.67), days taken to 50% flowering (65.33), leaf area 

(47.66cm), Nutrient uptake (225.59, 34.27 and 114.23 NPK respectively), days taken to 

1
st
 harvesting (83.33), protein percent (11.00%), TSS percent (4.17), vitamin C (11.57), 

yield plant
-1

 (10000g), yield ha
-1

 (100q) and benefit cost: ratio of (1.60) was observed in 

the non mulched plots of brinjal.      

 

 

 

57



 (D)  Bitter gourd 

The mulched plots of bitter gourd recorded the maximum plant height 

(191.51cm), number of branches plant
-1

 (29.67), numbers of fruits plant
-1

 (42.27), days 

taken to 1
st
 flowering (63.33), days taken to 50% flowering (86.67), leaf area 

(43.15cm), nutrient uptake (47.67, 7.63 and 41.20 NPK respectively), days taken to 1
st
 

harvesting (95.67), protein percent (1.62%), TSS percent (1.34), vitamin C (46.21), 

yield plant
-1

 (10666.67g), yield ha
-1

 (101.66q) and benefit cost: ratio of (4.85). 

However, the maximum plant height (150.99cm), number of branches plant
-1

 (17.93), 

numbers of fruits plant
-1

 (32.07), days taken to 1
st
 flowering (71.33), days taken to 50% 

flowering (91.33), leaf area (36.91cm), Nutrient uptake (31.83, 6.85 and 34.13 NPK 

respectively), days taken to 1
st
 harvesting (106.00), protein percent (1.17%), TSS 

percent (1.76), vitamin C (24.64), yield plant
-1

 (8000g), yield ha
-1

 (80q) and benefit 

cost: ratio of (4.76) was recorded in the non mulched plots of bitter gourd.      

CONCLUSIONS 

1. The present investigation revealed that among the mulched and non mulched 

treatments, plastic mulch recorded comparatively higher yield attributes of tomato, 

chilli, brinjal and bitter gourd as intercrops in the kinnow orchard. 

2.   Higher economic returns were obtained with mulch under tomato, chilli, brinjal and 

bitter gourd intercropping system. 

SUGGESTIONS FOR FUTURE RESEARCH WORK 

On the basis of experience gained and results obtained after completion of present 

investigation, following suggestions are being made for further research work:  

 There is a need to conduct long-term investigation to ascertain the combined 

benefits of drip irrigation with mulches on crop yield under different 

intercropping systems. 

 Effect of mulching on other aspects like temperature modulation, pest and 

disease incidence, soil microbial flora and fauna and nutrient mineralization 

must be studied.  
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APPENDICES 

Appenx-I.Weekly meteorological data recorded during crop growth period. 

 

Week Week  Max. Min.  Rainfall 
Relative 

Humidity 
Wind  

Bright 

hours  
Rainy 

No   
Temp 

0C 

Temp 

0C 
mms I II 

Vel. 

Kmph 
Sunshine Days 

1.  1 Oct -7 Oct 30.8 22.7 47.9 95 68 3.5 5.7 4 

2 8 Oct -14 Oct 29.5 20.8 134.7 96 66 3.0 3.9 4 

3 15 Oct -21 Oct 29.7 17.0 0.0 97 37 2.8 9.1 0 

4 22 Oct -28 Oct 29.6 16.3 0.0 95 40 3.3 7.1 0 

5 29 Oct-4 Nov 30.7 20.9 0.0 94 49 3.2 5.1 0 

6 5 Nov -11 Nov 29.0 13.8 0.0 96 30 3.2 7.6 0 

7 12 Nov -18 Nov 29.7 15.4 0.0 97 41 2.1 6.4 0 

8 19 Nov -25 Nov 29.3 10.5 0.0 98 23 2.5 8.7 0 

9 26 Nov-2 Dec 30.7 10.4 0.0 94 24 2.2 8.6 0 

10 3 Dec -9 Dec 29.3 12.6 0.0 95 37 2.5 7.5 0 

11 10 Dec -16 Dec 28.8 13.1 0.0 93 32 3.4 4.8 0 

12 17 Dec -23 Dec 28.7 6.8 0.0 94 24 2.1 7.4 0 

13 24 Dec -31 Dec 28.8 7.5 0.0 94 29 1.9 7.3 0 

14 1Jan-7Jan 28.7 9.4 0.0 95 30 2.3 7.0 0 

15 8Jan-14 Jan 27.6 8.7 0.0 95 32 2.7 7.1 0 

16 15 Jan-21 Jan 28.4 7.0 0.0 95 25 2.7 8.9 0 

17 22 Jan-28 Jan 18.0 12.0 0.0 93 30 2.9 7.5 0 

18 29 Jan-4 Feb 23.0 10.4 0.0 92 23 2.3 8.3 0 

19 5 Feb - 11 Feb 32.1 11.4 0.0 89 28 2.6 8.8 0 

20 12 Feb - 18 Feb 31.3 12.3 0.0 90.3 27.3 3.2 6.6 0 

21 19 Feb - 25 Feb 34.6 12.4 0.0 86.7 19.0 3.6 9.9 0 

22 26 Feb - 4 March 34.2 12.1 0.0 79.7 15.7 3.1 9.6 0 

23 5 Mar - 11 Mar 33.7 20.0 11.9 83.7 42.3 5.7 6.8 1 

24 12 Mar - 18 Mar 33.4 14.9 0.0 82.7 21.7 3.8 9.5 0 

25 19 Mar - 25 Mar 35.6 16.9 0.0 76.0 19.7 3.8 9.5 0 

26 26 Mar - 1 April 38.8 21.8 0.0 77.3 25.3 4.7 7.3 0 
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