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CHAPTER I 

INTRODUCfION 

The Sugarcane (Saccharum officiI/arum L.) is a major source of sugar 

production in the world and meets 60% of the sugar needs. It is a long duration and 

exhaustive crop and depletes the plant nutrients from the rhizosphere to a greater extent. It 

has a very high range of adaptability, therefore. it is successfully planted in different 

ecological zones. 

It is the most important cash crop of North West Frontier Province 

(N'wTP.). The highest average yield of 51 t ha" in this province was recorded in the 

Charsadda dislricl with almost equal yield (50 t ha") in Peshawar district in Dera Ismail 

Khan (D LKhan) sugarcane was grown on an area of 5 J 28 hectares giving 181409 Ions 

with an average cane yield of35 Ion ha'l during 1992-93 (Anonymous 1994). 

Sugarcane. the major eash crop ofNWFP, occupies a unique position 

among the spectrum of crops in the province. The marvelous irrigation net work, well 

established sugar industry and the lucrative income generated by Gur making, has 

cnccuraged the sugarcane growers to plant sugarcane on 11 vasl acreage through out the 

province. 

Sugarcane growers ofNWFP who are ccnsidered as pioneers in the 

creation of sugar business in the ccuntry, have not yet been able 10 achieve the desired level 

of cane yield and net profit as ccmpared 10 other sugarcane growing countries of the world 

The sugarcane varieties have a potential of yielding 18410ne5 hectare if modem 

technology is applied more judiciously (Hussain, 1981). There are numerous reasons 10 this 

failure. Some life natural which cannot be overccme easily while, others are of technical and 

social nature which could easily be resolved with spirit and zeal of syslemalic research and 

adoption of modem production technology by the fanning community" 

The rapid increase in population and simultaneous decrease in area has 

made il necessary to increase the production and mccme per unit area. Although, sugarcane 

is a very high yielding and cash earning crop, yet Ihere is a scope for increasing further 



production per unit area per unit time by growing a suitable intercrop with minimum crop 

competition by using optimum fertilizer level and planting geometry, Intercropping is a popular 
, 

practice, especially at small fanns, in several countries of the world, It is an approach of getting 

additional farm income. Imercropping helps in several ways to improve yield and net income 

compared to sole crop from the same unit of land, Misra el al. (1989) reponed that 

intercropping reduced smut disease of sugarcane by interrupting the smut spores, Intercropping 

spic~s with sugarcane reduced the pyrilla (Pyrillah perpusella L) attack on sugarcane (Varun el 

ai. 1990), Similarly Jayabal el ai. (I99Oa) produced superior quality cane juice by intercropping 

with soybean. Nankar (1990) found reduction of greening in potato when intercopped Wilh 

sugarcane as compared to sole crop. Rehman et ai. (1989) reported the highest economic 

benefit from intercropping sugarcane with potato from mulching and lowest from pure cane. 

Pimgadi et ai. (1987) fOU'ld that legumes intercropped in sugarcane gave lower total yields 

equivalent than sole crop of sugarcane, 

The conventional methods of planting sugarcane do not permit the intercrop 

to Ilourish well due to over shading and mutual competition. The prevalence of 

intercropping systems on small farms in the developing countries and the demand lor more 

lOad has necessitated intensive research on intercropping. Razzaque (1986) studied 

production potential and economic feasibility of growing intercrops with sugarcane under 

different planting methods and fertilizer levels and reported that the yield of cane was the 

highest when intercropped. The row method of planting and fertilizer application was more 

benet1cial than broadcasting the intercrops. Sunl10wer inrercropped in sugarcane reduced 

sugarcane yield and gave a lower profit than sugarcane alone (Kannappan e! at 1990). 

Razzaque el at, (1978) obtained higher net retum in sugarcane-wheat intercropping as 

compared to sole sugarcane. ATtacho (1987) found that in sugarcane-peanut intercropping 

system, peanut plants on the unweeded plots were taller and produced lesser number of 

pods, while planting peanut right 3 days after planting sugarcane yidded more than those 

plan Led 6 and 9 days after planting of sugarcane, Krishnamurthy and Sankaran (1987) 

reported that integraLed weed management with herbicides and hand hoeing or cultivation 

proved superior in terms of yield and net retum. 

Intercropping, being a unique asset of tropical and SUbtropical areas, is more 

popular among small fanners. Pakistan being a subtropical country with optimum growing 
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conditions can easily exploit the possibilities of raising more than two crops in a year 

through intercropping which is considered as an effective technique for increasing 

production per unit area with suitable rann management practices. 

Research has shown that intercropping of compatible crops makes use of the 

resources very efllciently and provides yield advantages over sole crops. However, the 

conventional methods of planting sugarcane at close row spacing do not permit !he 

intercrops to tlourish well due to over shading and mutual competition. The prevalence of 

intercropping system on small fanms in the developing countries like Pakistan and !he 

demand for more food has necessitated intensive research on intercropping. Consequently 

!he present research project on sugarcane sunflower intercropping was initiated to achieve 

the following objectives:-

I. To evaluate !he suppressing effect of the imercrops on weeds and !he host crop. 

2. To determine the optimum fenilizer level for various intercropping patterns at 

different planting densities and 

3. To explore the Ii:asibility of sugarcane-suntlower intercropping and its economics. 
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CHAPTER II 

LITERATURE REVIEW 

Before launching a research project it is always desired 10 review the 

findings onhe previous workers of the similar nature in different agro-ecological zones. 

Thus, an attempt was made to gather the infonllation available inlhe country and abroad 

from different sources to bridge up the knowledge gaps. 

relevant information is presemed in this chapter. 

review of some of the most 

Yousaf( 1959) stated that wider spacing resulted in smaller and thinner 

canes. He obtained the highest yield of 140 to 150 of stripped cane t ha" from a sugarcane 

variety Co-I 144 when planted in rows 75 em apart with double sets. Bragadin (J 963) 

studied the clrcet of row spacing ranging !l'om J J 2.50 em to 172.50 em on cane and sugar 

yields and observed that 135-cm row spacing was the most productive one Tsc and Shiue 

(1965) stated that cane yield increased up to 8% when legumes were intercropped in cane 

crop. Mung lollowed by soybean was the most prolitablc while sesalllUill was not worth 

while. Chen (1966) evaluated the eflect of different spacing on plant crop and its first 

ratoon. The row spacing of L2 111, LO 111 and 0.8 m produced an aVemgc cane yields of 

50 II, 58.33 alld 56.14 t ha"', respectively. A row spacing of one l11eterwas found to the 

best and was recommended. 

Thompson and Dutai! (1969) were of the view that higher cane yield could 

be obtained at wider spacing. whellthe crop is given high fertilization, They further 

concluded that high population ofll1in, light stalk cane and closest spacing yielded inferior 

crop to that obtained at wider row spacing. Fasihi Itl al. (1970) reported that autunm 

planted cane had higher Pol percentage than March planted calle and by intercropping same 

seasonal crops yield was increased significantly. Isi1aq and Ali (1972) studied the economic 

asp(.,'Ct of inter cropping sugar cane with mung bean under nonnal conditions and found that 

intercropping of mung bean in cane did not show any adverse effect on cane yield but 
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increased seed production of mung bean and increased security against I1nancialloss in C<lse 

of poor yield when mung bean was grown 

Karim (1973) reported that the standard practice of placing double setts in 

60 em apan rows appeared to be the best practice for obtaining the maximum yield of 

C<lnelha. He found that sucrose percentage was not affected by different row spacings or 

pattems of sets placement. Rathi el af. (1974) intercropped sugarC<llle with Crow/aria 

jllilcea which was lifted and used as a green manure when its heigh! was one meter The 

indicated that inlercropping had no adverse effect on C<llle growth or juice quality. 

Intercropping increased the yield in mosl trials. Kanwar and Sherma (1975) recommended 

sunflower. mung and okra as suitable inter crops for autunm planted sugar cane in eastern 

region of Indian Punjab, India tor its remunerative return. 

Kar el al. (1975) obtained the highest net return for autumn cane + polato, 

followed by spring cane after potato. However, all intercrops except potato showed 

competitive effect. Singh (1975) jOlercropped beet with cane and found that when N,P and 

K were applied 10 the beet, but not 10 the C<llle, the beet adversely afiecled the C<lllC yield, 

but when the cane was fertilized and not the beet, the latter had no adverse effect. However, 

when both were fertilized, cane yield was reduced, Inter cropping on the other hand had no 

effect on juice quality. Ramos (1976) reponed that cane and sugar yield was signiilC<lntly 

increased when rows were spaced at 90 em, 

Chougule and Sangahavi ( 1977) found that inlercropping of lady's finger 

and soybean with sugarcane affected cane growth parameters and final yield, but not Ihe 

germination, while the net profit was greater from illlercropping than from cane alone. 

Lady's finger + cane proved 10 be the most profitable combination, Rathi et al. (1977) stated 

that all intercrops reduced cane yield but some systems improved juice quality. These 

intercrops were C<llle + mustard and cane + potato or late sown wheat. Narwal and Behi 

(1978) observed that when sugar C<llle was intercropped with differe!lt crops, the yield was 

the highest when the C<lne was planted in 60 em apart rows and i!ltercropped with mung. 
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The lowest yield was obtained from the cane planted in 90 em apart rows and intercropped 

with okra. Cheng (J 979) found that intercroppillg of maize with autumn planted sugar cane 

apparently improved the environmental condition of cane as it resulted in an increase in 

sugar yield. 

Shanmuga and Vcngopal (J 980) concluded that for high yielding cane a 

row spacing of 105 em was the optimum as compared to 60 em. The optimum seed rate 

varied between 25000 to J ,25000,3 budded sets per hectare, depending on air temperature 

and soil moisture during the early growth period, Curie (1982) conducted long-tenn field 

trials on Sunflower grown in rotation with wheat, sugarbeel and maize using 19 different 

r<.rpK treatments. The resuits from 1976-80 showed that seed yield and oil content of 

sunflower depended both on fertilizer and year and that oil contents declined at high 

fertilizer rates. 

Patil and Shah (1983) observed that application oDO kg N ha'i to rainfed 

sunflower, increased the seed yield from 273 to 413 kg ha'l, and decreased the oil content 

from 41.2 to 3839 percent Both the yields and oil content were reduced "vith 45 kg N 

ha,l Holt and Campbell (1984) investigated the influence of plant density on several 

agronomic traits of 4 ,~ml1ower cultivars grown at Indian prairies. They reported that 

population density of 40,000-85,000 plantslha had no significant effect on seed yield. The 

increase in percentage oil cotlletl! (44.3-45.6) with increase in plant density was significant 

As plant density increased, days to flower, and test weight increased while days to malUnty, 

head diameter and average seed weight decreased. Cultivars density interactions were 

generally not significant Environment (5 location-Yr) had a siglliticant effect on all variables 

and environment x cultivar interactions was significant for most of these traits. 

Parasad el at. (1985) reported that cane planted in 90-cm apart rows gave 

significantly higher yield than in 70 em apart rows due to thicker canes. Bukhtiar el al 

(1988) planted garlic, linseed, mustard, alraifa and sunflower as illlercrops with autumn

planted cane ev, L. t t 6. They discovered that the companion crops had no significant 
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adverse eflects on cane sprouting percentage, and liltering, However, they noled that 

mustard, alfalfa and sunflower, intercropped with cane, suppressed tiileril1g of the laler and 

reduced cane yield, Garlic had no adverse effect as intercrop, As far as net returns are 

concerned, the best combination was cane + three rows of garlic followed by cane + alfalfa 

and cane + mustard, lntercropping sunflower in cane showed poor results, The highest 

sugar yield of 17,44 t ha" was produced by the plot where sugarcane was sown as sole 

crop. The next highest yield of sugar was obtained from combination of sugar cane + garlic. 

When sunflower was inlercropped with sugar cane it produced the lowest sugar yield of 

10,096 t ha'l, Khalid el aI, (1988) illlercropped wheat in sugar cane at Faisalabad during 

1982-84. They inter-plallled wheat at 15 days interval from January lSI to 15th February as 

single alternate rows, in alternate paired rows or a strip of2·3 rows aller a strip of3-4 rows 

of sugar cane. They found that higher wheat yield was obtained from single alternate rows 

and higher sugar cane yields from three row strips. Cane yield was when wheat 

planting was delayed, Different dales of sowing for sugar cane had no eflect on yield of 

wheat. Singh e/ at (1988) tested the effect of mung bean, sesame, Setaria Iialica, forage 

sorghum, jute or PalllC1I1I1 miliacl!:lIlI1 iolercropped wilh rice in comparison 10 sole crop of 

rice in India They discovered that the paddy yield was decreased from 1.8 t ha" in rice 

monoculture to 1.0-1,7 t in the crop mixtures, but al! the mixtures except P. miliacl!lIm 

gave greater total economic yield than rice alone. The best mixtures were rice + mung bean 

and rice + forage sorghum. They also found that when mung bean + rice intercrop was top 

dressed with 20 kg N ha", it produced a 10% further increase in yield, 

Stanford (1988) rep0l1ed from Janlaic~ West Indies thai short term crops 

such as peas or red kidney beans were successfully intercropped with newly planted 

sugarcane, In the intercrops, the tillers were fewer and smaller than the tillers in the pure 

stand of sugarcane, however, no significant yield effect was observed between intercropping 

and sole crop of sugarcane. Belfquith.:1 £II (1989) planted single or double rows of 

sugarbeet between established single rows of sugarcane in Morocco in 1986--87, They 

found that the standard sugarbeet varieties grown in double rows gave the highest root 

sugar contents of 17,9%. Il1Iercropping decreased eXlractable sugar COlllent in sugarcane to 
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11.7 ton as compared to 17.2 t ha" in the sole crop It was observed that the highest lotal 

extractable sugar yield of24.3 t ha" was obtained when the standard cultivars of sugar beet 

was inter cropped in double rows between single row sugarcane. 

Jayabal el aI. (1989) compared the effect of inlercropping sunhemp, black 

gram, cowpea, or green gram in sugar cane with pure stand of sugar cane at the Sugarcane 

Research Station, Melalathar, Tamil Nadu, India, The results revealed that the highest cane 

yield of 113,8 t ha'! was provided by intercropping green with sugar cane followed by 

intercropping cowpeas with cane yield of 109.34 t ha·'. The intercropping also improved the 

quality of cane juice as compared to pure stands, 

Khanzada el al. (1989) studied the effect of relay and intercropping different 

crops in sugarcane including sunflower. They discovered that intercropping sunflower in 

sugarcane had positive emct on the number of seeds/head and Seed yield/ha. This resulted 

in reducing cane yieldlha as compared to cane yield in pure stand. Mane <11 al (1989) 

reported in a field trial in Maharashtra during rab! (winter) season of 1987-88, Sunflowers 

cv.EC. 68414 Mordee, MSFH-l and BSH-J were given 0-100 kg N ha" MSFH-I 

produced significantly higher seed yield, stalk yield and total DM yield than the other 

cultivars. Seed yields increased with increasing N levels, The seed yield increased to 2,59 t 

ha" with 100 kg N ha" as compared to 2,28 t ha" without nitrogen application. 

Misra el al. (1989) reported from Utter Pardesh, India that intercropping 

wheat, Indian mustard, Curial/drum salivllln, maize, sorghum or pigeon with 

sugarcane smut susceptible variety, interrupted smut (Uslilago sci/aminea) teHospores and 

reduced secondary infection. They added that the most effective intercrop in reducing smut 

infection was the Indian mustard, Pena I!I al. (1989) planted surulower varieties between 

sugar cane rows 10-35 days after taking a 5th ratoon cut tl'om sugarcane cv, CP 57603 in 

Columbia in 1986·87, The results depicted that sowing of sunflower varieties later thall 15 

days decreased its height and maturity, Capitulum diameter and 100 seed weight decreased 

with delay in sowing of sunil ower after sugarcane ratooning, 

8 

.'~ , 



Randhawa 1.11 at (1989) evaluated inlercroppingMeniha arvensls with 

sugarcane in the Punjab University Ludhiana, India in 1989. They indicated thai the 

sugarcane yield and Memha G/wlIsis herb essential oil yields were highest in monoculture. 

However, the highest gross return ofRs. 26698 lha was obtained with single rows of sugar 

cane imercropped with 2 rows of M arvel/SIs. Ahmad el af. (1991) studied the feasibility of 

intercropping rabi crops such as oilseed flax, BrmsicajllllCea, garlic, Medicago saliva and 

sunflower in autumn crop of sugar cane and compared it to sugarcane alone. These studies 

were carried out in the fields at Agriculture Research Station, Khanpur, Pakistan during 

1983-84. highest net income orRs. 52014 per hectare was obtained from the treatment 

where 3 rows of garlic were intercropped between sugar cane rows. Intercropping flax, 

BrcmicajIJII",w and Medicago saliva in sugarcane produced higher net income than sugar 

cane alone. The net return from sugarcane alone was Rs.2I 399/ha, which was significantly 

higher than the net income of Rs. I 1516lha produced by the intercropping of onc row of 

sunflowc' between sugar cane rows. 

Barredo el al. (1990) tested intcrcrop combinations between 5 rice and 4 

sugarcane cu1tivars to determine the economical imercropping system in Victoria. They 

observed Ihat early maturing and high tillering rice varieties were successfully intercropped 

in slow growing and low to moderate tilleting sugarcane varieties. The early maturing and 

high tillering rice varieties sugarcane height ill intercropping until 4 months but had 

no effect on yield at harvest. Govinden and Amason (1990) determined the relative 

importance of competition for light and water in intercropping of sugar calle with maize in 

Mauritius Imercropping maize with sugarcane caused large reduction in the cane biomass, 

tiller number, calle stalk yield and sugar yield. All of the adverse of the maize 011 the 

cane were attributed to the shading. However, it was discovered that although the growth 

of the cane was at first drastically reduced by the maize, it got accelerated after harvesting 

and removal of the maize. The "ratoppage" is proposed for this ability of sugarcane to offset 

initial setbacks in its growth. It was concluded that adequate supply of water to the 

sugarcane was necessary after harvest of the maize, to ensure rapid and complete ratoppage 

and hence full cane yield 
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Imam I!I ,,/. (1990) carried out inlercropping experiments in Bangladesh in 

1982-87. They reported that inlercropping lentil, mustard (Bl'lIssicajllllcea), wheat, 

cabbages and tomatoes significantly reduced sugar calle yield, without offsetting the 
~ 

monetary loss. They observed that sugar cane yield was greater when intercropped with 

potatoes than as II sale crop. They allribuled the benefit to the residual phosphorus and 

potash and to a degree to the nitrogen, They also saw a further increase in the yield of 

potato and sugar cane when straw was used as mulch, Increasing potato population to 

10 plants/m' gave the highesl yield, but not always the highest benefits. It was 

concluded that intercropping potatoes in sugar cane e)(ploited temporal complementarity 

between crops to the benefit of the farmers 

Jayabal et at. (1990a) determined the eRects of inter cropped soybean 011 the 

quality of sugarcane in Tamil Nadu, India during 1987-88, The results indicated Ihat all the 

inlercropped treatments produced cane juice of superior quality in terms of total solids, 

sucrose, commercial cane sugar contents and purity than the pure stand. The best results 

were observed in the treatment when soybean was intercropped in sugarcane paired rows 

(40f120 em). DiRerent of nitrogen left no eRect on juice Quality Jayabal et at. 

(1990b) worked out economic aspects of sequential intercropping in sugarcane in Tamil 

Nadu, India, Sugarcane grown in paired (40/120 em) rows and then sequentially 

intercropped with 3 rows each of soybeans, followed by Vig/la mungo, followed by bangal 

gram (Cteer arielillum), produced higher economic returns than other row 

Ilumberlintercrop combinations. Nitrogen levels 175 N ha" produced higher intercrop 

return that 225 kg N ha·'. Jayabal and Chockalingam (l990) reported the economics of 

intercropping vegetables with sugarcane in Tamil Nadu, India during 1982-84. 

vegetables such as Knol Khol, coriander, onions, french beans, radishes, carrots, bhendi, 

cowpeas were intercropped with sugarCllne. Cane yield from intercrops rnnged between 

84,5-108,0 I ha'l and was statistically at par with the cane yield of 100,21 t ha" from sale 

crop of sugarcane. However. the highest sugar yield of 16.1 t ha· 1 and the highest net return 

were obtained from the radish intercrop. Whereas, the lowest sugar yield of 12.8 t ha'l was 

obtained with the bhendi intercrop 
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Karmappan el al (1990a) compared the yield ofintel'croppillg black gram 

(Viglla nlOl/go), green gram (I: radlala), sunflower or ground nuts with sugar cane 10 that 

orthe sugarcane sole crop, They observed thaI black gram or green gram had no significant 

eflect 011 sugarcane yield and the maximum profit; sunflower affected the sugarcane 

yield adversely and was responsible for the lower net return than sugarcane grown 

Groundnut gave higher net return than sugarcane sole crop, Kannappan el ai, (1990b) 

working at Agri, Research Station, Cuddalore. Tamil Nadu, India determined the effect of 

intercropping on the yield and quality of sugarcane in field experiments at five locations 

during 1984·85, They intercropped Black gram (Viglla mill/go), green gram (V radiala), 

sunflower or groundnut with sugarcane, They found no effects 011 the yield of sugarcane by 

the intercropping of ~' mill/go or V rad/ala and got the highest net return as compared to 

the other intercropping treatments or sugar cane alone, Inlercropping sunflower with sugar 

cane reduced the yield and gave lower profit than the sugarcane Intercroppil1g 

groundnut with sugarcane had a slight reduction in yield of sugarcane (81J t ha· l vs 84.6 t 

ha"), but produced higher net return than sugarcane planted alone. 

Kapur and Kanwar (1990) tested the effect of intercropping wheat, raya 

(Brasslcajllllcea) or sugarbeet and diflerent levels of nitrogen in sugar cane. They found 

that the most economic N rate, were 

sugarcane + raya sugar cane + 

and 308 kg ha" for sugarcane + wheat, 

beet, respectively. They also reported that the best 

rate ofN for sugar production from the sugar cane + sugar beet system was 290 kg ha·', 

Kathiresan and Rajasekaran (1990) found that growing black gram (viglla mUl/go) or green 

gram (1/ radiala) in inter rows with sugar cane increased sugarcane set sprouting and gave 

cane yields of 55.8 and 55.7 t ha", respectively as compared to 52A t ha·1 when sugarcane 

was grown as sole crop. This increase in yield was attributed to the nitrogen fixation by the 

pulse crops. However, plots with sunflowers and groundnut as intercrops yielded only 

and 47.1 t of sugarcane. respectively, 

Kumar 111 ar (1990) found that intercropping vegetables such as tomatoes, 

cowpeas, tinda, guar and bhel1di with sugarcane at Kamal, India caused yield reduction in 
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sugarcane ranging from 4.4 to 22.3% compared to sole crop. However, the highest net 

return were given by the linda intercrop. Nankar (1990) repolted from India that 

inlercropping potatoes in tne center oftne ridge in sugarcane did 110t adversely aHeet the 

yield Greening of harvested tubers in the intercroppillg system was reduced to 4-6% 

compared with 15% in potato grown alone, and the potato crop gave 80% efficiency of 

weed control. He concluded that inter cropping potato in autumn sugar cane will increase 

sugar production efficiency. Nayak and Ghose (1990) reported that the He/iall/hlls W//IIl/lS 

varieties 68414, Surys and Morden were grown at 3 levels each ofN and P (0,30 and 

60 kg ha") yield generally increased with increasing levels ofN and P. EC 68414 

produced the highest number of fertilized acheneslhead. Seed yields ofEe 68414 and Surya 

increased to 60 kg ha" each ofN or P, whereas seed yield of Morden declined beyond 

30 kg ha" each ofN or P 

Panwar el al. (1990) compared different intercropping systems at Kamal, 

India during 1986-88. They obtained the highest net return from sugarcaneltentil 

intercropping compared to maize, wheat, gram, or raya intercropped with sugarcane. The 

cane yield in the lentil/sugarcane intercrop were 70.40 t l1a·1 compared to 69.75 t ha" cane 

yield in the sugar cane sole crop. The lentil/sugarcane intererop produced lentil seed yield of 

0.71 t ha" also 

Shinde el af. (1990) worked out the profitability ofintercropping summer 

ground nuts in sugarcane in Maharashtra. India. They planted ground nut in different row 

combinations of sugarcane. They found that 2 rows of groundnut intercropped between 

paired rows (75: 105) of sugarcane gave higher net returns than 60: 120 or 90 cm rows. All 

intercropping systems produced higher net returns than sugarcane grown in pure stands. 

Sinha et a1 (1990) investigated the effect ofintercropping pOlato (So/aI/urn luberosllm) 

with sugarcane in relation to row arrangement nitrogen levels in field trials at Sugarcane 

Research Institute, Rajendra Agricultural University, Pusa, India. Intercropping potato 

varieties with sugarcane increased net return by 54.3 to 76.2% as compared to pure stands 

of sugar cane. different varieties of potato differed in increasing yield The potato 
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variety Kurn Sindhuri gave 47-90 % higher yield than Kurn chandramukhi in either planting 

pattern. However, net returns were higher with paired rows of potatoes. Nitrogen 

application increased most sugar cane growth parameters, giving higher cane and potato 

tuber yield and a greater net profit 

Solanke Itl al. (1990) reported from Maharshtra. India that potato seedling 

tubers intercropped in sugarcane did no! affect the cane height, number of functional 

leaves/main shOal, number of visible internodes/main shoot or length and girth ofthe middle 

internode. The intercropping did not significantly affect yield of cane compared to 

sugarcane as monocrop. Varun el al. (1990) tested the effect of inter cropping spices on the 

incidence or lOp borer of sugar cane hi Seorahi, India in 1981 and 1983. Spices such as 

Coriandrum Sal/Vllln, Carum caplicllm (Trctchy~pemllm ammi), onion, garlic, fenugreek, 

fennel and Nigelkr saliva were imercropped with sugar cane. They observed that incidence 

oflhe Pyralid (insect) was significantly reduced with alilhe spices, but was the lowest with 

T ammi (4.8%), compared with the control (Sugar cane only) where incidence was 

14.65%. 

Yadav and Prasad (1990) evaluated intercropping french beans cvs with 

sugarcane in 2 row arrangE'ments (I: I and 1:2 sugar cane bean) and N levels ofO, 40, 30 or 

120 kg ho<'. Bean yield was significantly affected by cultivar, row ralio and N rates. The low 

duration french bean cultivar (VL 63 combined with 80 or 120 kg N ha<l) increased cane 

yield as compared to long duration bean cv PDR 14. Row arrangement did not affect cane 

yield equivalents; the reduction in cane yield was oft'Sel by Ihe increase in bean yield. 

Bhati el al. (1991) reported from Kamataka, India that green gram, china 

mung, grOUndl1111 and Tur (Caj{]Jnls cajan) decreased yield of potato when grown as 

intercrop. The highest financial return was given by the ground nul inlercropped with potato. 

Relay cropping tobacco with sugarcane did not significantly affect tobacco yield. Darmodjo 

(1991) in Indonesia discovered Ihallate planting of sugarcane (J-6 weeks) in onion had no 

effect on onion yield, or genmination percentage and on number of tillers/stalk or height of 
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sugarcane, They also concluded thaI intercropping would decrease fluctuation in fanners 

income because of high fluctuation of onion prices, 

Dixit and Misra ( 1991) evaluated intercropping gram (Vigna radiata), 

black gram U: mllngo), cowpeas, okra (Abelmoschus esclilellllls), groundnut, cluster beans 

(Cyamposis lelragoll%ba), amaranths, sesame, and finger millet (Eleusille coracalle) with 

sugar cane, The highest sugarcane yield of76,04 t ha'! was obtained from intercropping 

cluster bean with sugarcane, This treatment also gave the highest net return orRs,7502 ha", 

Jayabal and Sankaran (1991) studied the effect of intercropping and levels of nitrogen on 

tiller production and tiller mortality at sugarcane research station, Tamil Nadu, Agricultural 

University, Coimbatore, India during 1987-88, They observed that tiller production and 

mortality was at its highest when the sugar cane was grown in pure stands as compared to 

imercropped with soybean, V mUligo or ariellllulII; intercropping reduced tiller 

production to 187000 ha'l ill single rows of sugarcane alternating with the intercrops and to 

180,000 ha" to 181,000 ha" in paired sugarcane rows, They also found that higher N rate 

gave greater tiller mortalily in paired sugarcane rows than single rows, 

Patil el aI, (1991) reported that intercropping vegetables with sugarcane at 

Karantka, India revealed that radish and onion did not affect yield of sugarcane, The 

vegetable Capsicum GJlJIIIllIl1 decreased cane yield, highest cost benefit ratio was 

provided by interc.opping sugarcane with radishes or onions. Pena et al. (1989) evaluated 

different sowing dates for sunflower inlercropped wilh sugarcane in Cerrito (1000 m Iall) in 

1986-87, Sunflower was planted between sugarcane rows, 10-35 days after taking the S'" 

raloon cut. They found Ihal sowing later than IS days ratooning sugarcane decreased 

height and maturity of sunflower. Delaying sunflower sowing by more than 20 days after 

ralooning sugarcane decreased capilulum diameter and 100 seed weight. Sowing sunflower 

in sugarcane al different dates had no significant effect on the yield of sugarcane, Delay in 

sowing sunflower caused increase in height and diameter of sugarcane stem, 
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Sathyavelu e/ al. (1991) found that inlercropping pulses such as black gram 

(f'igllCl mill/go) or green gram (V radia/a) with sugarcane had no effect on the cane yield. 

But, they discovered that intercropping sunflower or ground nuts with sugarcane decreased 

calle yield from 149 t ha" when sugarcane was planted alone to 140-141 t ha'i when 

intercropped. None of the crops had any effect 011 the sugar percentage. The highest gross 

income was obtained from intercropping sugarcane with V mUl/go, Thakur (1991) 

evaluated deep water nce intercropped with jute, black gram (Viglla /11/1J1go), green gram 

(1< mdiala) or sesame, or rice/potato or sugarcallei V. radia/a sequence was grown over 

the two years, The highest equivalent rice grain yield of 4,2 t ha'i per year were obtained 

form rice + sesame intercroppillg or followed by sweet potato. rice + sesame 

imercrop produced the highest cest: retum ratio. The lowest equivalent of rice grain yield of 

2.3 t ha" was given by riroW mill/go, 

Wagh el aI, (1991) rCjlQrted in a trial with 4 sunflower cultivars grown 011 a 

clay loam soil. N rates (0,25,50,75 and 100 kg ha") increased seed yield (2,28-

2,59 t ha'l) and seed protein celllent (I 18.36%) but decreased oil celltenls (3798-

35.12%), Cultivars MSFH-J gave the highest seed yield of2,96 t, LlO t oil and 0,53 t 

protein ha''. Kanwar el al. (1992) compared the yield of autumn planted sugarcane alone or 

imercropped with potatoes, raya (8. jlll/cea), winter maize or wheat The sugar cane sole 

crop gave 100.3 t ha'l compared to 101 t ha" when intercropped with potato and 77,6-92.4 

t ha'! with the other autumn intercrops, The llet highest return was obtained from Ihc 

sugarcane + B, }/Illcea intercrop, Malavia el ai, (1992) reported the results of inter cropping 

experiments conducted during 1984-87 at Agricultural University, Gujrat. Junagadh, India. 

They observed that illtercropping groulldnut variety GG-2 with sugarcane produced the 

highest net return as cempared to illtercropping green gram (Vigna mdiala) or black gram 

(V. mUllgo), which is the cenvelltional way of intercroppillg practices in Gujral. The 

sugarcane pure stand was found to give the lowest net return 
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Parihar and Singh ( (992) determined the effect of intercropping on the build 

up of population of noctuid pests Agrolis ipsiloll Hb, and Helicowll7X1 armigem Hb, in 

potatoes during 1982-85 al Meerut, India, They observed significant differences in the 

build-up of pests among ditTerenl cropping systems, The pests build-up was intermediate in 

a pOlato-maize intercrop and in pOlato-sugarcane intercrop, Sharma el vI. (1992) 

studied the comparative performance of inter cropping of pulses in sugarcane, Pulses such as 

peas, beans (Phasl!ollls vulgaris) or chickpea varieties were intercropped with sugarcane in 

2: I row ratio and compared to sugarcane grown as sole crop, Sugarcane juice quality and 

recovery were not aflileted by intercropping, The highest sugarcane equivalent yield and 

additional profit were obtained from the sugarcane,! p, vulgaris intercrop, Chickpea gave 

the highest inlercrop yield of 1,14-\,19 \ ha-1 followed by vulgaris (0,721-1,00) and peas 

(0.44-0,63 t ha-1
) 

Sumalllri and Mllljayanti ( 1992) determined the perfornlance of 

intercropping soybean cultivars with sugar cane during 1990·91 in Indonesia. Soybean cv, 

Rinjani. Lompobatang, MSC-8306-LHlil. MLG,2675 and Wilis were intercropped between 

back row or alternate rows sugarcane, Intercropping did not significantly affect the cane 

yield, Soybean cvs, gave higher yield when intercropped between each row compared to 

alternate row of sugarcane, The soybean cvs, differed with respect to yield, The highest 

yield was obtained from soybean cv MSC 8306·I-LM and the lowest from cv Rinjani. 

Wang-Yen-Cheong el al. (1992) studied the effects of intercropping potato with sugarcane 

in Mauritius during 1989-91. They discovered that inlercropping with sugarcane did not 

afiilel the processing quality of potatoes. 

Ahmad el ai, (1993) estimated the viability of growing mung bean, feedmix 

(mash), duster beans (Guar) and soybeans in the spring crop of sugarcane at the Sugarcane 

Research Station Khanpur, Pakistan. They reported Ihat intercropping mung and 

dusterbeans reduced cane yield by 17-18%, while feedmix and soybean reduced the cane 

yield by 6-8%. It was also revealed that none of the intercropping system increased net 
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return The highesl net return was obtained from the treatment of sugarcane planted as pure 

sland followed by mungbean and feedmix intercropped with sugarcane" 

Kathiresan 131 al (1993) ecnducted experiments on nitrogen economizalion 

for sugarcane through different sources of nitrogen in Tamil Nadu, India" The results 

showed that intercropping mung or soybean in sugar cane produced the highest nel 

return per rupee invested as ecmpared to other sources of nitrogen" Koriem el al (1993) 

tested the perlbrmance of onion varieties Shendweel I, 6M& 20, intercropped 

with sugar cane at Malawi Experimental Station in Egypt during 1991·93" intercropping did 

not cane yield, brix percentage and sugar contenl. II was also revealed that onion 

varieties produced significantly different yield" The onion variety 20 gave the highest 

yield of II 14.0 tonlfeddan [I feddan=4200 m2l This variety also produced the highest 

bulb weight and diameter. Increasing number of onion rows increased total yield but 

decreased bulb weight and diameter in all cultivars. 

Lal and Muke~i ( J 993) intercropped wheat cv. Raj 82 J or sugarbeet cv 

Ramonskaya in autumn planted sugar cane at Agricultural Research Station, Sriganganagar, 

Rajasthan, India. Intercropping decreased sugar cane yield compared to yield in the sole 

stand. Sugar beet caused more reduction in yield than wheat, however, the highest gross 

return was obtained from sUf,arbeetl sugarcane intercropping. Rai el al. (1993) reported the 

survey of economics of intercropping in chikoo orchard in Gujrat, India and revealed that 

intercropping of sugar cane in Chikoo orchards gave higher return than intercropping wheat 

or rice. It was also found thaI small farnlers choose intrercropping in young orchards and 

obtained return ofRs. 16 I 67lha as compared to large fanms for which the return was only 

3356 per hectare. 

Shenna el al. (1993) from Madhya Pradesh,lndia reported thai they 

intercropped peas and chickpeas with sugarcane during 1987·89 and received no reduction 

in yield of sugar cane. They added that sugar cane yield equivalent was higher with 

intercropping compared to sole crop. The highest net return was provided the french 
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bean CV, VL 63 intercropped with sugarcane, Sih-Mmjayanti and Mana (1993) worked 

out the economics of intercropping soybean varieties in sugarcane in Indonesia during 1991-

92. They observed that intercropping soybean varieties in all rows or alternate rows of 

sugarcane had no effect on their growth but had a significant effect on seed yield. The 

soybean variety MSC 8306-I·IM intercropped in all rows of sugarcane gave the highest 

seed yield. The soybean varieties and intercropping pall ems did not reduce the sugar cane 

growth or yield. The average total land equivalent ratio (LER) was > I. The LER for crystal 

sugar was higher with alternate thall all rows illtercropped, while thc LER soybean seed 

yield with intercropping of all rows was almost twice than with intercropping of alternate 

rows. The highest total LER was attained by intercropping with the soybean cv MSC 8306-

I·IM in all rows. 

Singh e/ 01. (1993) investigated the effect of companion crops on the 

incidence of red rot (Glomerella hlcumonensis) in sugar cane in Lukhnow, India. They 

discovered that red rOI of sugar cane was reduced 10 its minimum (22-6 %), when 

sugarcane was planted with linseed, mustard Of onions as compared to 23,81% disease in 

the pure stand of sugar cane. The red rot incidence also decreased when sugar cane was 

sown after the harvest of pure stands of the pure crops. The low incidence was found in 

growing sugarcane after harvest of pure crop of garlic, mustard, coriander, onion or linseed. 

This low incidence ofthe red rOI disease in sugar cane planted in plots after harvest of the 

above pure crops was suggested to have been the result of the exudates of the roots of these 

crops having effC\o[ on the pathogen or on the host making it more resistant. 

Suryani and Rasjid (1993) intercropped coli 011 varieties Kanesiaone, LRA 

5166 and KJ 28 with sugarcane and evaluated their effects on the growth and yield of 

sugarcane, Their results indicated that intercropping cotton varieties in sugarcane decreased 

yield of sugarcane by 36% but increased seed colton yield by 50%, They also observed 

differences in effecls in the yield of sugarcane by different COllon varieties. The cotton cv. 

28 caused less decrease in yield of sugarcane than olher collon cultivars. Yin and Yang 

(1993) tested the outcome ofpotalo planted as one or two rows between sugarcane rows In 
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Fiji and fertilizer Juses of either sugarcane fertilized or sugarcane T potato fertilized. 

Inlercropping did not affect the cane yield and sugar recovery. However, net profit was the 

highest from intercropping two rows of potato with one row of sugarcane. 

Gill 111 al. (1994) detennined the effect of inter cropping lentil in aulumn 

sugar cane at Agricultural University, Faisalabad, Pakistan, They intercropped lenlil cv, 

Masoor 85 in sugar cane (a) single rows 60 em apart (b) double row strip 90 em apart or in 

100 X 100 em pils (e) 100 em (d)70 em (e) SO em apart, or pit (I) 100 em apart in 

diagonals, They found that intercropping had no effect on sugar cane yield or tOlal sugar 

production, bUI sugarcane yield ranged signifIcantly from 107,68 t ha'] in (a) 10 255,95 I in 

(f) and lentil yields from 100 kg ha'i in (I) to 318.5 kg in (b) Sugar cane intercropped with 

lentil gave 10.92% higher net economic yield than sugarcane alone, 

Kumar and Srivastava (l994a) studied the effect of planting methods and 

intercropping on the yield and quality of spring planted sugarcane atlhe experimental fields 

ofUchani. Kamal; a regional research station of the Haryana Agricultural University India 

in 1989-91 They planted sugarcane variety COS 767 on a sandy loam soil in paired rows 

(50: I 00 em), skip row (4th row skipped, em spacing or regular row (75 em) patterns 

with inlercrops of Vigna mill/go, V, radiata, V anguicliiala, maize and sunflower. They 

reported the highest cane yield from pure stand of sugarcane in paired rows and when 

intereropped, the highest cane yield carne from sugarcane + V radiala. They also found thai 

maize intereropped with sugarcane in skip rows pattern gave the highest sucrose 

percentage, Sugarcane equivalent was the highest in 1990-91 with sugarcane + sunflowers 

and sugarcane + V /lillI/go. 

Kumar and Srivastava ( 1994b) carried out field on inlercroppillg green 

gram (Vigl/a radiala), black gram (V mill/go), cowpeas, maize or sunflower in ratooned 

sugar cane cv, CO-S767 at Uchani, Haryana, India in 1989-91, and compared il to 

sugarcane alone as a check, They found that imercropping caused decrease I 1,8% (Black 

gram) to 30,7% (sunflower) in Iheyield of sugarcane as compared 10 yield of sugarcane 
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planted alone Among the intercrop, the lowest yield was provided by green granl and the 

highest by sunllower. Considering cost of production it was higher for maize and highest for 

sunflower; the only treatment that gave net return higher than the sugarcane alone was the 

sugarcane-Black gram intercropping. 

Porwal Itl €II. (1994) studied the c<:onomics of inter cropping peas, beans, 

garlic, omons, potatoes or wheat with sugar cane at Rajasthan, Agricultural University, 

Banswara, India during 1987-89, They reported that cane pure stands produced 

higher yields at 75 em row spacings than 100 ern spacings. Intercropped cane yield was the 

highest with garlic and the lowest with wheat in both years. Among all the cropping systems 

evaluated. the highest cane equivalent yield of 1403 t ha" was obtained from the 

garliclsugarcane intercropping in 1987-88. Net monetary return averaged over years was 

the highest from intercropping sugar cane with onions followed by growing spring 

sugarcane in sequence with potatoes or onion. Intercropping with onion gave the highest 

net income per rupee invested. Intercropping and multiple cropping with peas, P. vlligaris 

or wheat were not profitable. 

Saini and Singh (1994) conducted experiments on intercropping maize with 

sugarcane in Uttar Pradesh, India during \989-90, They planted different maize varieties 

with sugarcane in I: I or 2: I row ratios. They found that the sugar canefmaize cv D822 

produced the highest net return in 1:2 row ratio. Olher maize varieties and row ratios were 

less productive than the sugar cane alone treatment. Singh el al. (1994) reported from Udal 

Pur, India that intercropping potato, mustard or wheat in sugar cane in autumn produced 

higher yield compared to spring intercroppi!lg, They discovered that the inlercrop 

combination of sugar canefmustard gave the highest equivalent yield (164 and 154 t ha'l in 

both years) and Ihe highest net return. Su!)'ani and Rasjid (1994) tested the cITeCI of 

intercropping mungbean with sugar cane in Indonesia during 1991-92, They planted 

mungbean 2 weeks before ratooning, at ratoorung and 2 weeks after raloorung. It was 

observed that mung bean sowing had little effeet on growth and yield of sugar cane, 
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Late sowing decreased yield of mung bean. They sugi!5el,ted that for ease in cultivation, 

mung bean should be planted at ratooning. 

Varun el al. (! 994) reported from Uller Pradesh, India that intercropping 

spices such as coriander, onions, garlic, methi (Fenugreek), Saunf(Foolliclllum vulgare), 

mangrail (Nigel/a saliva) and ajwain (11'llchyspermum coplicum [T. ammi]) reduced the 

attack ofCllIlo m!lIscalelilison cane from 8.81% (no intercropping) to 1.60 to 

2.86% according to Ihe spice intercrop. el al. (1997) studied the eRect of 

intercropping green black 

the growth and yield attlibultes 

and groundnut with sunflower. Intercropping reduced 

of c;ompoflent speCIes compared with the 

respective pure stand, Sunflower in paired row (30-60 em) groundnut gave the highest ... 

seed yield of2646 kg ha" This intercropping treatment a1se gave the maximum LER (1.44) 

and monetary advantage (RsAOIO/ha). 

Sharma el al. (1997) evaluated effect of intercropping frenchbean, 

sunflower. isabgol and methi in autumn sugarcane. Sugarcane + frenchbean sewn 

in 12 ntio gave the highest cane yield (91.93 t ha'l) and cane yield equivalent (121.65 I ha' 

') This intercropping gave the highest ne\ return (Rs.S80S9) and maximum benefit cost 

ratio (2.96: I). The intercrops had no effect on the juice quality or sugar production. 

Sinsinwar (1997) reported that IIICt,m" and oat as intercrop in autumn planted sugarcane 

significantly reduced the cane yield as compared to sole crop. He also observed thai 

optimum level ofN (150 kg l1a") produced significantly higher cane yield than sub-{)ptimal 

level of nitrogen (100 kg ha"). Gulati fli al. (1998) investigated the biological and economic 

potenlial of autumn planted sugarcane in sole and intercropping system under various 

moislure regimes They found that intercroppillg of wheat alld rapeseed reduced (A1I1e yield 

by 16,6 and 8.3% respectively. The maximum net monetary reium of Rs.224931ha was 

obtained from sugarcane + rapes~:ld S\!stelm althe optimal moisture regime. It also 

produced the maximum (1.90) and oenem cost ralio (1.57) 
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Shukla and Pandey (1999) compared the mustard genotypes in 

imercropping and sequential cropping systems with sugarcane. They reported tha! sole 

sugarcane produced higher number of millable canes (134500/ha), higher individual cane 

weight (911.6 g) and higher sugarcane yield (82 t ha'l) than other treatments, Intercropping 

was found beneficial than sequential cropping. The mustard vanet y "Blo 417" in J: I ratio 

with sugarcane gave the highest cane equivalent yield (97.75 t ha'l) and net profit (Rs.S0648 

ha'1) 
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CHAPTERID 

MATERIALS AND METHODS 

The present research work on "Studies on sugarcane-sunflower 

intercropping system at different planting ralios, geometrical patterns and NPK levels with 

an emphasis on weed management and unit area income, was carried out at two 

locations Agronomic Research Area, Faculty of Agriculture, Gomal University, Dera 

Ismail Khan and Agricultural Research Institute. Raua Kulachi, Dera Ismail Khan, during 

autumn 1995 and 1996. and spring 1996 and 1997. Since both locations have a distance of 

about 10 kilometers. and fall in the same agroecologlcal zone, so all the experiments were 

considered as location trial for the purpose of analysis 

The experiments were laid out according to split plo! arrangement 

Randomized Complete Block Design having three replications The study comprised 

following experiments, 

Studies on autumn planted sugarcane (SC)-sunflower (SF) intercropping systems at 

different geometrical pall ems and NPK levels were conducted at Agricullure 

Research Institute, Dera Ismail Khan dllring autumn 1995 while the same 

experiment was conducted at Rakh Bibi campus, Gomal University. Dera Ismail 

Khan in autumn 1996 

2. Studies UI1 Spring planted sugarcane (SC)-Sllllllowcr (SF) inlerclOpping system at 

different geometrical patterns and I\PK levels were conducted at Agriculture 

Research Institute, Dera Ismail Khan dunng spring 1996 while the same experiment 

was conducted at Rakh Bibi campus. Gomal University, Dera Ismail Khan in spring 

3, Studies on sugarcane (SC)-suntlower (SF) intercropping system in different planting 

ralios and NPK levels were conducted during autumn 1995 at Rakh Bibi campus, 

Gomal University, Dera Ismail Khan. 



3.1 Crop varieties: 

The seed of commonly grown sugarcane variety Co-I 148 was obtained 

from a reliable progressive grower, while certified seed of sunflower hybrid Hysun-33 was 

obtained from the National Oil Seed Development Programme, Agricultural Extension 

Wing, Dem Ismail Khan. 

3.2 Soil and weather: 

II was ensured tllallhe land acquired for each experimentJseasonlyear and 

location was fallow in the preceding cropping season. Composite soil samples from the 

experimental sites upto a depth of 30 em were taken and analyzed at Agricultural Chemistry 

Laboratory, Agricultural Research Institute. Ismail Khan for the appraisal of physio-

chemical status of the soil before sowing of the crops using the methods suggested by 

Black (l965), Moodi el al (J 954) and Richard (l954), (Appendix 4.1) 

During the cropping seasons, no natural calamity was experienced. The 

meteorological data for the growing period of the crops for both the years were obtained 

from the Arid Zone Research Station, Gera Ismail Khan and are presented in Appendix 4.2, 

43 and 4.4. 

3.3 Layout and statistical analysis: 

All the experiments were laid out in a triplicated randomized complete block 

design with a split plol arrangement The fertilizer levels were assigned to the main-plols, 

while the planting geometries were kept in the sub-plots. The sub-plot size was 7.2 m x 4.5 

m for experiment No.1 & 2 and 7.2 m x 8 m for experiment No.3. The experiments No.1 & 

2 were laid out for two years or seasons i.e autl.lmn 1995 and 1996 and spring 1996 and 

1997. 

When sunflower parameters were analyzed, the treatment "sole sugarcane" 

was excluded from the analysis. Similarly when sugarcane parameters were analyzed, the 

treatment "sole sunflower" was excluded. Therefore, the number of treatments in the 

aforementioned lllJalysis were six and the degree offreedom was (t- But, when weed 



biomass and weed diversity data were analyzed, the sole plots were also included, hence the 

number of treatments were seven and the degree of freedom was six (t-I=6), 

All the data reeorded was subjected to the analysis of variance technique 

appropriate to the design, Fisher's protected Least Significant Difference (LSD ItOl) Test 

was used for comparing treatment means, All the data entered and calculations were 

perfurmed in Lotus 1·2·3 (Spreadsheet Lotus Corporation Ltd,) and statistical procedures 

by MSTATC (MST ATC Corporation, Michigan University, USA), 

Data of all the experiments were analyzed. separately for each year, The 

variances between different years of the same experiment, were tested for homogeneity, If 

the variances were found significantly different by applying Bartlet's test for homogeneity of 

variances, then the data, for two years, were not pooled lind the individual ANOY A was 

discussed for each year, 

v =m+a+e+b+ab +e 
III 1Jk j I 1 !J 1)1.; 

For weed and eeonomic data For sugarcane or sunflower data 

j=I, .. b, B=3 b=3 

k=1",n, N=7 11=6 

3.4 Fertilizer sources: 

Diammonium phosphate (OAP 46% P205+ 18% N) was used as a 

combined source of phosphorus and nilrogen For the remalning nitrogen, urea (46% N) 

was used, Potassium sulphate (K2S04 50"10) was applied as II source of Potassium. All 

fertilizers were obtained from the authorized Fauji fertilizer corporation dealers in the local 

market It was also ensured that only fresh fertilizers were procured, 

3.5 PARAMETERS RECORDED: 
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3,5,1 Weed parameters: 

3.5.1.1 Fresh weed biomass (g m'"): 

Weed data were recorded allhe sunflower harvesting time in all 

experiments, Weed samples were collected from three sites of m'l, randomly selected from 

each sub plot All the collected weeds were properly preserved in paper bags and weighed 

in the laboratory using electronic balance (OHAUS, modle TS4KD, USA) and average 

weight grams m'2 was computed, 

3.5.1.2 Weed diversity (relative diversity): 

Weeds collected for the fresh weed biomass were grouped according to 

their taxonomic status and identified up to species level and counted per sq, meter according 

to the following formula: 

Weed Diversity(%) = No, in a x 100 
Total No, in all species 

3.5.2 $unj1uwer para~: 

3.5.2.1 Days to 500/0 heading: 

All the treatments were visually observed twice a week and when half of the 

plants completed flowering, the days were counted from date of sowing, 

3.5.2.2 Plant height (em): 

Plant height was recorded at full maturity of the crop, Plant height was 

measured with the help of II measuring tape from basal node to the lip of capitulum of 

randomly selected tan plants in each treatment and then averaged, 
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3.5.2.3 Dise diameter (em): 

At maturity, ten randomly selected plant heads were harvested and 

measured across their maximum diameter with the help of steel measuring tape in 

centimeters (em), 

3.5.2.4 Sunflower 1000 achene weight (g): 

After harvesting and drying, three samples of 1000 seeds from each 

treatment were taken and weighed using electronic balance (OHAUS, model TS4KD, 

USA) and subsequently mean was computed for each treatment. 

3.5.2.5 

After harvesting, threshing and proper sun drying to an optimum moisture 

level, the total plol produce was weighed in kg and subsequently converted into kg ha" for 

each treatment. 

3,5.3 Sugarcane parameters: 

3.5.3.1 MiDable canes m" row lengtb (no): 

on miIlable canes were recorded with the help of a meter rod al the 

crop harvesting stage, Randomly three locations of one-meter length were selected in each 

treatment. Number of millable canes were counted in that row/strip and mean was 

calculated for each treatment thereafter, 

3.5.3.2 Stripped cane height (m): 

Plant height was measured with the help of II measuring tape, Ten randomly 

selected plants were cut off at basal node near the soil swface, cleaned and then tops were 

removed, The eane height was measured from basal node to the teoninal node and then 

averaged, 

3.5.3.3 Plant height-I was recorded just after the removal of sunflower plants from the 

field and was measured from ground level to the tip of ultimate leaf 



3.5.3.4 Plant heighton was measured at cane harvesting stage. 

3.5.3.5 Stem d.ia.mder (em): 

At harvesting stage. stalk diameter of the ten randomly canes at 

base, middle and top nodes was measured with the help of a vernier caliper (Diamond 

industries, Shanghai, China) in centimeters. 

3.5.3.6 Cane weight (g): 

Ten randomly selected canes (used for the stripped cane length) of each 

treatment were weighed individually on a triple balance and then averaged. 

3.5.3.7 Harvest index: 

Percent harvest index was calculated by using the following formula 

described by Donald and Hamblin, 1976. 

Harvest Index 
Economic Yield 
Biological yield 

Biological Yield'" Total biomass weight (including leaves & tops). 

Economic Yield", Total stripped cane yield. 

3.5.3.8 Top-cane ratio (%): 

Cane top is defined as number of leaves which arc still green and make a 

whorl on the top of the mature stalk sugarcane. Cane is the mature millable stalk of 

sugarcane plant. At harvest time. the top is removed and fed to the animals. The top

cane ratio was recorded by harvesting 10 canes at random from each sub-plot. After 

harvesting and stripping. the tops were separated and weigbed with the help of electronic 

balance. The percent ratio was calculated on the mean weight of each treatment. 

3.5.3.9 Sugar recovery (%): 

Ten stripped canes from each treaunent at harvesting time were taken to the 

Chemical Analysis Laboratory, Chashrna Sugar Mi!ls, Oera Ismail Khan. The canes were 

crushed on an experimental power cane crusher and pole percentage of the juice was 

determined with polarimeter. The readings were to determine the sugar recovery 
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percentllge using II standard fonnula, Three readings were taken each treatment and 

averaged therea.fler 

3.5.3.10 Stripped cane yield (I ha'I): 

balance, 

All sub-plots were harvested, canes were stripped, topped and weighed on 

yield was then converted into cane yield (t ha'l) in each treatment. 

3.5.4 Economic analysis: 

3.5.4.1 Land equivalent mtio (LER): 

LInd equivalent ratio (LER) was computed according to the method as 

suggested by Crookston and Hill (1979) using the following fonnula: 

LER = Yield of a in mixture + Yield of b in mixture 
crop yield of a Sale crop yield ofb 

Where a sugarcane 

b ~ sunflower 

3.5.4.2 Benefit cost mtio (BCR): 

The benefit cost ratio (BCR) was calculated by dividing the income by 

lotal expenditure, Economics Training Manual (CIMMYT 1988) 

3.5.4.3 Expected yield (EY): 

The expected yield (EY) was calculated using fonnula described by Willey. 

The fonnula is given as under: 

Sown nrc.nrlrtic!n a)( Yield of a in mixture 

3.5.4.4 Yield advalltllge (%): 

Advantage percentage over expected yield was calculated by following 

fonnula as described by Willey, 
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Yield advantage % over expected yield (C~o~m~b~in~e=d~~~~~~-~C~o~m~b~in~ed~m~ix~t~ur~e~~ - x IOC 
Combined expected yield 

3.5.4.5 Aggressivity vailles: 

Aggressivity value was calculated using following formula (Mc 

Gilchrist, 1965): 

mixture ora 
AV ~ ~~~~---'---~--

Mixture orb 

Pure yield of ax Sown proportion of a Pure yield of b x Sown proportion of b 

3.5.4.6 Relative crowding coefficient vallie: 

Relative crowding coefficient value was calculated using the following 

formula (Hall, 1974) 

MixlUre a 
RCCvruuc;~-----~~--~-----

Pure stand yield of crop" - Mixture yield of crop a 

3.5.4.7 Competitive ratio: 

Competitive Ralio was calculated using the following formula (Chatte~ee 

and Bhattacharyya, 1982): 

Competitive Ratio 
Land Eqivalent Rlttio of crop a 
Land Eqivruent Ratio of crop b 
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3.6 Experiment-I 

Studies on amunm-planted sugarcane (SC)-sunf1ower 

intercropping system at different geometrical patterns and NPK levels: 

Institute, 

The experiment was conduered in autumn 1995 at Agricultural Research 

Ismail Khan and repeated in autumn 1996 at Gomal University, Dera Ismail 

Khan as described earlier wilh a net plot size of x 4.5 m'. The fertilizer levels were kept 

in Ihe main plots, while geometrical paJlems were assigned to the sub plots. Detail of the 

main and sub plots is given below: 

3.6.1 Main plots: 

Main plots comprised difrerelJ! fertilizer levels, detail is as under: 

N:P:K (kg ha<l) 

I. 140: 100: 100 

2. 160: 120: 150 

3. 180: 140200 

3.6.2 Sub-plot arrangement: 

Treatmem-I: The sole sugarcane crop was sown in the pattern of 60 em apart rows 

(conventional method) (Sugarcane 12 rows). 

Treatment-2: The sugarcane was planred at 60 em apart rows and a row of sunflower was 

planred in between the sugarcane rows, making a total of sugarcane and 

II sunflower rows per plot (Sugarcane 12 rows+ Sunflower 11 rows). 

Treatroem-3: Six sugarcane double-row strips 90 em apart with 30 em space between the 

rows of each strip were planred in each sub-plot (30190 em), A single row of 

sunllower was intercropped in the interstrip space (90 em) of sugarcane 

making a total of 5 sunil ower rows in each sub-plot (Sugarcane 12 rows + 

Sunflower 5 rows). 

Treatment4: Six double-row strips 90 em apart with 30 em space between Ihe 

rows of each strip were planred in each sub-plot (30/90 em). Two rows of 
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sunflower were intercropped in !he interstrip space (90 em) of sugarcane 

making a total of 10 sunflower rows in each sub-plot (Sugarcane 12 rows+ 

Sunllower 10 rows). 

Treatment-5: Four sugarcane lripl~row strips 120 em apart with 30 em space between !he 

rows of each strip were planted in sub-plot (301120 em). Two rows of 

sunflower were intereropped in !he interstrip space (120 em) of sugarcane 

making a total of 6 sunflower rows in each sub-plol (Sugarcane 12 rows+ 

Sunflower 6 rows). 

Trealmem-6: Four sugarcane triple-row strips 120 em apart with 30 em space between the 

rows of each strip were planted in each sub-plot (30/120 em). Three rows of 

sunflower were intereropped in the interstrip (120 em) of sugarcane 

making a total of 9 sunflower rows in each sub-plot (Sugarcane 12 rows + 

Sunflower 9 rows). 

Treatment-7: Sole sunflower was planted at an inter row distance of 60 em (eonvemional 

method) (Suntlower 12 rows). 

The sugarcane crop was planted on a well-prepared flat soil on 51h 

September 1995 and 12th September 1996. Two budded setlS were placed half-overlapped 

on the plough-made furrows and then covered with earth. The l1eld was irrigated just after 

planting sugarcane. After 4-6 days of irrigation, when field was in an optimum moisture 

condition (Watter condition) sunflower seed was sown by dibbling method in the plOlS 

where intercropping was pre-designated. A three-cm deep hole was made with the help of a 

pointed wooden board (dibble). Two to three seeds were sown per hills and distance 

between the hill was 22.5 cm. and covered with sand to ensure proper germination and 

avoid bird's damage to suntlower seed. The missing plants were re-sown 10 days to 

get !he required plant popUlation. The field was irrigated as and when required using canal 

water. Plant protection measures were adopted by applying synthetic insecticides for !he 

control of insect pests (borrers. aphids and termites). 

The sunflower crop of autunm 1995 and 1996 was harvested in the 1st 

of December 1995 and 2nd week of December 1996. respectively. The heads were sun 

dried and threshed using a tractor driven sunflower thresher after necessary observations, 
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Su~!arcane crop was harvested in December 27, 1996 and D(lj:erniber 21, 

1997 manually, and data were recorded as detailed and described in section 

3.6.3 Fertilizer application: 

Whole of phosphorous (Diamrnoniurn phosphate) and potash (PcltassiulrD 

sulphate) were applied at the time of planting sugarcane. The amount of nitrogen the 

DAP source was considered as first dose ofnilrogen For the remaining nitroge~ urea was 

divided into two equal halves, First half of the urea (2nd dose of nitrogen) was applied at 

time of sunflower heading (November), while remaining half of urea (3rd of 

nitrogen) was side-dressed during the second week of May and earthing up was done in the 

end of May, 

3.6.4 Main-plot arrangement: 

The main plots consist oflhree fertilizer levels as follow, 

I. 140: 100:100 

2, 160: 120:150 

3. 180:140:200 

3.6.5 Sub-plots: 

Sole ( 12 rows 60 em apart) 

2, SU,garcarle I row + sunflower 1 row 

3. Sugarcane 2-row strips + sunflower I row between the strips (30:90) 

4. strips + sunflower 2 rows between the strips (30:90) 

5. Sugarcane 3-row strips + sunflower 2 rows between the strips 120cm) 

6. Sugarcane 3-row strips + sunflower 3 rows between the strips (30: J 20 ern) 
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7. Sole sunflower (12 rows 60 em apart) 

3.6.6 Observations recorded: 

Standard procedures, as described earlier in sections 35, 3.5.2 and 3.5.3 

were followed 10 record observations on the following parameters 

3.6.7 Weed parameters: 

1. Fresh Weed biomass (g m
o2

). 

2. Weed Diversity. (relative diversity) 

The following weeds were collected from the experimental plots 

and identified. 
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Table 3,6,7a Weeds recorded from sugarcane-sunflower intercropping 

S.No. Local Name English Names Botanical Names 

Tararh large crabgrass Dif51laria sal1f51linalis 

2 Lehli Field bindweed Conllo!l11111s arvensis 

3 Khabal Bermuda grass CYllodan dactyloll 

4 Pohli Carthamus Carlhanms oxycamha 

5 Bed straw weed Ga/illm aparille 

6 Leh Canada thistle Cirsillm arvellce 

7 Dumbig/lass Littleseed canary [5IaSs Pha/aris millor 

8 Janglijai Wild oat Avenajalua 

9 Billi bood Blue pimpernel Anagallis 

10 Jangli lonk Portulaca oleracea 

II Mama California burdover Medicago polymorpha 

12 Bathu Common lambsquarters Chenopodium album 

13 Tandla ....... ------ Digera munca/a 

14 Itsit Horse purslane Trial/thema porlulacastmm 

15 Gidarwar Bilterweed CO!lYza ~Mcla 

16 Daryahi booti Eclipta Eclipla prosfrala 

17 ChoOla datura Cockle burr ranlhium slmmarillm 

18 Deela Purple nutsedge Cyperus rOlll!ldlls 

19 Kanda --_ .......... ----_ ..... Solanum mnfhocarpum 

20 Bhalhal Spiny sowthistle SOllchliS asper 



3.6.8 SlIlInOwer pal'llmeters: 

L Days to 50% heading. 

2, Plant height ( em), 

3. Disc diameter (em), 

4, lOOO-achene weight (g), 

5, Seed Yield (kg ha\ 

3.6.9 Sugarcane pal'llmelers: 

1, Number of millable canes per meter row length. 

2, Stripped cane height (m). 

3. Stem girth (em), 

4. Weight per cane (g) 

5. Harvest index ratio, 

6, Top cane ratio (%), 

7. recovery (%). 

8. Cane yield (t ha') 

3.6.10 Economic analysis: 

L Land equivalent ratio (LER), 

2, Benefit Cost Ratio (BCR), 

3, Expected (EY), 

4, Yield (%). 

5, Relative crowding coefficient (RCC), 

6. COlmJ)<;tili've ratio, 
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3.7 Experiment-II 

Studies on spring cultivated sugarcane (Se)-sunflower (SF) 

intercropping system at different geometrical patterns and NPK levels: 

The experiment was laid out at Agricultural Research Institute, Dem Ismail 

Khan in spring 1996 and al the Gomal University, Oem Ismail Khan during spring 1997. All 

the experimental details were the same as described in the autumn planted experiment 

except the following: 

The sugarcane crop was planted on a well-prepared flat soil on 3rd 

February 1996 and 16th February 1997. The sunflower crop was planted soon after the first 

irrigation, and was harvested in the I" week of June 1996 and 2nd week of June 1997. The 

heads were sun dried and threshed using II tractor driven sunflower thresher after taking 

necessary observations for per hectare yield. 

Sugarcane crop was harvested in February 20, 1997 and March 14, 1998 

manually and necessary data were recorded. 

3.7.1 Fertilizer application: 

The whole of phosphorous (Diammonium phosphate) and potash 

(potassium SUlphate) were applied at the time of planting sugarcane. The amount of 

nitrogen the DAP source was considered as first dose of nitrogen. The remaining 

requirement of nitrogen was applied in the fOlm of urea and divided into two equal halves. 

First half of the urea (2nd dose of nitrogen) was applied at the of sunflower heading 

(April), while remaining halfofurea (3rd dose of nit rag en) was side-dressed in the second 

week of June and earthing up was done in the end of June year. 
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3.7.2 Observations recorded: 

Standard procedures. as described earlier. were followed to record 

observations on the tollowing parameters 

Wced parameters: 

I, Fresh Weed biomass {g m'\ 

2. Weed Diversity (relative diversity). 
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Table 3.7.3a Weeds recorded from sugarcane-sunflower inlercropping 
eXl!erimenl during sl!ring 1996 and 1997. 

S.No. Local Name English Name Botanical Names 

Ghass Millet, browntop Brachiaria ramosa 

2 Daryahi booti Eclipta £Clip/a prostrata 

3 Shahtra Furnitory Fumaria indica 

4 Gidarwar Bitterweed Conyza stricla 

5 Khabal grass Bennuda grass Cynodo/l dactyloll 

6 Kurand Nettleleaf goose foot Chenopodillm nil/rate 

7 Deela Purple Nutsedge Cypems rOlundus 

8 Dodak Spurge Euphorbia bombaiensis 

9 Bara swank Barnyard grass Echinochtoa cmsgalli 

10 J angli kanda Camel thorn Alhagi maurorom 

11 Bank gaas Annual bluegrass Poa amlUa 

12 Tararh Large crabgrass Digitaria sanguina/is 

13 Senghi Indian clover Melito/us indica 

14 Simla --~---------- Po/ypogoll .>pp. 

15 Baroo Jobnson grass Sorghum halepense 

16 I1sit Horse purslane Trial1lhema portulacastrum 
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3.7.4 Sun Rower parameters: 

I. Days to 50% neading. 

2. Plant neight (em). 

3. Disc diameter (em). 

4. Seed yield (kg ha·\ 

3.7.5 Sugareane parameters: 

I. Number of mill able canes per meter row length. 

2. Stripped cane height (m). 

3. Stem diameter (em). 

4. Weight per cane (8) 

5. Harvest index ratio. 

6. Top cane ratio (%). 

7. Sugar recovery (%). 

8. Stripped Cane yield (I ha"l) 

3.7.6 Economic analysis: 

I. Land equivalent ratio (LER). 

2. Benefit Cost Ratio (BCR). 

3. Expected yield (EY) 

4. Yield advantage (%). 

5. Relative crowding coefficient 

6. Competitive ratio. 
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3.8 Experiment·m 

Studies on antnnni cultivated sugarcane (SC)-snnflower (SF) intercropping system at 

different NPK levels and illtereropping ratios. 

The experiment was planted in aurumn 1995 al Goma! University. Oem 

Ismail Khan with a plol size of 7.2 x 8 m2
• The fertilizer levels were kept in the main plots. 

while replacement series were maintained sub plolS. All the rows of sugarcane or 

sunflower were planted 60 em apart. Detail of the main and sub plots is given below: 

3.8.1 Main plots: 

:-.l: P:K (kg hal) 

I. 140:100:100 

2. 180: 140: 150 

3. 220: 180:200 

3.8.2 Sub plots: 

L Sole sugarcane 100% (12 rows 60 cm apart) 

2. SC 75% + SF 25% (sugarcane 9 rows+sunflower 3 rows) 

3. SC50% + 50% (alternate rows) 

4. SC 25% + SF 75% (sugarcane 3 rows + sunflower 9 rows) 

5. Sole suntlower 100% (12 rows 60 em apart) 

The sugarcane crop was planted on a well~prepared flat soil on 27th 

September 1995. Two budded sets were placed ha!f~overlapped in the designated furrows 

(plough~made) and covered with earth. The field was irrigated just after sugarcane planting. 

After one week of irrigation. when soil was in proper moisrure condition (watter condition) 

suntlower seeds were sown by dibbling method in the plots where replacement series were 

desired. A three~cm deep hole was made with the help of a dibble wooden stick. Two-three 
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seeds were sown per hill and distance between the hills were 22.5 em, and the hole covered 

with sand to ensure proper germination and exclude bird damage to sunflower seed< The 

sunflower seeds were pre treated with fungicide (BerllateH' @ 200 gllOO seed) and 

dusting with carbryl (Sevin 1 OD'" @ I: 15) was done on the moist sand to protect the 

genninating seed from crickets damage in the missing plants were re-sown after 

10 days to a uniform planl population< The field was irrigated as and when required 

using canal water< Plan! protection measures were adopted by applying synthetic 

insecticides for the control of insect pests (borers, aphids and tenniles)< The sunflower crop 

which attracts birds (parrots) was protected from birds damage manually< 

The sunflower crop was harvested in the I" week of December 1995, The 

heads were sun dried and threshed using a tractor driven sunflower thresher after recording 

necessary observations 

Sugarcane crop was harvested in January 20, 1997 manually and after 

taking observations, it was sold to local farmers< 

3,8.3 Fertilizer application: 

The whole of the phosphorous (Diammonium phosphate) and potash 

(Potassium sulphate) were applied althe lime of planting sugarcaneisunfloweL The amount 

of nitrogen ITom the OAP source was considered as first dose of nitrogen, For the 

remaining nitrogen, urea was divided into two equal parts. First half of the urea (2nd dose 

of nitrogen) was applied at the time of sunflower heading (November), while remaining half 

of urea (3rd dose ofnilrogen) was side-dressed in the first week ofJune and earthing up 

was done in the end of June 

3,8,4 Sub-plot arrangement: 

Treatment-l: The sole sugarcane crop (12 rows) was sown in the pattern of 60 cm apart 

rows (conventional method). 

Treatment-2< The sugarcane wns planted at 60 em apart rows and every fourth row was 

replaced hy sHnllower row, making a lotal of 9 sugarcane and 3 sunflower 

rows per plOL 
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Treatment·3 Sugarcane and sunt10wer rows were planted in an alternate fashion, making 

a total of6 rows of sunflower/sugarcane each in a plot 

Treatmenl-4: The sunflower was planted at 60 cm and every fourth row of 

sunflower was replaced by sugarcane, making 9 rows of sunflower and 3 

rows of sugarcane. 

Treatment-S: Sole sunflower was planted (12 rows) at an inter row distance of60 em 

(eonventional method). 

3.8.5 Observations recorded: 

Standard procedures, as described earlier, were followed to reeord 

observations on the following parameters 

3.8,6 Weed parameters: 

I. Fresh weed biomass (g m-2) 

2. Weed diversity (relative diversity). 

The following weeds were eollected from the experimental plots and 

identified. 



Table 3.8.6a Weeds recorded from sugarcane-sunflower intercropping 
eXl!eriment during Rutumn 1995. 

S.No. Local Name English Name Botanical Names 

Tararh large crabgrass Digitaria sanguina/is 

2 Lehli Fieldbilid weed CUI/volvulus arvensis 

3 Khabal Bennuda grass tynodol/ dactylon 

4 Kandari Pohli Carthamus oxycantha 

5 Bed straw Catch weed Galium aparine 

6 Leh Canada thistle Cirsium arvense 

7 Dumbi ghass Littleseed canaI)'grass Phalaris minor 

8 Barik grass Annual bluegrass Poaanflua 

9 Khattak Sheeps sorrel Rumex crispus 

10 Jangli lonk --_.--------- Portulaca oleracea 

I 1 Winter weed Spergularia rubra 

12 Bathu Common lambquarters Chenopodium album 

13 Maina Calilontia burclover Medicago polymorpha 

14 Sirala f'ulypugol/ spp. 

15 Bhakra Puncturevine Tribulus lerrestris 

16 Kanda -_.--------- Solanum xanthocarpum 

17 Bhathal Spiny sowthistle Snnchus roper 
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3.8.7 Sunnower paramelers: 

I. Days 10 50% heading. 

2 Plant height (em). 

1 Disc dian1eter (em) 

4. I OOO-aehene weight (g). 

5. Seed yield (kg na") 

3.8.8 Sugarcane parameters: 

L Number oflillers per meier row length. 

2. Cane height-! (m). 

3. Stripped cane height-II (m) 

4. Stem diameter (em). 

S. Weight per cane (kg). 

6. Cane yield (t ha") 

3.8.9 Economic analysis: 

I. Land equivalent ratio (LER). 

2 Benefit Cost Ratio (BCR). 

3. Gross income (Rs) 

4. Net income (Rs) 

5. Cane yield equivalent 
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CHAPTER IV 

RESULTS AND DISCUSSION 

4.1 Experiment-l 

Studies on sugarcane-sunflower intercropping system at different geometrical 
patterns and NPK levels during autumn planting, 1995 lind 96; 

4.la Abstract 

Stlidies olilhe jeasihillly of illlel'cl'Ul'pilig .III/dlawer (SI-) ill sligarcane (SO under 

different geometrical pattems and ferlilizer doses were conducted at ARl, D.I.K.han during 

alltumn 1995 alld 96. The experimelllal design adopted was with split plOI 

arrangemel1l. Main plOI consiSled of Ihree.Jertilizer viz., 140-100-J 00. J 60- I 20-I 50 

and 180-/40-200 kg (NPK. ha-I
). Sub-plols contained seven geometrical pallerns viz .• sole 

sugarcallf! (sq. one row oj.lllgarcallf! ... one row of suliflower (SC I row + SF 1 row), 

SC 2-row strips -t SF I row. SC 2-row strips -+ SF 2 rows, SC 3-row strips - SF 2-rows, 

SC 3-row strips -+ SF 3 rows, alldsole SF. Data were recorded 011 plant height (cm), stem 

girlh (em), calle yield (/ ha·I), tOIr.bollom mlio alld sugar recovery FA) for sugarcane. 

Dala regardillg days to 50% headillg, plant height (em), disk (em), seed yield (kg 

ha·') of sunflower were also collected Weed biomass (g mol) was- obtainedfor each 

treatmelll. The main effecls for the fertilizer doses were statistically significant for all the 

parameters examined The besl petjomlGl/ce for all the parameters was- shown by the 

fertilizer applicatiun Cltlhe mle of ISO-f.l0-200 NPK hd' The illlercropping 

xeomelries d!f(el'ed siXIII/icalllly!ll a[ke/lllt{ the yield parameters. The highest land 

equivalelll ralio (LER) (1.59(,) \I'm compllted for lhe illlt!rr':l'oppmg geometry of alternate 

rows of smiflower ill sugarcaue. Ihe same IIItercroppillg geometry also ea1lsed significanl 

reductioll ill weed biomas~. lhe IlIIeraopplllg geomelry of fSC + fSF is recommended in 

Ihe allilimll planled.lIIgananejiJI' aehie1'illg grealer LER alld yield sustainability, because 

plaming smifiuwer as illiercrop brings abolll effiCient weeds management. Ihus helping il! 

ameliorating the cost qf prodllclion and avoidil/g environmenlal pollution. 
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4.1.1 Weed biomass: (g m'l): 

Thc cllcct of diHl:rcllt doses ofNI'K and intcrcropping geometries on the 

weed biomass (1$ m'2) in a sunflower-sugarcane intercropping system was detennined, The 

analysis of variance (Appendix-5.1. L I) revealed that effects of different fertilizer doses and 

their interaction with geometries on the weed biomass were non-significant during 1995, 

whereas the differences among intercropping geometries were Similar trend was 

observed during 1996 (Appendix-S.I.I.2) The weed biomass g averaged across years 

as affected by different NPK levels revealed that the NPK level of 180-140-200 kg ha'! had 

the least weed biomass. The suppression of weed with the highest NPK level of 

180-140-200 kg ha'! (F3) was visualized and might be the result ofluxurious growth of the 

crops during the early growth period, which might have suppressed the weeds as compared 

10 the lower NPK levels used in the study. These findings are in conflict to the conclusions 

of Radosevich and Holt (1984) who reported the highest weed competition in the highest N 

fertilization. 

The sub-plots thai consisted of different intercropping geometries indicated 

significant differences in biomass (Table 4. L 1.2). All the intercropping geometries 

significantly reduced weed biomass as compared to the weed biomass in sole sugar cane 

crop in both the years. The highest weed biomass of 528 g m'2 was obtained in the sole crop 

of sugarcane in 1995. while the lowest weed biomass of only 260 g m'2 was recorded in the 

inlercropping geometry I SC + 1 SF (G2) having alternate rows of sunflower and sugarcane. 

The weed biomass (g m'2) in sole sunflower was 323 g m'2 which was at par with one row 

of sugarcane + one row of sunflower (G2). Similar trends in 

during 1996. 

hit'lm~~< were recorded 

study oCTable 4.1.1,3 further exhibited that the numerical value ofthe 

highest biomass was recorded in the treatments involving sole crop of sugarcane. The sole 

sugarcane crop when fertilized with 180-140,200 NPK kg ha'! produced the highest 

biomass of weeds. Whereas, the minimum weed biomass was recorded in all the fertilizer 

applications to the alternate sunflower rows in sugarcane- sunflower intercropping system. 

The weed biomass data in Table 4.1.1.3 reveah:d that the geometrical 
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patterns failed to interact significantly in affecting the weed biomass, However, the weed 

biomass al the fertilizer dose of 140-100-100 kg NPK ha·
j 
in sole sugarcane tended to be 

higher (1133 g m") and the lowest weed biomass of380 g m'2 was observed in the sole 

sunflower at a fertilizer level of 140-\ 00-1 00 kg NPK ha", 

The sunflower due to its efficieot photosynthesis (C4 photo system), 

aggressive competitive ability and allelopathic nature might have suppressed the growth of 

weeds as compared to sugarcane alone, The best intercropping geometry was one row of 

sugarcane + one row of sunflower (I SC + I SF) which reduced the weed biomass to 

merely 260 g m" as compared to more than double (528 g m") in the sole crop of 

sugarcane in 1995 and from 420-949 g m'2 in 1996. These results are supported by the 

findings of Schon and Einhelling (1982) who observed depressing effect of decomposed 

residue of sunflower on seed gennination and seedling growth of sorghum 
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Table: 4.1.1.1 

NPK levels (kg ha-') 

140-100-100 

160120150 

180-140-200 

Years mean 

CDQ_05 

CV% 

Weed biomass (g m-1
) as alTeeted by different NPK levels in 

sugllrealle-sunnower illtereropping system during autumn 
planting_ 

1995 1996 Mean 

415 646 530.50 

410 667 538-50 

427 588 507.50 

417_33 633_67 

92_26 180_00 

17.05 22_38 

CD = Critical difference 

CV = Coefficient of variation 
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Table: 4.1.l.2 Weed biomass (g m·l ) as affected by different intercropping 
geometries in sugarcane-sunRower inter-cropping system 
during autumn planting. 

Intercropping geometries 1995 1996 Mean 

Sale SC 528 al 949 a 73850 

ISC+ISF 260d 420c 340.00 

2 SC + I SF 431 c 700b 565.50 

2SC+2SF 407 c 607b 507.00 

3 SC+2 SF 513 ab 660b 586.50 

3 SC + 3 SF 4S9bc 660b 559.50 

Sole SF 323 d 439 c 381.00 

Years mean 398.83 581.00 

CDo.o5 (Geometries) 68.03 135.61 

CV% 17.03 22.38 

CD = Critical difference 

CV = Coefficient of variation 

I Means sharing a letter in common in the respective column do nol differ significantly at p 
:: 005. 
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Table 4.1.1.3 Weed biomass (g m-I) as affected by the Interactive of NPK levels and intercropping geometries in a 
sugarcane-sunflower intercropping system during autumn planting. 

NPK levels (kg ha-') _ .. . _--- ------ --.--.. ---- -----
Intercropping geometries" 140-100-100 160-120-150 180-140-200 

1995 1996 1995 1996 1995 1996 -- _ ._--_ ._- - . --_. - ..• - -----
Sale SC 508 1133 529 880 457 883 

1 SC + I SF 242 383 275 467 263 410 

2 SC + 1 SF 475 680 418 673 400 747 

2 SC + 2 SF 383 627 401 627 437 567 

3 SC + 2 SF 533 600 456 813 550 567 

3 SC + 3 SF 457 720 470 727 450 533 

Sale SF 303 380 322 480 343 457 

CDo.o, 117.83 234.88 117.83 234.88 117.83 234.88 

CV% 17.05 22,38 17.05 22.38 17.05 22.38 

CD = Critical difference 
CV = Coefficient of variation 

[SF stands for sunflower, SC stands for sugarcane and figures before SF and SC denotes the number of rows in the geometrical pattern. 
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4.1.2 Days 10 50% heading: 

Days to 50% heading play an important role in the final seed yield, The 

analysis of variance (Appendix-5, 1.2, I) revealed lhat during 1995 the effect of different 

fertilizer doses, various intercropping geometries and their interaction on the days taken (0 

50% heading was statistically non-significant Similar results were recorded during 1996 

(Appendix-S, 1 .2.2), However, when the days to 50% heading were averaged across years 

as affected by different fertilizer doses, it was noted that increase in the doses offertilizer 

tended to reduce days to 50"10 heading, 

As regards intercropping geometries (Table 4,1,22), the sunflower took 

more days to 50% heading in 1996 as compared to 1995 which might be due to the 

environmental variation between the two years, The highest numbers of 103 days to 

50% heading were recorded in the intercropping geometry 2SC + 1 SF (G2) in 1996 as 

against 102 days in the sole crop, 

When averaged across years, the highest number of days (95.50) to 50"/0 

heading were observed in the intercropping geometry oflSC + I (G 1) as compared 

to 93.5 days in the sole crop of sunflower, The lowest number of days taken to 50"10 

heading were recorded in the sole crop of sunflower in 1995 and 3SC + 3SF (G5) in 

1996. It is speculated Ihat days to 50% heading are under strict control of genotype, 

therefore, it was not affected by either fertilizer doses or intercropping geometries, It 

was also noticed that the different doses of fertilizer had no interaction with 

intercropping geometries on the days to 50% heading of sunflower either in 1995 or 

1996 (Table 4.1.2.3), These results are in contrary to the findings ofOgunremi (1984), 

who got increase in days 10 50% heading with an increase in the nitrogen level. 
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Table 4.1.2.1 

NPK levels (kg ha· i
) 

140· 100· 100 

160:120: 150 

180·140·200 

Years mean 

CDo.os 

CV% 

Days to 50% heading ofsunflower as affected by different 
NPK levels in sugarcane-sunflower intercropping system 
during autumn planting. 

1995 

89 

88 

84 

87.00 

n08 

920 

1996 

102 

103 

99 

101.33 

232 

Mean 

95.50 

95.50 

91.50 

CD = Critical difference 

CV = Coefficient of variation 
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Table 4.1.2.2 Days to 50% heading of sunflower as affected by different 
intercropping geometries in sugarcane--sunflower 
intercropping system during autumu planting. 

Intercroppillg geometries I 1995 1996 

+ I SF 90 101 

2 SC + I SF 86 103 

2 SC + 2 SF 87 102 

3 SC + 2 SF 89 102 

3 + 3 SF 86 100 

Sale SF 85 102 

Years mean 87.17 101.67 

CD VOl 7.65 

CV% 9.20 2.32 

CD = Critical difference 

CV = Coefficient of variation 

I SF stands for Sunflower, SC stands for Sugarcane and figures before SF and 
the number of rows in the geometry pattern. 
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Mean 

95.50 

94.50 

94.50 

95.50 

93.00 

93.50 
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Table 4.1.2.3 Interactive effects of NPK levels and intercropping geometries on days to 50% heading of SF in a sugarcane
sunflower intercropping system during autumn planting • 

. - - - . " - - ... --. . -
NPK levels (kg ha·') 

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

Intercropping geometries·' 140-100-100 160-120-150 180-140-200 ---.- ---- ._ - _ . 
1995 1996 1995 1996 1995 1996 

1 SC + 1 SF 89 103 91 100 9] 99 
J 

2SC+]SF 79 103 95 104 82 100 

2 SC +2 SF 87 100 93 105 80 100 

3 SC + 2 SF 97 103 83 ]04 86 99 

3 SC + 3 SF 92 99 82 102 84 98 

Sole SF 90 102 85 105 79 99 

CDo.o~ 13 .25 3.90 13 .25 3.90 13.25 3.90 

CV% 9.20 2.32 9.20 2.32 9.20 2.32 

CD = Critical difference 
CV = Coefficient of variation 

1 SF stands for sunflower, SC stands for sugarcane and figures before SF and SC denotes the number of rows in the geometrical pattern. 
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4.1.3 Sunflower plant height (ru): 

Plan! height is an important parameter and variation in optimum height 

affects the total dry matter yield, The analysis of variance (Appendix·S .1.3, I) revealed 

that during 1995. the effect of different fertilizer doses and intercropping geometries on 

the sunflower height was significant statistically but their interaction was not 

significant, Similar trend was observed during 1996. A perusal oflhe means Table 

4.1.3.1 indicated that the increase in height of sunflower plants was positively 

correlated with the increase in fertilizer dose and this trend was found through out the 

study. The ferlilizer dose of 140·100-100 kg NPK ha-1 produced sunflower plant height 

of 1 AO m. which was signiticantly less than the other two levels which were al par with 

each other. The same trend was recorded in 1996 (Table 4 1.3.1). 

The means of inlercropping geometries used in this study are presented 

in Table 4.13,2, All the inlercropping geometries except 3 row strip of sugarcane + 3 

rows of sunflower (3SC 4 3SF) and 2 row strip of sugarcane + 2 rows of sunflower 

(2SC + 2SF) in 1995 reduced plant height (P<O.05) as compared to sole crop of 

sunflower. In 1996. the intercropping geometries reduced plant height slightly as 

compared to sole crop of sunflower, but that reduction in plant height was not 

statistically different. The greatest reduction in plant height was caused by the 

intercropping geometry of 1 SC + 1 SF in both the years of study. These results are in 

confonnity with the findings ofPenli et aL (1989) who found reduced plant height 

when sunflower sowing was delayed after taking 5th ratoon cut from sugarcane. 

The means in Table 4.1 revealed that the interaction was non-

significant among fertilizer doses and intercropping geometries for the plant height of 

sunflower. These I1ndings disagree with the results reported by EI-Sayed et ai, (1984), 

who obtained increase in plant height with increase in fertilizer levels. It was probahly 

due to the reason that plant height of a variety is under the genetic control and increase 

in fertilizer has little to do with it. The reason that EI-Sayed et al. got significant 

increases ill sunflower plant height might be due to the higher dose of nitrogen as 

compared to phosphorus thaI is 50:30 (NP) per Feddan (one Feddan 0.42) used in this 

study. 
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Table 4.1.3.1 Sunflower plant height (m) as affected by different NPK 
levels in sugan:ane-sunllower intercropping system during 
autumn planting. 

NPK levels (kg hlf') 1995 1996 Mean 

140·100·100 140 b' 113 b 

160:120150 1.54 II a 138 

180-140-200 1.61 a 128 a 145 

Years mean I 21 

CDMS 0.12 0084 

CV% 730 707 

CD = Critical difference 

CV = Coefficient of variation 

I Means sharing a letter in common in the respective column do not differ significantly at p 
:s 0.05. 
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Table 4.1.3.2 Sunflower plant height (m) as affected by different 
inlercropping geometries in sugarcane-sunflower 
intercropping system during autumn planting. 

Intercropping geometries' 1995 1996 Mean 

I SC + I SF 1.39 d
2 I 14 1.27 

2 SC + I SF 151 be l.21 136 

2 SC + 2 SF 1.56 ab 1.16 l.36 

) SC + 2 SF 1.44 cd 134 

3 SC + 3 SF 156 ab 123 lAO 

Sole SF 1.65 a lA5 

Years mean 1.52 1.20 

CD 005 0.11 0.082 

CV% 730 7.07 

CD = Critical difference 

CV = Coefficient of variation 

, SF stands for Sunflower, stands for Sugarcane and figures before SF and denote 
the number of rows in the geometry pattern. 

2 Means sharing a leiter in common in the respective colunm do not differ significantly at p 
:0:005. 
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Table 4.1.3.3 Interactive effeclll lIfPK levels and intercropping geometries on sunflower plant bei.gbt a .... ''' .. r'''' .... 
sunflower intel'cropping during autumn planting. 

---~-~-----. .~. - --... --.-~ .. ~ --.~--- ~ .. -~-. - -----

Intercl'Opping glf(lml~tri,es" 

I SC + I SF 

2 SC + I 

2 + 2 SF 

3SC+2SF 

3SC+3Sf 

Sole Sf 

CD = Critical difference 
CV = of variation 

NPK (kg ba l
) 

140-100-1O0 160-120-150 

1995 1996 
"--_.- - -_. - - --~- --,---. 

143 

1.17 1.50 

1.10 1.53 

1.13 

1.63 

L12 1.67 

0.14 0.18 

730 

1996 

!.I 5 

1.17 

I 17 

1.30 

1.28 

14 

1110-140-200 
-----.~-

1995 

1.60 

18 

1.30 

1.25 

o. 

707 

lSJ'Si;m;~fOiffisunfiower, stands for and and SC denotes number rows in the geometrical pattern. 
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4.1.4 Disc diameter of sunflower (em): 

In sunflower, the disc diameter is the most important yield component 

The analysis of variance in (Appendix-5.1 4.1) revealed that during 1995 the effect of 

dil1\)nmt j\)rtilizcr doses and illlcrcroppillg gcomell ies 011 the suntlower disc diameter 

was significant, whereas their interaction was non-significant The same trend was 

observed during 1996 except the interaction, which was significant (Appendix.S.l.4.2). 

The means shown in Table 4. 1.4 L showed that the highest increase in the disc 

diameter was obtained from the highest dose offertilizer (180-140-200 kg NPK ha'l) in 

both the years. which was significantly different (P<O 05) from the other lower fertilizer 

doses. However, when averaged across the years, the highest mean disc diameter was 

produced by the NPK dose of 180-140-200 kg ha"'. 

The data on intercropping geometries used in the sugarcane-sunflower 

intercropping system are presented in Table 4.1.4.2. In 1995, all the intercropping 

geometries except 1 SC + 1 SF increased sunflower disc diameter significantly over sole 

crop of sunflower. The inlercropping geometries in G2 & G3 (Table 4.1.4.2) produced 

disc of the highest diameter of20.43 and 20.91 em, respectively. The disc diameter in 

the sole crop was 15 53 cm. These findings are contradictory to Ihe results obtained by 

Pena el al. (1989) who reported reduction in sunflower disc diameter when 

intercropped with sugarcane. In 1996, the intercropping geometries of2SC + 1 SF, 2SC 

+ 2SF and 3SC + 2SF produced disc, which was statistically at par with the disc in the 

sole crop of SF. The remaining geometries brought significant reduction in disc 

diameter as compared to sole (Table 4.1.4.2) 

The interaction of intercropping geometry and fertilizer levels was 

significant in 1996, might be due to Ihe less effectiveness of the lower fertilizer dose 

(140·100·100) kg NPK ha·1 in the early growth stage giving smaller head diameter as 

compared 10 the same fertilizt:r dose in 1995. In the interaction (Table 4.1.4.3), the 

inlercropping geometry of2SC'" lSF (G2) produced the highest disc diameter, when 

fertilized with NPK level of 160 120: 150. This geometry (G2) also produced the 

highest disc diameler at NPK level of 180·140-200 kg ha"l.which was statistically at par 

wilh the sole sunflower The disc diameter of 21 em in the fertilizer dose of 
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160 120 150 NPK kg ha'l obtained with intercropping geometry of2SC + I SF 

significantly differed from the disc diameter in the sole crop. However, the disc 

diameter obtained with this intercropping geometry in the NPK level of 140-100-100 

kg ha-l was 14.67 em and was significantly smaller than the disc diameter in the sole 

crop (Table 4 I 4.3) This decrease in disc diameter might be due to the slower growth 

of sunflower in the early growth period due to competition for fertilizer nutrients with 

the sugarcane plants These results are in accoldance with those of Sal en ct al. (1984). 

Ogunremi (\ 984) and Baloeh ( 1991 ). 
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Table 4.1 I 

NPK levels (kg b,f') 

140-100-100 

160: 120: ISO 

180·140·200 

Years mean 

CD 0,01 

CY"10 

Sunflower disc diameter (cm) as affected by different NPK 
levels in sugarcane-sunflower intercropping system during 
autumn planting. 

1995 1996 Mean 

16,82 h' 14,56 c 15,69 

1809 h 19,72 b 18,91 

20,86 a 2L67 a 21,27 

18,59 18.65 

1.30 0,97 

9.50 4,50 

CD = Critical difference 

CV = Coefficient of variation 

1 Means sharing a letter in common in the respective column do not differ significantly at p 
SO.05. 
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Table 4.1.4.2 Sunflower disc diameter (cm) as affected by different 
inlercropping geometries in sugarcane-sunflower 
inlercropping system during autumn planting. 

Intercropping geometries' 1995 1996 Mean 

I SC + I 16.70 cd2 17.88 e 17.29 

2 SC+ I 20.43 a 19.66 a 20.05 

2 SC+ 2 20.9] a 19.44 ab 20.]8 

3 SC + 2 SF 19.78 ab 18.66 be 19.22 

3 SC+3 18.18be 17.00 d 17.59 

Sale SF 15.53 d 19.22 ab 17.38 

Years mean 18.59 18.64 

CDOlll 1.70 0,81 

CV% 9.50 4.50 

CD = Critical difference 

CV = Coefficient of variation 

stands for Sunflower, SC slands for Sugarcane and figures before SF and SC denote 
the number of rows in the geometry pattern. 

2 Means sharing Ii letter in common in lhe respective column do no! differ significantly at p 
:s 0.05, 
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Table 4.l.4.3 IlIt,el'lllcti1{e effect of levels alld 011 sUldl('Wf~r diameter a sugarcllloe-
sUllfiower autumn pllml:iol~ 

-- -- -.- --"~-"- -~- --.-----
NPK levels hili-I) 

---~- -~- _._---_.-- --- - -~-.--,---- ~-- -~-.--

Illtercropping 140-100-100 160-120-150 
- -- --.--------~ ~ -- --_._---

1995 1995 1996 1996 
--~.---- ----------.--~ - -_. ---_. ,-------------------~ ~ ._- - -~-~--.--~ 

+ I 

2 + I 

2 +2 

3 SC + 2 

3 SC+3 

Sole 

15.17 

I 

10 

14.67 g 

15.67 

15.33 

h 

f 

16.S0 

19.70 

18.60 

16_60 

17.53 
------ -----

19.67 

21 be 

ed 

ede 

18.33 e 

19.33 

IS. !3 

22.00 

21 

jj a 

21 

ab 

1.39 
---- -- ---- - -.------- - - -------. 

9.50 4.50 4.50 4. 
~ - --~--- ----._---- -------

CD = Critical differe,nce 
= Coefficient of variation 

stands for stands and before SF and the number of rows in the geometrical pattern. 
Means ~h"nn" a letter common not significantly at p :$ 
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4.1.5 SUllfiower lOOG-achell!! weight (g): 

The IOOO-achenes weight is direetly related to the yield and any 

variation due to fertilizer doses will have direct bearing upon the final yield. The 

analysis of variance (Appendix-5.1 \) indicated that during 1995 the effect of 

different fertilizer doses and intercropping geometries on IOOO-achenes weight of 

sunflower was statistically significant, whereas their interaction effect was non

significant. Similar trend was indicated during 1996 (Appendix-5.I.5.2). A perusal of 

the data (Table 4.1.5, I) revealed that the maximum IOOO-achene weight of56.78 g was 

produced by the highest fertilizer dose of 180-140-200 NPK kg ha", which was 

significantly (P<005) higher than the other lower fertilizer doses, Increase in fertilizer 

dose caused a progressive increase in IOOO-achene weight. A similar trend was 

observed during 1996. The mean I OOO-achene weight increased with an increase in 

fertilizer dose, Sufficient supply of nutrients due to increased fertilizer level could be 

the reason for the increase in IOOO-achene weight. The threshold level probably 

beyond the range of the fertilizer regimes tested. Thus, still higher fertilizer doses need 

to be investigated for the sugarcane-sunflower intercropping system, 

The different intercropping geometries in a sugarcane-sunflower 

intercropping system had a significant bearing on the 1000-achene weight of sunflower 

in both years. All the intercropping geometries except I SC + I SF, significantly 

increased IOOO-achene weight over sole crop of sunflower (44.44 g). The highest 

IOOO-achene weight was produced by the intercropping geometry 2SC + 1 SF (57.67 

g), which was statistically at par with the intercropping geometry 2SC + 2SF and 3 SC 

+ (Table 4.1.5.2). The higher IOOO-achene weight in the intercropped crop might 

be the result oflesser competition for nutrients by the sugarcane plants because their 

growth was very slow at that stage. Thus, the competition among the sunflower plants 

themselves was decisive and determined the ultimate size of achenes. Logically the 

sunflower plants occupying the same niche had a greater competition with one another. 

When averaged across years a similar trend was observed, Almost similar results were 

reported by Khanzada el al. (1989) but the findings of Pen a el al. (\989) were 

contradictory 10 our conclusions, who found smaller capitulum diameter with delay 

sowing of sunflower after sugarcane ratooning. interactive effects of fertilizer 



doses and in!ercropping geometries on IOOO-achene weigh! of sunflower were non

signifIcant in both years (Table 4.1.5.3) These results corroborate the findings ofEl

Sayed et al (1984). 
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Table 4.1.5.1 Sunflower IOOO-aehene weight (g) as affected by different 
NPK levels ill sugarcane-sunflower intercropping system 
during autumn planting. 

NPK levels (kg hlf') 1995 1996 Mean 

140-100-100 48.28 c' 47.9 c 48.09 

160: 120: 150 50.61 b 50.2 b 50.44 

180-140-200 56.18 a 54.1 a 55.74 

Years mean 51.91 50.93 

CDoo, 1.67 1.21 

CV% 5.05 4.74 

CD = Critical difference 

CV = Coefficient of variation 

J Means sharing a letter in common in the respective column do not differ significantly at p 
~005 
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Table 4.1.5.2 Sunflower 1000-aehene weight (g) as affected by different 
inlercropping geometries in sugarcane-sunflower 
intercropping system during autumn planting. 

Intercropping geometries' 1995 1996 Mean 

I SC + 1 SF 44.22 c1 44.2 C 44.21 

2 SC + 1 SF 57.67 a 56.0 a 56.84 

2 SC + 2 SF 56. a 54.7 a 55.63 

3 SC + 2 SF 55.44 ab 54.4 a 54.92 

3 SC + 3 SF 53.11 b 52.0 b 52.56 

Sole SF 44.44 c 44.5 c 44.47 

Years mean 5191 50.97 

CD 0.01 2.52 2.33 

CV% 5.05 4.47 

CD = Critical difference 

CV = Coefficient of variation 

, SF stands for Sunflower. SC stands for Sugarcane and figures before SF and SC denote 
the number of rows ill the geometry pattern. 

2 Means sharing a letter in common ill Ihe respective column do not differ significantly at p 
<;005. 
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Table 't.l." . .) NPK on IOOO-ac!:!ene5 weig!:!t 
sugarcllne- sunflower intercropping autumn planting. 

~--- ... ~--~ 

+ I SF 41 

2 + 1 SF 

2 +2 SF 

3 +2 

3 + 3 SF 

Sole 

-

CV = of variation 

levels (kg 

1996 
---~~ .----. 

41 

51.67 

49,00 

41.00 

4.00 

1995 

figures SF and the rows in 
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4.1.6 Sunflower seed yield (kg 00"): 

Seed yield per unit area is the ultimate objective that decides which 

strategy will bring more economic returns. The data on sunflower seed yield as affected 

by differem fertilizer doses were recorded and analyzed statistically. The analysis of 

variance (Appendix-5.1.6.1) revealed that during 1995 the effects of different level of 

fertilizers, intercropping geometries their interaction, on the seed yield, were 

significant. Similar trend was depicted in 1996 (Appendix-5.1.6.2). The fertilizer 

means given in Table 4.1.6.1 indicated thallhe NPK level of 180..140·200 kg ha'! 

produced the highest seed yield of sunflower per unit area in both years. It is evident 

that increase in fertilizer doses caused a significant increase in seed yield per unit area. 

The NPK level 180-140-200 kg ha" produced the highest seed yield 1224 kg ha'! in 

1995 and 1245 kg ha" during 1996 whk:h was significantly (P<O.05) different from 

the seed yield produced by rest of fertilizer doses. 

The data on sunflower seed yield as affected by intercropping geometries 

in a sugarcane-sunflower intercropping system, (Table \.6.2) indicated that all the 

geometrical patterns significantly decreased sunflower seed yield as compared to sole 

crop yield in both years. The highest reduction in seed yield was observed in the 

intercropping geometry 2SC + lSF in both years, which was only 60% and 61 % less 

than the sole crop yield of sunflower, respectively. The seed yield of the sole crop of 

sunflower was 1630 and 1709 kg ha'! in 1995 and 1996. The intercropping geometry 

ISC + ISF caused the minimum reduction in seed yield. The seed yield in this 

geometry was 1275 kg ha" in 1995 which was significantly higher than all 

intercropping geometries. A similar trend was found in 1996. However, these results 

are contradictory to the IIndings of Khanzada er al. (J 989) who reported increase in 

seed yield per hectare when sunflower was imercropped with sugarcane. 

The data in Table 1.6.3 revealed that both intercropping geometries 

and fertilizer levels signiticalltly affected the sunflower seed yield, Comparing 

intercropping geometries with sole crop, the highest seed yield at each level was 

observed in the sole crop of sunflower, which was mainly due to the more plant 

population in the sole crop than in intercropping geometries. Comparing lntercropping 
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geometries, the intercropping geometry of ISC + ISF gave significantly higher yield 

than all other intercropping geometries, It might due to less competition among 

sunflower rows and between sunflower and sugarcane plants because of equally spaced 

rows, The other geometries gave lower yield that might be the result of closely spaced 

rows of sunflower creating competition among sunflower plants for nutrients and 

sunlight and thereby resulting in less vigorous plants with smaller heads, 
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Table 4.1,6,1 

NPK levels (kg ha"') 

140-100-100 

160120:150 

180-140-200 

Years mean 

CD o.u~ 

CVO/O 

SlInflower seed yield (kg ha"l) as affected by different NPK 
levels in sllgarcane-sunflower intercropping system during 
autumn planting. 

1995 1996 Mean 

813 c i 803 c 808.00 

1062 b 1075 b 1.068.50 

1224 a 1245 a 1,234.50 

1,033 1,041 

8420 6209 

7.61 4.98 

CD = Critical difference 

CV = Coefficient of variation 

i Means sharing a leuer ill common in the respective column do not differ significantly at p 
SO.05. 
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Table 4.l.6.2 Sunflower seed yield (kg ha .') liS affected by different 
intercropping geometries in sugarcane-sunflower 
intelTroppillg system during 11IIInnill planting. 

Intercropping 1995 
t' I geome nell 

1996 Mean 

I SC + I 1275 b
2 

1263 b 1,269.00 

28C+ISF 648 d 655 d 651.50 

28C+2 852 c 864 c 858.00 

3 SC+ 2 911 c 897 c 904.00 

3 SC + 3 SF 881 c 857 c 869.00 

Sole 1630 a 1709 a 1,669.50 

Years mean 1.032.83 1,040.83 

CDo.lis 75.65 49.93 

CV% 7.61 4.98 

CD = Critical difference 

CV ; Coefficient of variation 

I 
SF stands for Sunflower, SC stands for Sugarcane and figures before SF and SC denote 

the number of rows in the geometry pattern. 
2 Means sharing a letter in common in the respective column do not differ significantly at p 

" 0.05. 
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Interactive effects of NPK and geometries on sunflower seed (kg in II 
SUI~lIr'Calne- sunflower intercropping during autumn planting. 

-- ---.-.-. ------------ --- --------~- ----
NPK ita"l) 

~ ~~--~----- --~--,,------ ~---- ----
Intercropping 140-100-100 160-120-150 180-140-200 

-- --- - ---------~-

+ I SF 

2 +1 

2 +2 SF 

3 +2 SF 

3 +3 

Sole 

0< 

CD~ 

CV = Coeffici!mt 

.. -.--. ---- 1995 1996 

ef 
-------~ 

1063 

560j j 

ij 658 j 

ij 623 ij 

680 ij 642 ij 

cd d 
--------~ 

131 86.48 

4_98 

1995 1996 
----- -----~--~-

1300 c 

J 

824 gh 

fg 

859 

1811 a 

d 

IJ 

g 

978 f 

g 

1809 b 
------ - - ---------

131 86.48 

4.98 

b 

hi 

de 

lI04e 

1819 a 

131 

1996 

c 

h 

1074 e 

1090 e 

e 

:lU4:l a 
---~----

-------- - ----

---~----

stands for sunflower, SC stands for sugarcane before and SC denotes number rows in the geometrical nMt",m 

lMeans sharing a in common not 
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4.1.7 Millable calles lit"' row length (110): 

The data on number of tillers per meter row length was recorded just 

after the harvesting of sunl10wer crop from the field. The analysis variance 

(Appendix-5.1. 7.1) indicated that during 1995, the effect of different fertilizer levels 

and intercropping geometries on the number of tillers was significant whereas their 

interaction was non-signil1canL By contrast in 1996 (Appendix-5. 1.7.2), the fertilizer 

doses failed to produce signilicant eHeet whereas the intercropping geometry behaved 

as previously and so did the interaction. The fertilizer means in Table 4. 1.7.1 indicated 

that the highest number of tillers per meter row length were obtained in the NPK level 

of 180-140-200 kg hi' which was significantly higher than that recorded in the NPK 

.level 140-100-\00 kg ha'. The NPK lew! 160-120-150 kg ha" also caused significant 

increase in the numher of tillers over the NPK level of 140-100-100 kg ha'. Malik et 

al. (1993) and Hussain et al. (1991) reponed almost similar tlndings, The fertilizer 

doses failed to affect signilicamly the number of tillers per meter row length in 1996, 

However, the increase in the ~PK levels tcnlded to increase the number of tillers per 

meter row length. This may be due 10 more favorable environmental conditions for 

tillering in early growth period in 1996 which is evident from the increased number of 

tillers per meter in all the treatment in 1996. 

The intercropping geometries means (Table 4.1,7,2) depicted that the 

greater decrease in the number of tillers per meIer row length was caused by the 

intercropping geometry ISC T ISF which reduced the tillers number to only 17 as 

compared to 31 in the sole crop of sugarcane during \995. Similar trend was observed 

in 1996. The highest number of tiilers (37) per meter row length was produced in the 

sugarcane planted as sole ;.;rop in 1996, These results are in accordance with those of 

Bukhtiar et al. (1988) and Goviden and Amason (1990) who observed reduced tillering 

when sunt10wcr was il1lcrcropp"t1. However, Ibesc findings arc contradklOry to the 

results reponed by Nazir et aL (]985) and Khalid et a1. (1988) who obtained 

signitkantly higher numb~r 01 canes p~r unit area in the imercropping geometries of 

two and tlm"e-row strips of sugarl'ane in comparison to single row planting. However, 

the aforementioned investigators used other crops than sunflower as intercrops with 

sugarcane. The intercropping geometries and fertilizer did not interact in affecting the 

number of tillers per meter in either year (Table 4. L 7. 3). 
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Table 4.l.7.1 Minable canes m" row length (no) as affected by different 
NPK levels in sugarcane-sunflower intercropping system 
during Rutumn planting. 

NPK levels (kg hal)' 

140-100-100 

J60 120 J 50 

180-140-200 

Years mean 

CD 005 

CV% 

CD = Critical dilTerence 

CV = Coefficient of variation 

]\;S = Non significant 

1995 1996 Mean 

19 b1 30 24.50 

23 a 30 26.50 

a 28,50 

22.13 30.67 

2,87 NS 

13,)7 11.67 

I 
SF siands for Sunflower, SC stands for Sugarcane and fib'Ures before SF and SC denote 

Ihe number of rows in the geometry pattern 
2 Means sharing a leiter in common in the respective column do nol differ significantly at p 

:S 0,05, 
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Table 4.1.7.2 Minable canes m" row length (no) as affected by different 
intercropping geometries in sugarcaue-sunflower 
intercropping system during autumn planting. 

Intercropping 1995 1996 Mean 
geometries I 

Sole SC 31 a 2 37 a 34.00 

I SC + I SF 17 c 28 b 50 

2 SC + I SF 20 b 31 b 25.50 

2 + 2 SF b b 25.50 

3 SC ... 2 SF 21 b 30 b 50 

3 SC T 3 SF 2 J b 30 b 50 

Years mean 22.00 30.83 

0.05 2.86 3.45 

CV% 13.37 1167 

CD = Critical difference 

CV = Coefficient of variation 

stands for Sunflower, SC stands for Sugarcane and figures before SF and SC denote 
the number of rows ill the geometry pattern. 

2 Means sharing a letter ill common in the respective column do not differ significantly al p 
:s; 0.05. 
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Table 4.1.7.3 Interactive effect of NPK levels and intercropping geometries on millable canes m-I row length (no) in a 
sugarcane- sunflower intercropping system during autumn planting. 

-- -- - _._. - - --,------------------
NPK levels (kg ha-I) 

- - 0 _ _ _ _ • " __ • _____ _ . _ •• ___ ._ 

Intercropping geometries-I 140-100-100 160-120-150 180-140-200 

1995 
-_._.- --.----.-- -- - ._. -

Sole SC 

I SC + I SF 

2 SC + I SF 

2 SC + 2 SF 

3 SC + 2 SF 

3 SC +3 SF 

CDo.os 

26 

14 

20 

18 

18 

17 

5.00 
------ -

CV% 13.37 

CD = Critical difference 
CV = Coefficient of variation 

----

1996 

35 

27 

30 

27 

30 

32 

6.00 

11.67 

-------.. -.--. - . 
1995 1996 1995 1996 

. "._ ----_ •• _-__ - ___ 0 ____ - _---_. 

33 35 36 41 

19 29 19 28 

21 30 21 33 

24 28 26 31 

21 30 24 29 

21 29 24 29 

5.00 6.00 5.00 6.00 
----------

13.37 11.67 13.37 11 .67 

ISF stands for sunflower, SC stands for sugarcane and figures before SF and SC denotes the number of rows in the geometrical pattern. 
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4.1.8 Sugarcane plant height- t (em j: 

The data on sugarcane piant height-l was recorded just after the 

harvesting of sunflower crop from the plots and at Ihal lime the sugarcane crop was at 

kn<.:c heighl stage The pllml height malerially contributes Il,wards cane yield. The 

analysis of variance (Appendix-S. 1.8 I) showed that during 1995 the effect offertilizer 

doses, intercropping geometries and their interaction on the sugarcane plant height was 

significant whereas in 1996 imercropping geometries and their interaction with NPK 

doses (Appendix-5.1.8.2), were non-significant in affecting the sugarcane plant height. 

The means Table 4.1.8.1 revealed thatlhe highest plam height of 101 em was recorded 

at a fertilizer dose of 140-100-100 kg NPK ha-! that was significantly different from 

other fertilizer doses. The increase in sugarcane plant height might be attributed to the 

relatively less phosphorus and potash in this level as compared 10 other fenilizer doses. 

Similar findings were reported by Hussain el al. (199 I). 

The intercropping geometries means (Table 4.1.8.2) indicated that the 

highest plant height was observed in sole sugarcane in both years_ The sugarcane plants 

were significantly taller in the crop than intercropped sugarcane in 1995. The plant 

height in sole crop in )996 was significantly differel1! from the intercropping geometries 

of ISC + ISF, 2SC ' 2SF and 3 13 and vias at par with -t- I SF and 3SC + 

ZSF. When averaged across the years. the tallest plants were produced by the sole crop 

and the shonest by 2SC I It was observed that intercropping sunflower with 

sugarcane in all combinations of intercropping geometries reduced the height of 

sugarcane plants as compared to sole sugarcane. The competition for space, nutrients 

and aUelopathic effect from the root exudates of sunflower might be responsible for the 

reduction in height of the sugarcane plants. The results contradict the findings of Pen a 

et a!. 1989 who reponed an increase in sugarcane plant height with delay in sunflower 

sowing as intercrop. Nazir el aL (1985) also reported that different planting patterns 

had no effect on sugarcane plant height. 

The interaction means in Table 4.1.8.3 indicated that the sole sugarcane 

crop produced significantly the tallest plants at all the fertilizer doses. The 

mtercropping pallem of I SC + I SF produced 108 and ! 02 em tall plants at the 
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fertilizer doses of 140-100-100 and 180-120-200 kg NPK h,f\ respectively which were 

significantly taller than the sugarcane plants produced at a fertilizer dose of 160-120-

150 kg NPK ha· ' . The iIltercropping pattern 2SC + 2SF produced significantly taller 

plants with NPK level of 140-100-100 kg h,,·' than all the other fertilizer doses, The 

intercropping pattern 2SC + ISF produced significantly smaller plants of sugarcane 

with the fertiii,.cr dose "f 180-140-200 kg ha 1 than rest of the NPK levels. The 

intercropping geometry 3SC + 3SF produced signil1cantly taller plants with NPK level 

of 160-120-150 kg ha· ' than ali other levels, Signilicantly the tallest plants at the 

highest NPK level i.e, 180·140-200 kg ha" were recorded in the intercropping 

geometry of 3SC + 3SF only (Table 4, I ,8,3). 

The data presented in Table 4.1.8.3 indicated thai in 1995, the maximum 

plant height was recorded in the sole crop at all the fertilizer doses. However, 

sugarcane plant height was significantly affected by inter-cropping geometries only in 

1995, The highest decrease in the sugarcane plant height was shown in the interopping 

geometry of 2SC + I SF, Sunllower is well known for allelopathic effects, The 

allelopathic ef!'ects of suntlower roO! exudates might have decreased the sugarcane plant 

height. but the adverse erfects were inconsistent The absence of significant effects on 

sugarcane plan! height during 1996 could nO! be explained with any certainty except the 

inconsistency of the allelochemical as is evident from 1995, 
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Table 4.1.8.1 Sugarcane plaut heigbl-l (em) as affected by different NPK 
levels ill a sugarcane-suuflower intercropping system during 
autumn planting. 

NPK levels (kg ha"') 1995 1996 Mean 

140-100-100 101 a' 78 89,50 

160: 1 150 94 b 85.50 

180-140-200 96 ab 79 87,50 

Years mean 97,00 78.00 

CD 00.1 5, 7.17 

CV% 7.27 19,68 

CD = Critical difference 

CV = Coefficient of varimion 

I Means sharing a letter in common in the respective column do no! differ 
significantly at p S 0.05. 
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Table 4.1.8.2 Sugarcane plant height-l (em) as affected by different 
inlercropping patterns/planting geometries in a sugarcanE-
sunflower illtercroppillg system during autmuu planting. 

hltercroppingl 1995 1996 Mean 
I' I geome nes 

Sole SC 118 95 a 106.50 

1 SC + 1 SF 95 cd 67 b 81.00 

2 SC + 1 SF 79 e 81 ab 80.00 

2 SC + 2 SF 88 d 70 b 79.00 

3 SC + 2 SF 105 b 81 ab 93.00 

3 SC + 3 97 c 75 b 8600 

Years mean 97.00 78.17 

CD 0 llS 680 14.9 

CV% 7.27 19.68 

CD = Critical difference 

CV = Coefficient of variation 

I SF stands for Sunflower. SC stands for Sugarcane and figures before SF and SC 
denote the number of rows in the geometry pat!em. 

2 Means sharing II letter in common in the respective column do no! differ 
signilicantly at p :;; 0.05. 
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Interactive effects of levels intercropping on sugarcane (cm) a 

ter'cr'OPipirlg geometries·1 

+ I 

2 SC + I 

2 SC + 2 

J 2 SF 

3 +3 
- .. - .. -~~--

CDo.os 

Lntlcal differ,enc:e 
Co,elf1ci,el1lofvariation 

sunflower intercroppillg during autumn nl"nti,,, •. 

NPK levels 

00-100 ._---<' 
1995 1996 

90 

108 

90 f 80 

100 

f -_.-
1178 25.8 

1 

112 abed 

g 

g 

115 abc 

95 

I I 

20-1 SO 

1 

100 

63 

8 

70 

19.67 

._.-- ._----

180-140-200 

I 

122 a 

def 

g 

g 

100 

cde 

I 1 

97 

73 

97 

19.67 

stands sunflower, sugarcane and denotes the number in the pattern. -M ... n sharing a in common not significantly of probability, 
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4.1.9 Stripped caue height (m): 

Stripped cane height is a very significant yield parameter contributing 

directly to the tinal cane yield. Stripped cane height was recorded at the time of 

harvesting of sugarcane crop when it was physiologically mature, The analysis of 

variance (Appendix·5, I ,9, I) revealed that in 1995, the of different fenilizer 

doses, intercropping geometrlcs and their interaction on the stripped cane height was 

significant Whereas, in 1996 (Appendix·). L 9,2). similar trend was observed except 

the interaction which was non-significanL A perusal of the treatment means (Table 

4,1,9, I) indicated thallhere were significant (P<0,05) differences among the different 

NPK h:vels ill afft'cling tile stripped cane heighl in both years. II was observed that 

increase in height was directly proponionalto the increase in fenilizer dose in both 

years, The maximum stripped cane height of 2,38 m was obtained at a fertilizer dose of 

180-140-200 kg NPK ha', which was significantly greater than the cane height althe 

two lower fenilizer doses, A similar trend was observed during 1996, When averaged 

across years, the mean stripped cane height increased with an increase in fertilizer rate, 

It indicated that there is still a need of testing higher fertilizer doses for gelling 

increased stripped cane height 

The intercropping geometries means given in the Table 4.1.9.2 indicated 

that signitlcantly the longest stripped cane of 2.54 m were obtained from the sole crop 

against the smallest (1.87 m) in a imercropping pattern of 3SC + 3SF in 1995. 

The next tallest stripped canes were produced by the intercropping 

geometry of ISC + ISF which were significantly taller from all other imercropping 

geometries except 2SC + 2SF Almost similar trend was observed during 1996, 

The data on stripped cane height given in Table 4. !. 9,3 showed no 

imeractive effects of fertilizer doses with the intercropping geometries during 1995, whereas 

a significant interaction of the fenilizer doses and intercropping geometries was noticed in 

1996, The maximum height was n:corded at a fertilizer dose of 180-140-200 kg NPK ha· l in 

sole sugarcane, Similarly the sole sugarcane crop produced greater stripped cane heighl as 

compared to sugarcane sown in different imercropping geometries with fenilizer doses 140-

100-100 and 160·120-150 kg NPK ha'I The ne)(\ tallest stripped canes were harvested in a 
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ISC + ISF inlercropping geometry with a timiiizer of 180-140-200 kg NPK hal. The 

smallest stripped canes were produced by the intercropping geometry of 3SC + 3SF in all 

the fertilizer doses These results are In conformity with those of Mall et al. (1982). 
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Table 4.1.9.1 

NPK levels (kg ha·') 

140·100·]00 

]60 120 150 

180·140-200 

Years mean 

CDo.oj 

CV% 

Stripped cane height (m) as affected by different NPK levels 
in a sugarcane-sunnower intercropping system during 
autumn planting. 

1995 1996 Mean 

cl 1,94 c 

2.11 b 2.11 b 2.11 

2.38 a 2.47 a 2.43 

2.13 2.17 

0.1 I 0.09 

807 3.07 

CD = Critical differeince 

CV = Coefficient of variation 

I Means sharing a letter in common in the reapective column do nol differ 
significantly at p::: 0.05. 



Table 4.1.9.2 Stripped cane height (m) as affected by different 
intercropping geometries in a sugarcane-sunflower 
intercropping system during autumn planting. 

Intercropping geometries 1 1995 1996 

Sole SC 2.54 i a 

1 SC + I SF 222 b 2.26 b 

2 SC + I 201 2.08 cd 

2 +2 2.08 be 2,13 e 

3 SC + 2 SF 203 cd 204 d 

3 SC + 3 SF 1.87 d L95 e 

Years mean 2.13 2.18 

CD 0.05 0.16 0.06 

CV% 307 3.07 

CD = Critical difference 

CV = Coefficient of variation 

Mean 

2.57 

2.24 

2.05 

2.11 

204 

1.91 

1 SF stands for Sunflower, SC stands for Sugarcane and figures before SF and SC 
denote the number of rows in the geometry pattern. 

2 Means sharing a letter in common in the respective eelumn do not differ 
significantly at p::; 0.05. 
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tcr.active .. IT,-d. of NPK and geometries on stripped cane height 

CD 

sunflower illlercropping system during autumn planting. 

-----
NPK levels (kg hlfl) 

------~ _., - _. -.'-. --,---- ------"--~ 

140-100-100 160-120-150 inlercropping ___ ___ _ __ ____________ _ _ 

Sole SC 

+ 1 

2 +1 

2 +2 

3 + 2 

3 + 3 

_._------

---~----

1995 

2_17 

181 

1 

---
2.38 cd' 

gh 

kl 

k 

1m 

m 

0.11 
-- -- _._- _._-----

CV% 3 
-----------~ ~ _._._------

2 

2.30 

2_11 

2_06 

1.63 

--~ - ----~~--

2.45 be 

19 

1.98 ij 

2_12 

hi 

jk 

0. II 

3 

2 

CV ~ Coefficient 

180-140-200 

2 

a .",>ar·cal~e-

a 

b 

0. II 

3_07 

StaJ10S for sugarcane and figures and of rows in nMIt>m 

common do not significantly at p ::: 
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4.1.10 Cane stem diameter (em): 

Among the several yield parameters, stem diameter also contributes 

positively to final cane yield, The analysis of variance (Appendix-5, 1.10, I) indicated 

that during 1995, the effect of different fertilizer doses, intercropping geometries and 

their interaction on the cane stem diameter was significant and a similar trend was 

observed in tbe subsequent year (Appcndix-5. 1,10,2), A perusal of the fertilizer means 

in Table 4, 1,10,2 revealed that an increase in the fertilizer dose caused 

progressive increase in the cane stem diameter. The highest cane stem diameter of 2.42 

cm was recorded al the highest fertilizer dose of 180-14()..200 kg KPK ha'l in 1995, 

which was signi!1cantly different from the lowest fertilizer doses of 140-100-100 kg 

NPK ha", but was at par with the medium dose of 160: 120: 150 g NPK ha", A similar 

trend was noted during 1996, These results are different from those of Hussain el al, 

(1991). who reported that vegetative growth in sugarcane is more or less vertical rather 

than horizontal phenomena, Therefore. increase in fertilizer had no signit1cant effect on 

the stem diameter of sugarcane, 

The imercropping geometries means are presented in the Table 4, L 10,2. 

A perusal of the Table showed that the sole crop of sugarcane produc~'d the thickest 

canes, which were significantly thicker than the canes in all the intercropping 

geometries, The next thickest canes were produced by the intercropping geometries of 

ISC + ISF in 1995 and 2SC + ISF in 1996, It is also clearfrom the Table 4.1.10,2 

that increasing the number of sunflower rows between sugarcane strips caused 

reduction in the cane slem diameter. 

It is evident from perusal of Table 4, 1.10,3 that the fertilizer 

significantly (P<O,05) interacted with imercropping geometries in affecting the cane 

stem dianleter in both years. The thickest canes (2,80 em) were recorded at the highest 

fertilizer dose of I 8().. 140-200 kg NPK ha' in the sole crop of sugarcane, The similar trend 

was observed in \996. Mali et aJ. (1982) also observed an mCirew>c in cane stem diameter of 

cane witb increase in fertilizer level. Considering !be inlcrcropping geometries, an increase 

in a fertilizer dose caused a signil1cant increase in stem diameter in all intercropping 

geometries except3SC + 3SF where fenHizcr doses l4()..IO()..lOO and 160: 120: 150 kg 
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NPK ha- J were statistically at par with one another. The maximum increase in stem diameter 

of sugarcane was shov,'Jl in the intercropping geometry of + 1 SF and 2SC + 2SF 

indicating smaller competitive c!lee! or Ihc stml10wcr rows with sugarcane, 
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Table 4.1.10.1 

NPK levels (kg ba'l) 

140-100- 100 

160 120 150 

180-140·200 

Years mean 

CD v." 

CV% 

Calle slem diameter (em) as affected by different NPK levels 
ill II sligarcline-sunflower intereropping system during 
autumn planting. 

1995 1996 Mean 

2.00 bl 1.95 c 1.98 

a 2.18 b 

2.42 a 2.48 a 2.45 

2.23 2.20 

0.16 0.03 

403 4,75 

CD = Critical diflerence 

CV = Coefficient of variation 

1 Means sharing a teller in common in the respective column do not differ 
significantlyal p <: 0.05. 
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Table 4.1.10.2 Cane stem diameter (em) as affected by different 
illiercropping geometries ill II sugarcanc-sunnower 
illtercropping system during autumll planting. 

Illtercropping geometries' 1995 1996 Mean 

Sole SC 2.55 a 2.59 a 2.57 

I SC + I b 2.15 c 2.20 

2 SC + 1 SF 2.21 b b 

2 SC + 2 SF 2.21 b b 2.24 

3 SC + 2 SF 2.11 c 1.97 d 204 

3 SC + 3 SF 2.07 c d 203 

Years mean 2.21 

CD (l.(l5 0.09 0.09 

CY% 4.03 

CD Critical difference 

CY Coe!1icienl of variation 

stands for Sunflower. SC stands for Sugarcane and figures before and SC 
denote the number of rows in the geometry pattern. 
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Table 4.1.10.3 Interactive effects of NPK levels and intercropping geometries on cane stem girth (cm) in a sugarcane
sunflower intercropping system during autumn planting. 

Intercropping geometries-I 

Sole SC 

1 SC + I SF 

2 SC + 1 SF 

2 SC + 2 SF 

J SC + 2 SF 

3 SC + 3 SF 

CDoo, 
----
CV% 

CD = Critical difference 
C V = Coefficient of variation 

NPK levels (kg ha-I) 
- --_. - - - ---- ------- ... 

140-100-100 160-120-1.50 

1995 1996 1995 1996 

2.27 der 2.25 de 2.59 b 2.49 bc 

2.13 fg 1.89 gh 2.28 de 2.21 de 

1.90 i 1.96 g 2.29 cde 2.28 de 

I. 93 hi 1.99 fg 2.25 def 2.20 de 

1.85 i 1.78 gh 2.17 efg 1.97 fg 

1.93 hi 1.88 gh 207 gh 1.97 fg 

0.15 0.17 0.15 0.17 

4.03 4.75 4.03 4.75 

180-140-200 

1995 1996 

2.80 a 304 a 

2.32 cd 2.36 cd 

2.43c 2.61 b 

2.44c 2.59 b 

2.32 cde 2.17 e 

2.21 defg 2.13 ef 

0.15 o. I 7 

403 4.75 

'sf stands for sunflower, SC stands for sugarcane and figures before SF and SC denotes the number of rows in the geometrical pattern. 
2Means sharing a letter in common do not differ significantly at p ::: 0.05. 
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4.1.11 Weight per milIable cane (kg): 

The analysis of variance (Appendix-5. L 11. I) revealed that during 1995, 

the effect of different levels of fertilizers, intercropping geometries and their interaction 

on the weight of single cane was significant and a similar trend was observed in 1996 

(Appendix-5. 1.11.2). The fertilizer means given in Table 4.1.11.1 indicated that the 

maximum weight per cane was observed with the fertilizer dose of 180-140-200 kg 

NPK ha" which was signitlcantly more than the weight per cane in the other NPK 

h::vels. The lowest weight per cane was produced at NPK levels of 140-100..100 kg hi:!" 

in 1995. The fertilizer doses showed similar trend in 1996. 

As regards geometries, a perusal of the Table 3.1.11.2 revealed that the 

highest weight/cane of 1.41 kg was recorded in sole crop of sugarcane during 1995 and 

the lowest weight per millable cane was noted in the intercropping geometry of 3SC + 

Although the treatments 2SC + J SF and 2SC + 2SF were statistically at par but 

differed significantly from the other intercropping geometries. The intercropping 

geometry of 2SC + ISF gave the highest weight/cane (1.28 kg) which was 

significantly different from all other intercropping geometries except 2SC + 2SF. The 

reduction in weight per cane due to intercropping geometries in comparison to the sole 

crop might be attributed to the inter-row competition and allelopathic effect of the 

sunflower root exudates and the competition for nutrients by the sunflower plants. 

The interaction means shown in Table 4.1.11.3, revealed that the highest 

wdght per cane (1.20,1.38 and 1.66 kg) was produced by the sole sugarcane crop at 

all three fertilizer levels 040-100-100. 160-120-150 & 180-\40-200 kg NPK ha", The 

maximum weight/cane was produl:ed by 180-\40-200 kg NPK ha" in sole sugarcane. 

The lowest weight per cane of 0.90 kg was produced by the intercropping geometry 

3SC + 2SF in 1995 at fertilizer dose of 140-100-100 kg NPK ha'. It was noticed that 

increasing number of rows of sun !lower between sugarcane strips adversely affected the 

individual cane weight. This adverse effect on weight per cane might be due to the 

allelopathic exudates from the roots of the sunflower 

and nutrients. A similar trend was observed in 1996, 
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Table 4.1.11.1 

NPK levels (kg ha') 

140-100-100 

160: 120 150 

180-140-200 

Years mean 

CD 005 

CVo/. 

Weigbt per millable cane (kg) as affected by different NPK 
levels in a sugarcane-sunflower intercropping system during 
autumn planting. 

1995 1996 Mean 

108 c 
1 

109c 1,09 

1.23 b 1.26 b L25 

142 a 1.41 a 1,42 

1.24 1 25 

0.07 0.04 

4.40 3.42 

CD ~ Critical difference 

CV ~ Coefficient of variation 

1 Means sharing a letter in common in the respective column do not differ 
significantly at p ~ 0.05. 
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Table 4.1.11.2 Weighl per millable cane (kg) as affected by different 
inlercropping geometries in a sugarcane-sunflower 
intercropping system during aulumn planting. 

Intercropping geometries 
, 

1995 1996 Mean 

Sole SC 1.41 145a 1.43 

I SC + I SF 121 cd 1.21 c L21 

2 SC + I SF b 1.27 b 128 

2 SC + 2 SF 1.25 be 1.27 b 1,26 

3 SC + 2 SF 112 e US cd 115 

3 SC + 3 SF 1.19 d I 15 d 1,17 

Years mea'] 1.24 1.26 

CD 0.05 0.05 0.04 

CV% 440 342 

CD· Cr;1 ical dil1(;rc"~c 

CV = Coefficiem of variation 

1 SF stands for Sunflower, SC siands for Sugarcane and figures berore SF and SC 
denote the number of rows in the geometry pattern. 

2 Means sharing a leiter in common in the respective column do not differ 
significantly at p:5 0.05. 
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4.1.11 Interactive effects levels intercropping geometries on weight ter,croppillg sysltem during autumn 1-''''''''U6' 

lntercropping geometries- I 

Sole 

-+ I 

2 -+1 

2 SC + 2 

3 SC + 2 

J +3 

levels 
140-lUu-IUU 

1 1996 -- '.-----~ -- _. _._------.'-

1.11 h 

Ll6 

Lll h 

J 

100 i 

I 21 

1.11 

I 16 

1 14 fg 

I.U4 h 

Ll9 

l.24 

1.17 

1.11 h _.- .. _- - - -----_ .. -----CDo.os 0.09 0.07 0.09 

3 4.40 

--
~ of variation 

b 

I 19 

1.24 e 

I. de 

1gef 

I 19 ef 

0.07 

1995 

166 a 

I 

39 bed 

IASb 

0.09 

4.40 

cane 

140-200 

1996 

1.67 a 

I 

1.42 b 

d 

in a 

r;:;J~:;,;;~f;;;:-.;;;:;A;:;;;;:;;-"~r;-;stands sugarcane and before denotes number of rows the pattern. 
LM:earls S]hllr'inl> a letter in common do not at p ~ 



4.1.12 Sugarcane harvest index: 

The analysis variance (Appendix-S.I.12, I) indicated Ihat during 1995 

the elfeet of fertilizer doses and its interaction with geometries on the sugarcane 

harvest index was non-significant whereas the geometries were significant. In 1996, the 

main effects behaved as previously but the interaction was significant (Appendix-

5.1.12,2). The means offel1ilizer (Table 4.1.12.1) showed that the increase in NPK 

levels increased harvest index of sugarcane. The highest harvest index ratio of 0 86 was 

obtained at the ]'..'PK level of 180-140-200 kg ha·1. and it was significantly greater than 

harvest index for Ihe rest ofNPK levels ..I"'·'no 1996. When averaged across the 

years, the highest harvest index was produced by the highest NPK lelfel of 180: 140200 

kg ha·'. 

The geometries means presented in Table 4.1.12.2 indicated that the 

sugarcane harvest index in 1995 was the highest in the sole crop, which was 

significantly higher than the harvest indices for the intercropping geometries. The 

sugarcane harvest index during 1996 was also the highest in the sole crop which was al 

par with the intercropping of2SC + I SF & 2SC + 2SF but significantly 

ditlerent from rest of the intercropping geometries. The inlercropping geometries 3SC 

+ 2SF and 3SC + 3SF gave the lowes! harvest index during 1996. 

The interaction means given in Table 4.1.12.3 showed non-significant 

effects on harvest index ill 1995 but significant during the succeeding year. The harvest 

index of the sole crop of sugarcane at NPK level of 140-100-100 kg ha'! was although 

at par with the intercropping geometry of2SC + 1 SF and 2SC + 2SF, but was 

significantly ditl'erent Ibm the rest of the intercropping geometries 

In 1996, the harvest index of the sole sugarcane crop with a fertilizer 

dose of 160-120-150 kg NPK ha- 1 was significantly higher than the intercropping 

geometries of3SC + 2SF and 3SC + 3SF. There was a similar trend illlhe geometries 

under Ihe fertilizer levels of 180-140-200 g NPK ha- I
. It is clear from these finding5 

that the most economical intercropping geometries were 2SC + I SF and 2SC + 2SF 

that produced statistically the same harvest as recorded in sole crop of sugarcane 

at all fertilizer doses. It is evident from the Table 4.1 12.3 that increase in number of 
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sunflower rows decreased the harvesting index (3SC -! 2SF and 3SC 1- 3SF), which 

might due to the competition of sunil ower rows among themselves and with 

sugarcane for light. space and nutnems In geometries closely spaced 3-rows in 

strips of sugarcane caused more competition among sugarcane rows and thereby 

decreasing its yield which ultimately resulted in lower harvesting index 
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Table 4.1.12.1 

NPK levels (kg lIa") 

140-100-100 

160'120:150 

180-140-200 

Years mean 

CDool 

CV% 

Sugarcalle harvesl inde. as affecled by different NPK levels 
in a sugarc811e-sunnower inlercropping system during 
autumn planting. 

1995 1996 Mean 

0.84 0.81 c 
, 

0.83 

0.84 0.83 b 0.84 

0.84 0.86 a 0.85 

0.84 0.83 

0.29 0,10 

2.62 1.05 

CD ~ Critical difference 

cv = Coefficient of variation 

I Means sharing a leHer in common in the respective column do not differ 
significantly at p:S 0.05 
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Table 4.l,12.2 Sugarcane harvest index as affected by different 
in!ercropping geometries ill a sugarcane-sunflower 
intercropping system during autumn plallting. 

Inlercroppillg geometries' 1995 1996 Mean 

Sole SC 0.87 at 0.86 a 0.86 

I SC + I SF 0.83 b 0.83 be 0.83 

2 SC + I SF 0.83 b 0.84 ab 0.84 

2 SC + 2 SF 0.84 b 0.84 ab 0.84 

3 SC + 2 SF 0.83 b 0.8l d 0.82 

3 SC + 3 SF 0.82 b 0.81 cd 0.82 

Years mean 0.84 0.83 

CD 0.05 0.2 02 

CV% 2.62 1.05 

CD = Critical difference 

C V = Coefficient of variation 

I SF siands for Sunflower. SC stands for Sugarcane and before SF and SC 
denote the number of rows in the geometry pattern 

2 Means sharing a letter in common in the respective column do not differ 
significantly at p:'S 0.05. 
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4.1. Interactive of NPK levels Ilnd on in a sugarcane-
SUlln~,we,r illtercropping during autumn planting. 

------ - ... - -.--------
NPK (kg 

Intertropping 1;." .... "" .. " 
1996 

--~--~ -~ ~~~------ -.--~ 

+1 

2 + 1 

2 +2 

3 + 2 SF 

3 +3 

086 

o 
0.84 

0.84 

0.84 

0.82 

037 
-.-- ~.-- ~--- - _._- ~ ------

2.62 

= Critical difference 
= of variation 

0.81 efgh 

0.81 

0.79 gh 

078 h 

0.87 

160-120-150 

1996 

0.86 abed 

abed 

0.84 bcde 

OA 

0.87 

0.84 

0.84 

0.84 

0.82 

0.82 

180-140-200 

1996 

0.86 

0_87 

0.88 

a 

defg 

o. 

I 

">rr.~n"· and SC denotes number in the geometrical pattern, 
II letter significantly at p S 
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4.1.13 Cane top ratio (%): 

Cane-lOp ratio is an important indicator of the final economic yield 

per unit area, The analysis of variance (Appendix-S, 1,13,1) showed that during 

1995, the effect of fertilizer doses and their imeraction with intcruopping . 
geometries on the cane-top ratio was non-significant whereas the geometries differed 

signiticamiy, In 1996 (Appendix-S, 1,13,2), a similar trend was observed in the 

geometries the interaction but the fertilizer doses had a signitlc3m effect on the 

sugarcane cane-top ratio, The fertilizer means given in Table 4,1.13,1 revealed that 

in 1996. the highest cane-top ratio was realized at the fer! Ilizer dose of 140-! 00-1 00 

g NPK ha') which was signHkantly greater than rest the fertilizer doses, The 

lowest cane-top ralio was observed with the fertilizer dose of 180-140-200 kg l'iPK 

ha' indicating a beneficial effect of the heavy fertilil.ation, The lowes! ratio indicates 

the maximum gain, Here the increase in fertilizer doses reduced the eompetitlon lor 

nutrients among canes and heavy canes compared to the top were produced, 

Therefore. the highest fertilizer dose of 180-140-200 kg NPK had gave the lowest 

cane-top ratio, 

The geometries means in Table 4,!, 12,2 indicated that all the 

imen;ropping geometries produced signitkantly (P<0,05) higher "ane-top ratios as 

compared to the sale crop, The same trend was observed in 1996 Cfable 4, L 13,2). 

However. the intercropping geometries of 2SC + ISF and + 25 F produced 

signil1cantly lower cane-lOp ratio than res! of the geometrical patlen!. Higher cane

top ratio in the intercropping geomt:tries might be the result of allelopathic effect or 

suntlower plants on the sugarcane plants, Considering intercropping geometries. the 

lowest cane-top ratio of 19 and 19 were shown in the intercropping geometries of 

2SC + 1 SF and 2SC + 25F which might be due to belief growth and development 

of the cane beeause of better circulation of air and light imo the pla!1t canopy as a 

results of more space between the cane strips, Almost similar results were made by 

Mali 1# al. (1982), 
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The: inte:raction of fertilizer and planting geometreis had no signitlcam 

elle(:t on cane-top ratio during both years (Table 4, L 13,3), 

The cane-lOp rmio is negatively correlated to the nnal sugarcane 

yield, The smaller top bottom ratio in sole sugarcane crop might be due to less 

competition of sugarcane for light and nutrients with any inter-crop. The highest 

cane-top ralio in 3SC + 2SF and 3SC + 3SF in both years might be due to greater 

imer-f{)w competition lor light and available space within sugarcane strips, Malik el 

al. (1993) also reponed improvemem in cane-lOp ratio with an increase in fertilizer 

level, 

104 



Table 4.1.13.1 

NPK levels (kg ha") 

140-100-100 

160 120: 1 SO 

180-140-200 

Years mean 

CDO.Ul 

CV% 

Cline-top ralio as IIffected by different NPK levels in a 
sugarcane-sunflower inlercropping system during autumn 
planting. 

1995 1996 Mcan 

20 24 a 
, 

22.00 

20 20 b 20.00 

19 16 c 17.50 

19.67 20.00 

4.14 I.S 

16.98 6.74 

CD = Critical difference 

CV = Coeflicient of variation 

I Means sharing a letter in common in the respective column do not differ 
significantly at p ::: 0 05 
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Table 4.1.13.2 Cane-top ratio as affected by different intercropping 
geometries in a sugarcane-sunllower intercropping system 
during autumn planting. 

Inlercropping geomelries' 1995 1996 MellI! 

Sole SC 15 b" 16 d 15.50 

I SC + I Sf 20 a 20 b 20.00 

2 T 1 Sf 19 a 19 c 19.00 

2 SC + 2 SF 19 a 19 c 19.00 

3 SC + 2 Sf 20 a 24 a 22.00 

3 + 3 SF a a 22.50 

Years mean 19. J7 20.17 

CD""1 3 

CV% 16.98 6.74 

CD ~ Critical ditference 

CV ~ Coeflicient of variation 

I Sf stands for Sunflower, SC stands for Sugarcane and figures before SF and SC 
denote the number of rows in the geometry paltem. 

1 Means sharing a leiter in common in the respective column do not differ 
significantly at p:S 0.05. 
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Table 4.1.13.3 Interactive effects of NPK levels and plantin geometries on sugarcane top bottom ratio (%) in a sugarcane
sunflower intercropping system during autumn planting. 

- - -_._-
NPK levels (kg ha· l

) 
- - ,-- ----,- - ."--_ ._. __ ._- --_ .. " -- -- -._ . --- . . ---- - .--- - .-- -"-

Intercropping geometries' I 140-100-100 160-120-150 180-140-200 

1995 
... -- ----------

Sole SC 

I SC + I SF 

2 SC + 1 SF 

2 SC + 2 SF 

3 SC + 2 SF 

3 SC + 3 SF 

CDo.o\ 

17 

21 

19 

19 

19 

22 

5.24 
--_. _ _ ._--- ----
CV% 16.98 

CD = Critical difference 
CV = Coefficient of variation 

-------
1996 1995 

19 15 

2S 20 

24 21 

24 21 

27 21 

27 21 
---_._-

2.34 5.24 

6.74 16.98 

_, _____ 0' _______ ____ • ___ 

1996 1995 1996 

16 14 12 

16 20 16 

17 18 14 

19 20 14 

2S 21 20 

24 21 20 

2.34 5.24 2.34 

6.74 16.98 6.74 

1 SF stands for sunflower, SC stands for sugarcane and figures before SF and SC denotes the number of rows in the geometrical pattern. 
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4.1.14 Sugar recovery ('Yo): 

The data on sugar recovery were recorded only in 1995 in Chashma 

Sugar Mills Dera Ismail Khan. The analysis of variance (Appendix-S.l.14.1) evinced 

that the effect of fertilizer doses, geometries and their interaction in the sugar recovery 

percentage, was non-significant. However, the percentage sugar recovery varied from 

7.50 to 7.58 under the different fertilizer level;;. These resliitg are in accordance with 

the findings of Malik el al. (1993) and Yin and Yang (1993), who reported Ihal 

different fertilizer doses failed to cause significant increase in sugar recovery 

percentage 
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Table 4.1.14.1 

NPK levels (kg ha- 1
) 

140-100-100 

160120:150 

180-140-200 

Year mean 

CDoas 

CV% 

Sugar recovery (%) as affected by different NPK levels ill a 
sugarcane-sunflower inlercropping system during autumn 
plllnting 1995. 

1995 

Melin 

7.50 

7.55 

7.58 

7.54 

0.16 

7.00 

CD = Critical difference 

CV = Coefficient of variation 
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Table 4.1.14.2 Sugar recovery (%) as affected by different inlercropping 
geomelries in a sugarcane-sun Dower il1lercropping system 
during aulumn plau/jng 1995. 

In lercroppillg geometries 1995 

Melill 

Sole SC 7.85 

+ I SF 7.50 

2 SC + I 7.64 

2 SC + 2 7.36 

3 SC 4- 2 SF 7.49 

3 SC + 3 SF 7.42 

Year mean 7.54 

CD001 0.51 

CV% 7.00 

CD ~ Critical difference 

CV = Coefficient of variation 
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Table 4.1.14.3 Interaction effects of NPK levels and intercropping 
geometries on sugar recovery (%) in a sngarcane-sunnower 
intercropping during Autumn 1995. 

Intercropping 
geometries' 

NPK levds (kg hll"') 

140-100-100 160: 120: 150 180-140-200 

Sole SC 7.69 7.97 

I SC + 1 SF 7.56 7.63 7J! 

2 SC + I SF 7.78 7.59 7.55 

2 SC + 2 SF 7.31 7.45 7.31 

3 SC + 2 SF 130 7.44 175 

3 SC + 3 SF 135 7.32 7.58 

CDO.M 0.81 

CV% 7.00 

CD = Critical dilTerence 

CV = Coefficient of variation 

1 SF stands for Sunllower. stands for Sugarcane and figures before SF and SC 
denote the number of rows in Ihe geometry pattem 
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4.1.15 Stripped cane yield (t ha· 1
): 

The analysis of variance for strip cane yield ha'l (Appendix-S.! ! 5.1) 

revealed that during ]995. the effect of fertilizer doses, intercropping geometries and 

their interaction on the stripped cane yield were signiflcant. Similar trend was noticed in 

1996 (Appendix"S.l.l 5.2). The stripped cane yield means given in Table 3.11 5 I. 

indicated that increase in fertilizer dose caused a significant increase in the yield of 

stripped canes in both years. The NPK level of 180-140-200 kg ha'[ in 1995 gave the 

highest cane yield of ! 02.21 tones ha'l which was significantly different from the yield 

obtained with rest of fertilizer doses. The same trend was observed in 1996. 

The geometries means in Table 4.1.15.2 showed that stripped cane yield 

was significantly reduced by intercropping. As regard geometries, the highest stripped 

~allC yield oriH I lIa·
1 

was produced by the illl<:ICroppillg g<:omt:lry of2SC'1 2SF in 

1995 and 88.72 t ha'! by the geometry of 2SC T I SF 1996 and their yield was 

significantly different from the yield produced by the intercropping geometries of3SC 

+ 2SF and 3SC + 3 SF in the respective years. These results indicate that the best 

intercropping geometries with respect to cane yield is 2SC ',. I SF or 2SC T 2SF These 

findings are in accordance with those of Khanzada el al. (1989), Kathiresan & 

Rajasekaran (1990), Kannappan el al. (1990) and Sathyavelu (1991) 

The interaction means presented in Table 4.1.15 3 showed significant 

interaction in 1995. but non-significant in 1996. The highest Yield was produced in the 

sole crop at all the fertilizer doses. Among the intercropping geometries and NPK 

combinations, a fertilizer level of 140·100-100 kg ha'l with a geometrical paltern of 

2SC r 2SF appeared to be the best. Similar resulls were reported by Kannappan el al. 

(1990a & b), Khan Zada ('/ a/. (1989), B\lkh(iar ('/ al. (1988 a & b), Ralhi el al. (1977) 

and Singh (1975) In contrast, Thompson and Dutait (1969) repolled an increase in 

cane yield with intercropping. It is evident that when sunflower is imercropped with 

sugarcane (Bakhtiar and Ghuiam, 1988), lower yield of sugarcane is obtained, 

indicating an allelopathic effect of sunflower on the grmvth and development of cane. 
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Table 4.1.15.1 

NPK levels (kg ha-') 

140-100-100 

160 120: ISO 

180-140-200 

Years mean 

CDool 

CV% 

Stripped Clille yield (I ba') as affected by different NPK 
levels ill II sugarcalle-sunflower intercropping system during 
lIulumn plantillg. 

1995 1996 Mean 

69.67 c J 7104 c 70.36 

8708 b 88.33 b 87.71 

102.21 a 100.16 a 10L 19 

86.32 86.51 

4.36 4.73 

4\0 3.34 

CD = Critical difference 

CV = Coefficient of variation 

I Means sharing a letter in common in the respective column do not differ 
significantly at p:::: 0.05. 
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Table 4.1.15.2 Stripped cane yield (I hal) as affected by different 
illtercropping geometries in a sugarclllle-sunRower 
intercropping system during antumn planting. 

Intercropping 1995 1996 Melin 
. I geometries 

Sole SC 10650 a 
, 

98.91 a 102.71 

I SC -+ I SI' !So 7S b so.7.1 b 86.76 

2 SC -+ 1 SF 86.19 b 88.72 b 87.46 

2 SC -+ 2 SF 87.22 b 88.05 b 87.64 

3 SC+ 2 SF 74.96 c 78,25 c 76.61 

3 SC"" 3 SF 76.24 c 78.40 c 32 

Years mean 86.32 51 

COD'" 3.41 2.78 

CV% 4 10 3.34 

CD = Critical difference 

= Coefficient of variation 

I SF stands for Sunflower. SC stands for Sugarcane and figures before SF and SC 
denote the number of rows ill the geometry pattern, 

2 Means sharing a leiter ill common in the respective column do not differ 
significantly at p :s 0,05 
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Table 4.1.15.3 Interactive effects on NPK levels and intercropping geometries on stripped cane yield (t ha-') in a sugarcane
sunflower intercropping system during autumn planting. 

-_._- - -.- - - _ ._------- - --- - -
NPK levels (kg ha-') 

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

Intercropping geometries-' 140-100-100 160-120-150 

Sole SC 

I SC+ I SF 

2 SC + I SF 

2 SC + 2 SF 

3 SC + 2 SF 

3 SC + 3 SF 

CDo.05 

CV% 

CD = Critical difference 
CV = Coefficient of variation 

1995 
.-.-- --.--

82.40 e2 

65 .00 g 

72. 50 f 

73 . 10 f 

61.33 g 

63 .67 g 

5.91 

4. 10 

1996 

86.33 

69.23 

73 .20 

70.87 

62. 10 

64.53 

4.78 

3.34 

- - ---_ .... _--_. 
1995 1996 

---- - -------
109.50 b 

88.97 d 

SQOde 

S" 03 de 

7~ . 53 f 

76. 10 f 

5.9 1 

-1 . 10 

9903 

90.63 

89.87 

89.63 

80.40 

80.43 

4.78 

3.34 

-- ---" - -- - . __ .-
180-140-200 

----
1995 1996 

127.70 a 111.37 

106.40 bc 100.33 

100.70 c 103 .10 

101 .50 c 103 .67 

88.00 de 92 .27 

88.97 d 9023 

5.91 4.78 

4. 10 3.34 

ISF stands for sunflower, SC stands for sugarcane and figures before SF and SC denotes tne number of rows in tne geometrical pattern. 
2Means snaring a letter in common do not differ significantly at p :5 0.05 
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4.1.16 Lalld equivalent ratio (LER): 

The data pertaining to of autumn sugarcane-sunflower 

intercropping system are presented in Table 4.1 16. L The LER (combined LER of 

sugarcane and sunflower) in ranged between 1.20 and 1.59 during 1995 and between 

1.27 and 1.62 in 1996 in different sugarcane-sunflower intercropping patterns. In other 

words the intercropping yield advantages varied from 20 to 59 % and 27 10 62 % 

during 1995 and 1996 respectively. It could be inferred. that advantage due to 

inlercrop per hectare yields were equal to sole crop yields obtained from 1.20 to 1.59 

hectares in 1995 and 1.27 to 1.62 hectares in 1996. 

The LER of intercrops compared to their sole crops was found higher in 

both years (Table 4.1.16. I) This revealed that the different sugarcane-sunflower 

intercropping geometries were biologically more efficient as compared to their sole 

crops. The highest LER of ! 59 and I 62 was recorded for sugarcane-sunflower 

intercropping geometry ofT2 (I SC " I SF) during 1995 and 1996. respectively, 

lbllowed by sugarcane-sunt1ower mtercropping geometry ofT4 (2Se + 2SF) recording 

LER of J and J AO in the respective years. The inlercropping geometry T5 (3SC + 

2SF) produced LER of I and I J 1 in 1995 and 1996, respectively. Where-as T6 

(JSC + 3SF) gave an LER of 1.21 and 1.29 in ]995 and ]996 respectively. The lowest 

LER of 1 :0 and 1 in 1995 and 1996 was observed in the treatment T3 (2Se + 

I SF). It revealed that to produce the combined mixture yield by growing pure stands 

would require 59-62% more land in case ofT2 (I SC + I SF) intercropping geometry 

and 33-40% more land in case ofT4 (:SC + 2SF) intercropping geometry. Similar 

results were reported by Ahmad (1990) in case of wheat + lentil and wheat + gram 

il1tercropping. Sherma el al. (1993) and Sih-Marjayanti and Arsana (1993) also 

narrated similar findings. 
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Table 4.1.16.1 Land equivalent ratios as affected by different intercropping 
geometries in a sugarcane-sunflower intercropping system 
during autumn planting. 

lntercropping geometries' 1995 1996 

Sole SC 1.00 1.00 

I SC ~ 1 SF 1.59 1.62 

2 SC + I SF I 20 

2 SC ~ 2 SF 140 

3 SC 4" 2 131 

3 + 3 SF 1.21 129 

I SF stands for Sunflower. stands lor Sugarcane and ligures before SF and SC 
denote the numbers of rows in the genmetry pattern. 
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4.1.17 Relative crowding co-eflicienl (Ree): 

Relative crowding co-efficient plays a remarkable role in detennining the 

competitive effects and intercropping advantages. It gives a measure of whether a 

species has produced more or less yield than the expected one. If a species has a 

coefficient less than, equal to or greater than one, it means it has produced less yield, 

the same yield or more than the expected yield respectively. The component crop with 

the highest coefficient is the dominant and with the lowes! is dominated if the total 

relative crowding coefficient of the component crop is greater than, equal to or less 

than one, then there will be the yield advantages, no differences and yield 

disadvantages, respectively. The results of the relative crowding co-efficient (RCC) are 

presented in Table 1.17.1. These results indicated that the RCC of all the sugarcane

sunflower intercropping geometries tested in the intercropping system produced yield 

advantages. The highest K value of 15.76 and 20.14 was recorded in an intercropping 

geometry ofT2 (lSe + ISF) in 1995 and 1996. respectively, followed by m:atment 

T4 (2Se + 2SF) with RCC value of 91 and 8.26 in the years 1995 and 1996 

respectively, 
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Table 4.1.17.1 Relative crowding co-efficient (RCC) as affected by different 
inlercropping geometries in a sugarcane-sunl1ower 
intercropping system during alit limn planting. 

Intercropping geometries' 1995 

Sole SC 

I SC + I SF 

2 SC + I SF 

2 SC.; 2 SF 

3 SC +2 

3 SC + 3 SF 

KSCI 4.39 

KISC 3.59 

K 

KSCI 4.23 

KISC 0.65 

K 2.74 

KSCI 4.51 

KISC 1.09 

K 4.91 

KSCI 2.29 

KISC 1.26 

K 2.88 

KSCI 2.51 

KISC 0.99 

K 2.48 

KSCI = crowding co-efficient of sugarcane in intercrop 

K ISC = crowding co-efficient of intercrop in sugarcane 

K = crowding co-efficient 

1996 

7.12 

2.83 

20.14 

8.70 

0.62 

5.39 

8.10 

1.02 

8.26 

3.78 

1.10 

4.15 

3.82 

1.00 

3.82 

1 SF stands for Sunflower, SC stands for Sugarcane and figures before SF and SC 
denote the numbers of rows in the geometry patlem 
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4.1.18 Complementation vs competition: 

Competitive ratio (CR) is also an important indicator to know the 

degree with which one crop competes with the other. In the present evaluation the 

competitive ratios (Tahlc 4 I. 18.1) showed that sugarcane grown in association with 

sunflower under various intercropping geometries exhibited the highest competitive 

ratio of2.05 and 2.34 in 1'3 (2SC + lSF) during 1995 and 1996 respectively. rt was 

also observed thai the lowest competitive ability of sugarcane with sunflower was 

recorded in an intercropping geometry of T2 (I SC + I SF). In other words, it can be 

stated that in this treatment (T2) of sugarcane-sunflower intercropping system, there 

was the minimum competition between SC and SF for the common resources and that 

Ihis is the best inlercropping geometry tested in the sugarcane-sunflower intercropping 

system in both years. This also indicated thaI with an efiicient intercropping planting 

geometry, competition between crops could be avoided in multiple cropping and 

negative effect of competition could be reduced 

120 



Table 4.1.18.1 

Intercropping 
• I geometries 

Sole SC 

+ I SF 

2 SC + I SF 

2 SC +2 

3 SC + 2 SF 

3 SC + 3 SF 

Competitive ratio (CR) as alTected by dilTerent 
inlercropping geometries in a sugarcane-sunnower 
intercropping system during autumn planting. 

1995 1996 

CSCI 103 1.19 

CISC 0.96 0.83 

CSCI 2.05 2.34 

CISC 0.48 0.42 

CSCI 155 178 

CISC 064 0.56 

CSCI 1.25 I 51 

CISC 0.79 0.65 

CSCI 144 1.58 

Clse 0.69 0.63 

CSCI = Compelilive ralio of sugarcane in intercrop 

CISC = Competitive ratio of in!ercrop in sugarcane 

I SF slands for Sunflower. SC stands for Sugarcane and figures before SF and SC 
denote the numbers of rows in the geometry pattern 
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4.1.19 Yield Advalltage (%): 

The values for the competition and yield advantages under different 

intercropping geometries in a sugarcane-sunflower intercropping system are given in 

Table 4.1 19.1. The actual yield of sugarcane and sunflower in the combination were 

less than the expected yield in ali the imercropping planting geometries under study 

Therefore. yield disadvantages were observed in all the treatments compared to pure 

stands. However. the least disadvantage of only 18.93% in T2 (lSC + ISF) and 

10.97% in TJ (2SC + I SF) were recorded in the sugarcane-sunflower system during 

1995 and 1996 respectively. The yield disadvantage might be attributed to the 

competition of the componenl crops for the same resources and the allelopathic effect 

of sunflower residue on the yield of sugarcane. 



Table 4.1.19.1 Expected yield (t hal) and yield advantage (%) over 
expected yield of sugarcane and sunnower as affected by 
different intercropping geometries in a sugarcane-sunflower 
inlercropping system during aulumn planting. 

Intercropping geomell'iesl Expected 
yield 

1995 1996 

Sole SC 

Sugarcane 107.13 99.68 

I SC + 1 SF Sunflower 1.49 1.58 

Advantage -18.93 -13.10 
over 

Sugarcane 107.73 99,68 

2 SC + I SF Sunflower 0.69 0.71 

Advantage -19.91 -10.97 
over 

Sugarcane 107.67 98.93 

2 SC + 2 SF Sunflower 136 1.42 

Advamage -19,29 -1140 
over 

Sugarcane 107.50 99,05 

3 SC + 2 SF Sunllowcr 0.82 0.86 

Advantage -30.67 -20.78 
over 

Sugarcane 107.38 99.24 

3 SCd SF Sunflower 1.24 1.28 

Advantage -2906 -2Ll5 
over 

I SF stands for Sunflower. stands for Sugarcane and figures before SF and SC denote 
the numbers of rows in the geometry pattern 



4.1.20 Economics of intercropping: 

The economic benefits obtamed from different intercropping planting 

geometries of sugarcane and sunnower at different doses of fenilizer were compared 

with the sole crop of sugarcane. The net income from different treatments was worked 

out by subtracting the cost of production for each treatment from its gross income. The 

data presented in Table 4. 1.20.1 revealed that all the intercropping treatments did not 

increast: the net income over sole crops. The highest net income of Rs. 56rn2/- per 

hectare was obtained from the sole crop. The next highest income of Rs. 51307/- and 

Rs.464rnl- per hectare, was given by the intercropping geometries of ISC + ISF and 

2SC + 2SF respectively, while the other planting geometries intermediated. Almost 

similar trend was noticed in 1996 as is evident from tile data in Table 4.1 The 

highest net income of Rs. 510801- per hectare in 1996 was given by the intercropping 

planting geometry I SC + ISF. which was slightly higher than the net income recorded 

from sole sugarcane crop. The lowest net income was produced by the intercropping 

geometry of 3SC + 3SF. These results confirm the t1ndings of Bukhtiar and 

Muhammad (1988), Bukhtiar et aL (I 988a & b) and Kannappan et aI. (I990a & b), 

who reponed that sunl10wer intercropped with sugarcane gave less net income than sole 

sugarcane. Our tindings suggest that intercropping sunllowt:r with sugarcane needs 

more research to lind out an economical mtercropping pattern. Ahmad el aL (1993) 

also reported that all the intercropping systems tested in his experiments failed 10 

increase the net return over sole crop of sugarcane. The decrease in net return as a 

result of suntlower intercropping might be attributed to exhaustive competition between 

the component crops for essential growth factors. It is believed that LER is nOI a good 

indicator of net return, which has been also reported by Rahman and Shamas-ud-Din 

(1981), while studying intercropping of lentil and wheat. However, with an almost 

equal net income from sole sugarcane it would advisable to practice sugarcane

sunflower intercropping in order to minimize the input bills of edible oils which rank as 

high as Rs.33304.4 million on yearly basis 
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Tnhl~ 4.1.20.1 

+ I 

2 +1 

2 +2 

3 +2 

3 +3 

Sugarcane 

Note: Prevalent 

I<:c(lIIomi.:s of 

Callc yicld 
(I 

106. 

86.19 

18 

yield 

648 

911 

811 

1630 

rates in March. 

Sugarcane: 

Sunflower· 15 kg" 

intercroll combillllliolis in autumn planted calle 1995. 

income 

95057 

88997 

78875 

24450 

produ
ction (Rs. 

36250 

42500 

42500 

7500 

Net income 
(Rs. 

51 

16950 

2,17 

2.00 

1.86 

l.00 

1.59 

1.20 

1 

1.21 

Calle yield 

(t ha-1
) 

1 

101 

14 



Table 4. 

Treatments 

Economics various intercrop combinations ill autumn planted cane 1996. 

Cost of produ
(Rs.lla<') 

Net incilme BCR LER Cane yield 

(t ha·1
) 

I 

I 

94 

I 



Experiment-n 

Studies on sugarcane (Sq-sunnowcl' (SF) intercropping system at different 

geometrical patterns and NPK levels during spring 1996 and 1997. 

4.2a A bslract 

Sllidies ollihefeasibilily of sugarcalle (SC)-slII!flvwer (Sf) il1lerervpping ;y,11em 

<II diffenml geometrical pallems alld NPK Jepels were eOlldlleled al ARI. D.l.Khan 

dllring springs of 1996 alld 9i, The mail! plllis eOllsisled of Ihrel! ferlilizer l!fwds viz" 

/-10-100-100, 160-120-150 alld 180-NO-200 kg NPK kg hdl, while Ihe sub-plols 

cOlJ/oilledseFellllllercmpl)llIg geOJlIl!lrical pallerlls viz" sole sugarcalle (SC), olle row qf 

,~lIgar('alle ' u/le mil' of Sill !flower (SC I row'! SF I row), SC 2-ruw slrip' SF I row, 

SC 2-l'ow sirip , SF 2 /'OWl', SC 3-rolV slr!p " SF 2-toll's, SC 3-mw strip + SF 3-rows, 

alld svle .1'111 If/olVer (.)'F). Data 011 sllgarcCllle plallt heighl, slem diallleler, welghl per 

COile, calle-lOp rallo, sugar recovery alld calle yield ha'l, were recorded. Similarly dala 

WI slII1f/ower plalll heighl, disk dlameler, seed yield hd! alld weed biomass were a/so 

recorded The NPK lel'el~ differed sigllificallily in ajJecJi!lg all Jhe growth paramelers 

exomllled 'fneferlili::er le"el ,if 180-/40-200 NPK kg hO'1 showed positiVI! e.ffect 0/1 all 

Ihe pc/mllleler,\', 1ne porameters also differed ill respect 10 diffirellt illiercropping 

geometries, fnl! highesl LER (1,5 I) was cUn/puled for Ihe il1lercl'oppillg pIal/ling 

geometry of olle /'Ow q/sugarcalli!c one row of slII!flower (I SC T I SF). SIgnificallt 

rednctioll ill weed blOma,v.I wos also recorded illlhls geometrical pollern The highesll/lil 

retllnl lif R.I", 29281 hd! H',/,\' received from the sole croppillg of sugarcalle thall all olher 

illlercrvppilig Irea/mews .1111died, Therefore, Ihe illlercropping (if slII!flolVer ill sprillg 

sugarcane /s 1101 suggested dlle 10 lis severe adverse <!ffecis 01/ slIgarcane yield 
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4.2.1 Weeds biomass (g m -2). 

Weeds were collected from each treatment and then their fresh weight 

was recorded. The data were statistically analyzed using analysis of variance techniques 

(Appendix-2. Ll). The means presented in Table l.1, revealed that different NPK 

levels failed 10 produce any significant change in the weed biomass in 1996, though a 

slight increase in weed biomass was observed with an increase in NPK leveL However, 

in 1997, the different NPK levels had significant effect on the weed biomass and the 

maximum weed biomass was obtaIned from the treatment receiving the highest level of 

fertilizer. whereas the lowest weed biomass was recorded in the treatment receiving the 

lowesllevel of fenilizer 

The data penaining 10 the effects of different intercropping geometries on 

the weed biomass are given in Table 4.2.12 It is evident from the table that the 

intercropping geometries had significant effect on the weed biomass. The lowest weed 

biomass was recorded in the intercropping geometry 1 SC + I in both years, This 

geometry reduced the weed biomass to the level of 317 g m'l in 1996 as compared to the 

weeds biomass of 66 I g nf' In the sole sugarcane. This geometry was at par with sole 

sunflower and reduced the weed biomass significantly as compared to the rest of 

intercropping geomelnes The results obtained in 1997 showed similar trend (Appendix-

2.1.2) 

There was no Significant interaction of ~'PK levels and intercropping geometries 

for weed biomass in 1996 However, significant interaction was observed in 1997 (Table 

4.2.1.3) The highest weed biomass was recorded in sole sugarcane and the lowest in sole 

sunflower. The intercropping geometry I + I SF produced significantly the highest 

weed biomass at the highest NPK level. 
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Table 4.2.1.1 Weeds biomass (g m·2
) as affected by different NPK levels in a 

sugarcane-sunflower intercropping system during spring 
planting. 

N: P: Klevels 1996 1997 

160-120·150 460 352 b 

180-140-200 464 457 a 

Years mean 45967 360.67 

CD 0.05 104.5 20 

CV% 14.30 7.38 

CD = Critical difference 
CV = Coefficielll of variation 

! Means sharing II letter in common In the respective column 
significantly a\ p S 0.05. 
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Table 4.2.1.2 Weeds biomass (g m-z) as affected by different intercropping 
geometries in a sugarcane-sunflower intercropping system 
dllring spring planting. 

Intercropping geome!ries2 1996 1997 Mean 

Sale SC 661 aJ 772 a 716.50 

I SC -, I SF , 17 e IS} c 235.00 

2 SC + I SF 511 b 452 b 48l.50 

2 SC + 2 SF 478 be 419 e 448.50 

3 SC + 2 SF 461 be 312 d 386.50 

3 SC + 3 SF 422 cd 311 d 366.50 

Sale SF 367 de lOH 235.00 

Years mean 426.00 29167 

CD 0.05 63 25 

CV% 14_30 7.38 

= Critical difference 
CV = Coefficient of varia! ion 
NS = Non significant 

2 SF stands for Sunflower, SC stands for Sugarcane and figures before SF and SC 
denote the number ofrows in the geometrical pattern. 

J Means sharing a leiter in common in the respective column do not differ 
significantly at p ~ 0.05. 
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Table 4.2.1.3 Weed biomass (g m·l ) as affected by the interaction of NPK levels and intercropping geometries in a 
sugarcane-sunflower intercropping system during spring planting. 

----. -- - -------- _ . -
NPK levels (kg ha") _ ._ --_ •. _------ - -- . -

Intercropping geometries" 140-11 

Sole SC 

1 SC+ I SF 

2 SC + I SF 

2 SC + 2 SF 

3 SC + 2 SF 

3 SC + 3 SF 

Sole SF 

COo.os 

CV% 

co = Critical difference 
CV = Coefficient of variation 

1996 

617 

300 

550 

450 

467 

433 

367 

108.8 

14.30 

10-100 

1997 --_ .. " 
597 c2 

1071m 

389 fg 

352 ij 

204 ij 

204 ij 

57 n 

44 

7.38 

1996 

650 

317 

500 

483 

467 

433 

367 

108.8 

14.30 

180-140-200 

1997 1996 1997 

753 b 717 967 a 

139 kl 333 215 i 

441 e 483 526 d 

406 ef 500 500 d 

321 h 450 412 ef 

3 15 h 400 415 ef 

92 mn 367 161 jk 
. __ ._ .. ---- --

44 108.8 44 
.----. 

7.38 14.30 7.38 
._.- ---- ---

1 SF stands for sunflower, SC stands for sugarcane and figures before SF and SC denotes the number of rows in the geometrical pattern. 
2Means sharing a letter in common do not differ significantly at p S 0.05 . 
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4.2.2 Days to 50% beading: 

The dala Ill' days In 50 'X, h~adillg 11S ai'let'IC!! by dinercllI lenili:r.cr doses 

are shown in the Table I, Analysls of variance is presented in Appendix-2, 2, I. 

The means revealed that the NPK levels did not bring a significant change in the days 

to 50% heading in both years, Similarly the intercropping geometries had no significant 

effect on days to 50% heading in sunt10wer in both years, Similarly the planting 

geometries had no signiticam etTect on days to 50% heading in sunt10wer in both years 

(Table 4,2,2,2). 

The interadion of ~PK kvds and intercropping geometries was also 

non-signiticam in 1996. but highly significam in 1997 (Appendix·2.2.2). The 

imercropping geometry of 2SC + 2SF was significantly different from that of 3SC + 

2SF and sale suntlower at NPK level of 140-100-100 kg ha". but was at par with 

treatments at other NPK levels. Apparently. no valid explanation could be forwarded 

except that the treatment 3SC + 2SF and sole SF took more days to 50% heading at the 

lower NPK level causing the aforementioned significant difference in days to 50% 

heading. These results are contrary to the lindings of Ogunremi (1984), who gO! 

increase in days to 50% heading wilh an increase in nitrogen level. 
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Table 4.2.2.1 

N : P: K levels 

140-100-100 

160·120·150 

180·140-200 

Years mean 

eDoM 

CV% 

Days to 50% heading of sunflower as affected by different 
NPK levels in II sugarcane-sunflower interCl'opping system 
during spring planting. 

1996 1997 Mean 

73 87 80.00 

75 88 8150 

77 81.00 

75.00 86.67 

675 623 

5.10 

CD = Critical di fference 
CV = Coefficient of variation 
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Table 4.2.2.2 naY' to SIPY-, 1II'lIding of sunnower liS affecled by different 
inlercropping geometries in a sugarcane-sunflower 

Intercropping geometries" 

I SC + I SF 

2 SC + 1 SF 

2 + 2 SF 

3 SC + 2 

3 SC + 3 

Sole SF 

Years mean 

CD 0.05 

CV% 

CD = Critical difference 
CV = Coefficient of variation 
NS ~ Non significallt 

1996 1997 

74 86 

72 86 

74 86 

87 

74 87 

78 87 

74.50 8650 

]64 1.96 

5.10 2.36 

4 SF stands for Sunflower. stands for Sugarcane and figures before 
dellote the number of rows in the geometrical pallern. 
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Table 4.2.2.3 Interactive effects of NPK levels and intercropping geometries on days to 50% heading of SF in a sugarcane
sunnower intercropping system during spring planting. 

NPK levels (kg ha-I) 
--------------'-=-- '-------- ---- - --- .---. 

Intercropping geometries-I 140-100-100 160-120-150 

I SC + I SF 

2 SC + I SF 

2 SC + 2 SF 

3 SC + 2 SF 

3 SC + 3 SF 

Sole SF 

CDo.o, 

CV% 

CD = Critical difference 
CV = Coefficient of variation 

1996 

71 

68 

71 

77 

73 

77 

6.31 

5. 10 

1997 1996 1997 --_._------ --_._-----_.-
87 abcdef 

85 def 

88 abed 

89 abc 

84 ef 

90 a 

3.41 

2.36 

74 

75 

77 

75 

74 

77 

6.3 1 

5. 10 

89 abc 

87 abcde 

86 cdef 

88 abcd 

89 ab 

87 abcdef 

3.41 

2.36 

1996 

78 

73 

75 

74 

7S 

80 

6. 31 

5. 10 

180-140-200 

1997 

83 r 

8) det" 

84 ef 

84 cf 

86 bedef 

86 edef 

3.41 

2.36 

ISF stands for sunflower, SC stands for sugarcane and figures before SF and SC denotes the number of rows in the geometrical pattern. 
2Means sharing a letter in common do not differ significantly at p ::: 0.05. 
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4.2.3 Sunflower plant height (m): 

data on sun!1ower plant height as affected by different levels of 

fertili<;er are presented in Table 4.2.4.2. Analysis of variance is shown in Appendix-

2.3. 1, The different fertilizer levels did not significantly affect the sunflower heighl in 

bolh years. The sunflower height fanged from 1.07 to 1.23 m in 1996 from 1.46 to 

1,48 m in 1997 (Appendix-2.4.2) The intercropping geometries also failed to bring 

any significant change inlhe height of sunflower plants when compared to the 

sunflower alone. However, the plant height from 1. 10 10 1. 52 m. 

The interaction between NPK levels & intercropping geometries was 

significant in 1996. but was non-significant in 1997 (Table 33) In 1996, the 

maximum plant height (1.33 m) was recorded in the treatments 2SC + 2SF and the 

sole sunflower at a fertilizer level of 180-140-200 kg NPK ha'l which was statistically 

at par with the 3SC + 3SF (1.23m) and 3SC + 2SF (Urn) at a fertilizerlevel of 160-

120-150 kg N'PK ha-! and 2SC + ISF (1.2 m) at Ihe NPK level of 140-100-100. The 

minimum height was recorded in ISC + 1 SF (0.95m), + 2SF (10m) and 3SC + 

3SF (L03 m) al fertilizer rate of 140·100-100 kg NPK ha·1 (Table 4_2.33). In 1997, 

the plant height of sunflower remained the same at all NPK levels and intercropping 

geometries. These findings with those ofEI-Sayed el al. (1984), who reported 

''''''r''~,;''ill plant height with an increase ill fertilizer level. 



Table 4.2.3.1 SUllflower plant height (m) as affected by different NPK 
levels ill a sugarcane-sunflower illtercropping system during 

N : P : K levels 1996 1997 Mean 

140-100-100 L07 1.47 1.27 

160-120-150 U6 J 48 1.32 

180-140-200 1.23 1.46 L35 

Years mean 1.15 1.47 

CD O.O~ 0.17 0.25 

CV% 7.69 7.24 

CD = Critical di!Terence 
CV = Coefficient of variation 

137 



Table 4.2.3.2 Sunflower plllnt height (m) as affected by different 
intercropping geometries in II sugarcane-sunflower 
intercropping system during spring planting. 

Intercropping geomelries5 1996 1997 Mean 

1 SC + I 110 1.46 1.28 

2 SC + I SF 1.16 148 1 

2 SC +2 SF U7 146 1.32 

3 SC + 2 SF 1.17 1.43 1.30 

3 SC + 3 SF 1 13 1.52 

Sole 1.l9 1.47 1.33 

Years mean 1.15 1.47 

COO.05 0.08 0.10 

CV"10 7.69 7.24 

co = Critical difference 
CV = Coefficient ofvariatton 

l SF stands for Sunflower, SC stands for Sugarcane and figures before SF and SC 
denote the number of rows in the geometrical pattern. 
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o 

§ Table 4.2.3.3 Interactive effects of NPK levels and intercropping geometries on sunflower plant height (m) in a sugarcane
sunflower intercropping system during spring planting. 

NPK levels (kg ha-I) 
---

Intercropping geometries-I 140-100-100 160-120-150 180-140-200 

1996 1997 1996 1997 1996 1997 
---------- - - --. 

I SC + I SF 0.95 g2 1.50 1.08 defg 1.45 1.27 ab 1.44 

2 SC + I SF 1.20 abcd 1.49 I. 12 cdef 1.50 1.17 bcde 1.44 

2 SC + 2 SF 1.00 fg 1.39 1.17 bcde 1.49 133a 1.52 

3 SC + 2 SF 1.15bcde 1.45 1.20 abcd 1.43 1.l7 bcde 1.44 

3 SC + 3 SF 1.03 efg 1.54 1.23 abc 1.50 I 13 bcdef 1.51 

Sole SF 10 cdef 1.47 13 bcdef 1.53 1.33 a 1.44 
__ _ _ _ •• _ . 0..- __ • ___ ------

CDo.os 0.15 017 0.15 0.17 0.15 0 .17 

CV% 7.69 7.24 7.69 7.24 7.69 7.24 

CD = Critical di fference 
CV = Coefficient of variation 

1 SF stands for sunflower, SC stands for sugarcane and figures before SF and SC denotes the number of rows in the geometrical pattern. 
2Means sharing a letter in common do not differ significantly at p ::: 0.05 . 
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4.2.4 Sunflower disc diameter (em): 

Effect of various NPK levels on Suntlower disc diameter was srudied in 

spring of 1996 and I . The mean, given in Table 4.2.4.1 were compared using least 

signit1cant difference at 0.05 P. The Analysis of Variance is given in Appendix-2.4.1 

and Appendix-2.4 The NPK levels affected the sunllower disc diameter signit1cantly 

in both years. The increase in fertilirer level caused an increase in the disc diameter 

with the maximum of 21.5 and 26..,;m in 1996 1997, respectively at the highest 

NPK leveL The minimum disc diameter of 17 and 16.39 em in 1996 & 1997 

respectively, was recorded at the lowest N PK level used in these studies. 

The intercropping geometries significantly affected the sunflower disc 

diameter in both years. In 1996, the maximum disc diameter (22.33 em) was recorded 

in the intercropping geometry of 2SC + ISF which was statistically at par with the 

geometry of2SC + 2SF (Table 4.2.4.2), probably due to optimum space and adequate 

availability of nutrients. [n 1997, the top scoring geometry produced the disc 

diameter, which signiticantly differed from all other intercropping geometries including 

sole sunflower treatment (Table 4.2.4.2). 

Imeraction between NPK & intcrcropping geometries was 

significant in both years (Table 4.2.4. 3). The highest dose of fertilizer with an 

intercropping geometry of 2 rows of sugarcane + 1 row of sunflower produced the 

largest disc in both years. The intercropping geometry of 2SC + 2SF produced the 

comparable disc diameter (25 em) with NPK levd of 18(}'140-200 kg ha' during 1996. 

However. the intercropping geometries in general produced the smaller discs at the 

lowest level of N PK ( 140·1 00·100 kg ha '). These results further indicated that the 

intercropping geometry of + ISF and 2SC + 2SF behaved similarly at the higher 

NPK levels and both were beneticial for sugarcane-sunflower imercropping. It is 

concluded from the results thai geometrical pallern of 2SC + lSF and 2SC + 2SF 

appeared to be the best in all respects. The inferences in both years revealed that 

suntlower yield can be increased by improving nutrition for the intercrops. These 

results are in accordance with those of Saleh er al. (1984), Ogunremi (1984) and Baloch 

(1991). 
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Tuble 4.2.4.1 SlIlIl10wcr disc dilHlIeler (em) liS affected by different NPK 
levels in II slIgllfclIne-sunnower intercropping system during 

N: P: levels 1996 1997 Mesn 

140-100-1 00 17.00 CO 16.39 c 16,70 

160-120-150 19.44 b 2lJ9b 20.42 

180-140:200 21.50 a 26,00 a 23,75 

Years mean 19.31 21.26 

CDO,05 10l 194 

CV% 4.75 

CD; Critical difference 
CV = Coefficient of variation 

6 Means sharing a letter in common in the respective column do not differ 
significantly al p::: 0 05. 
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Table 4.2.4.2 Sunflower disc diameter (em) as affected by different 
intercropping geometries in a sugarcane-sunflower 

Intercropping geometries7 1996 1997 Mean 

1 SC + 1 SF 16.89 d8 19.11 d \8.00 

2 SC + I SF 2233 a 23.78 a 2306 

2 SC + 2 SF 2167 a 22.78 b 

3 SC + 2 SF 18.89 b 22.89 b 20.89 

3 SC +3 18.11 bc 18.89 d \8.50 

Sole SF IS.OO c 20 II c 19.06 

Years mean 19.32 21.26 

CDo.ol 0.S8 0.72 

CV% 4.75 3.55 

CD = Critical difference 
CV "" Coefficient of variation 

7 SF slands for Sunflower. SC stands for Sugarcane and figures before SF and SC 
denote the number of rows in the geometrical pattern. 

8 Means sharing II leiter in common in the respective column do not differ 
significamlyal P ~ 005 
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Table 4.2.4.3 Interactive effects of NPK levels and intercropping geometries on sunnower disc diameter (cm) in a 
sugarcane- sunnower intercropping system during spring planting. 

- - '--- .- .-- -- - - NPK levels (kg ha- I ) 
____ --C..-=------'--_ _____ __ .. __ . 

Intercropping geometries ' I 140-100-100 160-120-150 180-140-200 
_ . --- .. ----

1996 1997 1996 1997 1996 1997 - - _____ . _____ ____ _ 0_-_- _ ____ ._. --_._ - - _. ._----_ ._--- .. _- '--
I SC + I SF 15 .00 i' 13 .67 j 17 .33 fg 19.67 g 18.33 efg 24.00 d 

2 SC + I SF 20.00 cd 1800 h 22 .00 b 23 .67 de 25.00 a 29_67 a 

2 SC + 2 SF 18 .33 efg 18.00 h 21.67 b 22.67 ef 25 .00 a 27.67 b 

3 SC + 2 SF 15 .33 i 18 .33 h 20.00 cd 23 33 de 21.33 bc 27.00 b 

3 SC + J SF 17.67 fg 15 .67 i 17.00 gh 19.00 gh 19.67 de 22_00 f 

Sole SF 15 .67 hi 14.67 ij 18.67 def 20.00 g 19.67 de 25 .67 c 
-------- ._---- _. -- -- -- ----"-- -.---

CDool 1.52 125 1.52 125 1.52 125 
"- ---_._-- -.- ._---
CV% 4.75 3.55 4.75 3.55 4.75 3.55 

----- .. 

CD = Critical difference 
CV = Coefficient of variation 

I SF stands for sunflower, SC stands for sugarcane and figures before SF and SC denotes the number of rows in the geometrical pattern. 
'Means sharing a letter in common do not differ significantly at p ~ 0.05_ 
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4.2.5 Sunflower seed yield (kg ha-'): 

The Analysis of Variance for the yield data is given in Appendix-2.5.1. 

A perusal of the data indicated that N PK levels affected the seed yield significantly in 

both years. The highest yield of 1424 kg ha" in 1996 & 1263 kg ha" in 1997 was 

obtained with the highest 

kg ha-' in 1996 & 729 

ha'(Table 42,5.1). 

of fertilizers (Appendix-2,5.2). The lowest yield of 868 

in 1997 was recorded at the NPK of 140-100-100 kg 

The imercropping geometries significantly affected the sunflower seed 

yield in both years (Table 4.2.5.2), The highest sunflower yields of 1959 kg ha" and 

1389 kg ha' were obtained from the sole crop of sunflower in 1996 and 1997, 

respectively. However. among the imercropping geometries, the highest seed yield of 

1591 kg ha' in 1996 and 1083 kg ha-' in 1997 was produced by the intercropping 

geometry of ISC + 1 SF which was significantly higher than the yield produced by 

the other imercropping geometries indicating its relative usefulness in the system, 

However, the inlercropping geometry of 2SC + ISF gave the seed yield, 

The fertilizer doses interacted significantly with intercropping geometries 

in affecting the seed yield of suntlower in both years (Table 4.2.5.3). In 1996, the 

highest seed yield of 2302 kg ha" was produced by the sole crop of sunflower with a 

fertilizer level of 180·140·200 kg NPK ha", Regarding intercropping geometries, 

intercropping pattern + I SF produced the highest yield (1940 kg) at the 

NPK level of 180-160·200 kg ha-'. The minimum was recorded in the 

intercropping geometry of 2SC + ISF at a fertilizer dose of 100-100 kg NPK ha" 

that signitlcantly differed from the other intercropping geometries at this fertilizer leveL 

These lindings revealed Ihat the best intercropping geometry with respect to yield 

appeared to be lSC + 15f. Similar trend was observed in the succeeding year, 

The sole sunllower treatment produced the highest seed yield due to its 

highest population as compared to imercropping trt::atmt:nts. The intercropping 

gt:ometry of ISC + was found to be the best. Similar results were reponed by 

Baloch (1991), Malik el al. (I and Saleh el at. (1984) 
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Table Sunflower seed yield (kg hlfl) as affected by different NPK 
levels ill a sugarcIIIle-sunnower inlercroppillg syslem during 

N : P : K levels 1996 1997 Mellll 

140-100-100 868 c9 729 C 798.50 

160-120-150 1263 b b 1,099.00 

180-140-200 1424 a 1263 a 1,343.50 

Years mean 1,18500 975.67 

CDO.Ol 100 51 

CV% 6.26 7.04 

~ Critical di fference 
CV ; Coefficient of variation 

--"'-"--

~ Means sharing a letter 111 common m the respective column do not differ 
significantly at p ~ 005. 
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Table 4.2.5.2 Sunflower seed 
intercropping 

I . . 10 ntercroppmg geometries 

I SC + I 

2 SC + I SF 

2 + 2 SF 

3 SC + 2 SF 

3SC+3SF 

Sole SF 

Years mean 

CDOOl 

CV% 

= Critical difference 
CV = Coefficient variation 

yield (kg ha"l) as 
geometries in II 

affected by different 
sugarcane-sunnower 

1996 1997 Mean 

1591 bi! 1083 b 1.3nOO 

714 e 657 d 685.50 

912 d 931 c 1.50 

10 II c 921 c 966"00 

923 d 872 c 897" 

1959 a 1389 II 1.674.00 

1,185"00 975"50 

71.41 66 

6.26 

iD stands for Sunflower" SC stands for Sugarcane and figures before SF and SC 
denote the number of rows in the geometrical pattern 

i! Means sharing a Jetter in common in the respective column do not differ 
significantlyal p :s 005 
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Table 4.2.5.3 Interactive effects of NPK levels and intercropping geometries on sunflower seed yield (kg ha-') in a 
sugarcane- sunflower intercropping system during spring planting. 

NPK levels (kg ha-') 
- -- _ . - - -~---------------------

Intercropping geometries I 140-100-100 160-120-150 180-140·200 
'-- -. - - -_ ._------------ -- - - ._-.--

1996 1997 1996 1997 1996 1997 
- --_._---_ ... _.- _. -- . _ - -_._ - __ 0 · _ 

I SC + I SF 1192 fg2 786 fgh 1640 d 1123 de 1940 c 1340 b 

2 SC + I SF 517 m 514j 807k 664 i 818 k 795 fgh 

2 SC + 2 SF 707 kl 695 hi 942j 840 fg 1088 ghi 1258 be 

3 SC + 2 SF 742 kl 726 ghi 1043 hij 862f 1247 f 1176 cd 

3 SC + 3 SF 625 1m 616 ij 997 ij 869 f 1148 fh 1132 de 

Sale SF 1427 e \038 e 2150 b 1251 bc 2302 a 1877 a 
- ---.-- ._- --_. ---- -- - - --- . . --" --

CDo.os 124 115 124 115 124 115 
. . _ ...... - . . ... . ... --._-

CVO/O 6 _26 7_04 6.26 7.04 6_26 7.04 
.. ---- "- -_ . --_.-

CD = Critical difference 
CV = Coefficient of variation 

[SF stands for sunflower, SC stands for sugarcane and figures before SF and SC denotes the number ofrows in the geometrical pattern. 
2Means sharing a letter in common do not differ significantly at p S 0_05 _ 
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4.2.6 Millable canes m· l row length: 

Number of millable canes per unit area is an important yield parameter 

and has direct bearing on the tlnal yield. The data were statistically analyzed and the 

means were separated using LSD. The data pertaining to number of miilable cane as 

affected by different of fertilizer in a sugarcane-sunflower intercropping system 

are given in Table 4.2.6.1. Analysis of variance for both years (1996 & 1997) is shown 

in Appendix-2.6. I and Appendix-2.6.2 respectively. The data indicated that the 

different fertilizer doses affected signilicantly the number of millable canes in both 

years (Table 4.2.6. I). An increase in the level of fertilizers caused significant increase 

in the number of millable canes with maximum at the highest NPK level used in this 

srudy. 

Sunt10wer intercropping in sugarcane in all planting l'erlme'tri,!~ showed a 

significant effect on the number of millable canes per unit area as compared to sole 

crop in both years (Table 4.2.6.2). The highest number of millable cane per meter row 

length was recorded in sugarcane planted as sole crop which was significantly higher 

than all the imercroppmg geometries in both years. Howevt:r, among the intercropping 

geometries, the grt:atest number of millable canes per mt:ter row length were produced 

in the inten;ropping geometries of 2SC + ISF, 3SC + and 3SC + 3SF which was 

significantly more than the other two geometries in 1996. In 1997, the imercropping 

geometrics of 2SC + ISF and 2SC + produced significantly greatest number of 

millable canes than all other geometries. It is apparent from the results that the 

intercropping pattern of 2SC + lSF appeared to be consistent in producing significantly 

greater number of millable canes per meter row length in both years as compared 10 

other intercropping geometries. 

The interaction between NPK levels and intefcropping geometries in 

affecting the number of mill able canes per unit area was significant in 1996 (Table 

4 6.3) and 110n-signitkant in 1997. In 1996, the maximum number of millable canes 

per meter row length (35) was produced by sole sugarcane at the NPK level of 180-
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140·200 kg hal which was signilicantly higher than all other interaction treatments 

(Table 3). When geometries were compared, the greatest number of miJIable 

canes per meIer row length (27) was recorded in the treatment 3SC + 3SF with 180· 

140·200 kg NPK ha" The minimum number of millable canes per meter row length 

was produced in treatments ISC + ISF (14), 2SC + ISF (18) and 2SC + 2SF (18) at 

NPK levels of 140·100·100 kg ha I which was statistically less than the other geometries 

at this level. All the interaction treatments however, produced statistically the same 

number of millable canes in the succeeding year of study, 

The intercropping geometries produced smaller number of millable canes per 

meter row length than the solt: crop at all the fertilizer levels, Comparing intercropping 

geometries, the combinations of 3SC + 2SF and 3SC + 2SF produced greater number 

of millable canes per meter row length than the olher intercropping geometries. The 

highest number of millable canes per meter row length (27) was recorded in the 

intercropping planting geometry of3SC + 2SF at the fertilizer level of 180·140-200 kg 

NPK ha·'. The greater number of millable canes per meter row length at the highest 

NPK level indicated that there is still scope for testing higher levels of NPK. It might 

be concluded that availability of nutrients in sufficient amount reduced the competition 

between the component crops and each crop yielded according to its potential. Mali et 

at. (1982) and Malik el ai, (1993) reported that increase in fertilizer level resulted in an 

increase in the number of mill able canes per unit area, 
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Table 4.2.6.1 l\tillable canes m~1 row length (no) as affected by different 
NPK levels in a sugarcane-sunflower intercropping system 

N : P : K levels 1996 1997 Mean 

140-100-100 20 el2 10 c 15.00 

160-120-150 23 b I3b 18,00 

180-140-200 25 a 16 a 20,50 
-----------

Years mean 22,61 13,00 

CD,05 148 2,60 

CV% 5.49 7,63 

CD = Crilical difference 
CV = Coefficient of variation 

12 Means sharing a leiter in common in the respeclive column do nol differ 
significanlly al p:S 0,05, 
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Table 4.2.6.2 Millable canes m,j row length (no) as affected by different 
intercropping geometries in a sugarcane-sunflower 
intercropping system during spring plan ling. 

Intercropping geometries lJ 1996 1997 Mean 

Sole SC 30 a'4 20 a 25.00 

1 SC + I SF 16 d II c 13.50 

2 SC + I SF 24 b 16 b 20.00 

2 SC T 2 21 c IS b 18.00 

3 SC T 2 SF 24 h 9d 16.50 

3 SC + J SF 24 b 8d 16.00 

Years mean 23.17 13.17 

CD005 1 12 0.96 

CV% 5.49 7.63 

CD = Critical difference 
CV = Coefficient of variation 

U SF stands for Sunflower. stands for Sugarcane and figures before SF and SC 
denote the number of rows in the geometrical pattern. 

H Means sharing a letter in common in the respective column do not differ 
significantly at p:; 0.05. 
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Table 4.2.6.3 Interactive elTects of NPK levels and intercropping geometries on millabe canes m-l row length (no) in a 
sugarcane- sunflower intercropping system during spring planting. 

NPK levels (kg ha-') 
- - -- - .- . =----'-----

Intercropping geometries-' 140-100-100 160-120-150 

Sole SC 

I SC - I SF 

2 SC - I SF 

2 SC - 2 SF 

3 SC ~ 2 SF 

3 SC - ) SF 

CDo.o, 

CV% 

CD = Critical difference 
CV = Coefficient of variation 

1996 

26 c2 

14 i 

18 h 

18 h 

21 fg 

21 ef 
- ----

2.08 
- .- . 

---- - -----
5.49 

1997 1996 

17 30 b 

8 15 i 

12 22 ef 

12 22 ef 

7 2J de 

6 25 c 
"-- ._-- - - -- -

1.66 2.08 
---

7.63 5.49 

180-140-200 

1997 1996 1997 

20 )5 a 2J 

II 19 gh 14 

17 21 efg 19 

16 25 cd 18 

8 27 c 11 

8 26 c 10 

166 2.08 166 

76) 5.49 7.63 

T SF stands for sunflower, SC stands for sugarcane and figures before SF and SC denotes the number of rows in the geometrical pattern. 
2Means sharing a letter in common do not differ significantly at p 5 0.05 . 
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4.2.7 Stripped calle height (m): 

SlriplJcd caliC heighl is all important yidti parameter, which is directly 

related 10 Ihe yield per unit area, The data on cane height were analyzed and the means 

were separated using LSD at 0,05 P Cfable 4,2.7, I). Analysis of variance is given in 

Appendix-2. 7, I. It is evident from the table that different NPK levels significantly 

affected the cane height in 1996 as weI! as in 1997 (Table 4,2.7, I), The longest canes 

were harvested at the highest NPK level of 180-140-200 kg ha'! in both years revealing 

a positive correlation of the fertilizer with the cane height. Similarly the lowest rate of 

NPK (140-100-100 kg ha'!) resulted in the shortest canes during both years, The results 

are in confoonity with those of Mali el al. (1982). who reported that an increase in the 

level of fertilizers caused an increase in height of sugarcane, 

Data on cane height as influenced by various intercropping geometries 

<Irc given ill Table -127.2 Cane h~ighl was signilk,lIllly diffcrent at various 

i!1lercropping geometries in hath years (Appendix-2,7,2). It was observed lhat an 

increast! in number at sunllowt!r plants per unit area reduced cant! height. The shortest 

canes (l.40 m in 1996 and 1.43 OJ in 1997) were harvested in the treatment of 3 rows 

of sugarcane +- 3 rows of sunt1ower, The longest canes were recorded in sole 

sugarcane in both years. Regarding inlercropping geometries. the longest cane (l.58 m 

in 1996) was harvested in thl! treatment ISC + lSF, By contrast, in 1997 the longest 

canes (1.68 m) were harvested in the treatment of 2SC + ISF. 

A signiticant interaction was found between the NPK levels & 

intercropping geometries with regard to stripped cane height in both years (Table 

4.2.7.3). In 1996. the longest stripped cane (2,19 m) was recorded in sale sugarcane at 

a fertilizer of 180-140-200 kg NPK ha" which was significantly taller than the plants 

produced in all the geometries at all NPK levels, 11 indicated that there is still a need for 

testing higher levels of NPK to find out an optimum dose with respect to optimum 

stripped cane h<:ighl. The minimum stripped cant: hdght was produced in the treatments 

of 2SC + ISF (1.15 m). 2SC + 2SF (J 19 m). 3SC + 2SF {1.21 m} and 3SC + 3SF 

(l.IS m) at the knilizer dose of 140-100-100 kg NPK ha" and there was not significant 
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variation among themselves (Table 4,2,7,3), Almost similar trend was observed in 

1997, 

The tindings revealed that the imercropping treatments, lSC + ISF and 

2SC + lSF are beneficial and may be recommended. Reduced cane heighl in the 

sugarcane-sunflower inlercropping system might be the result of faster sunflower 

growth, which over shaded the sugarcane crop and intensive competition between the 

component crops for food nutrients and space, 
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Table 4.2.7.1 Stripped cline heigh I (m) as affected by different NPK levels 
in l\ sugarcane-sunflower inlercropping system during spring 

N : P : K levels 1996 1997 Mean 

140-100-100 1 22 cJl lAO C 1.31 

160-120-150 1.48 b 1.68 b 1 58 

180-140-200 1.87 a 2.00 a 1.94 

Years mean I. 1.69 

CD"", O. J 5 0.08 

CV% 479 383 

CO = Critical di fJ'ercnce 
CV = Coemelenl of variall,)n 

Jl Mean~ sharing a leHer in common in the respective column do not differ 
significantly al al pc 0 O~ 
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Table 4.2.7.2 Stripped Clllle height (m) as affected by different 
intercroppillg geometries in a sugarcline-sunfiower 

Intercropping geometries 16 1995 1996 Mean 

Sole Sugarcane I 74 al7 2.37 a 206 

I SC + 1 SF l.58 b 1.60 c 159 

2 SC + I SF 1.50 c 1.68 b l.59 

2 SC +2 1.49 c 1.66 b 1.58 

3 SC + 2 SF 1.43 cd 143 d 1.43 

3 + 3 SF 1.40d 1.43 d 1.42 

Years mean I 52 1.70 

CD"os 0.68 0.06 

CVo/. 4.79 3.83 

CD = Critical difference 
CV = Coefficient of variation 

16 SF slands for Sunflower, SC slands for Sugarcane and figures before SF and SC 
denote the number of rows in the geometrical pattern. 

17 Means sharing a letter in common in the respective column do not differ 
significantly at p:': 0.05. 
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Table 4.2.7.3 Interactive effects of NPK levels and intercropping geometries on stripped cane height (m) in a sugarcane
sunflower intercropping system during spring planting. 

Intercropping geometries- t 

Sole SC 

I SC + I SF 

2 SC + I SF 

2 SC + 2 SF 

3 SC + 2 SF 

3 SC + 3 SF 

CDo.os 

CVO/O 

CD = Critical difference 
CV = Coefficient of variation 

. _ ---, 

NPK levels (kg ha· t
) 

.- - -- - --- --- - - -- ---_ . . - . ---. - '--- ' - _ . _ .-. 

140-100-100 160-120-150 180-140-200 
- ------ - --- .. 

1996 1997 1996 1997 1996 1997 
. . _ _ .- _ .. _. -~ -

1.37 fg2 L.92c 1.67 cd 237 b 2.19 a 2.81 a 

1.26 gh 128 fg 1.56 de 1.61 d 1.93 b 1.92 c 

US h 1.40 e 1.4 7 ef 1.64 d 1.89 b 1.99 c 

U9 h U8ef 1.41f 1.64 d ]89 b 1.96 c 

1.21 h 1.20 g U7fg 1.42 e 1.73 c 1.67 d 

1.15 h U9 g 1.42 f 1.42 e 1.65 cd 1.67 d 
-- - -- _ ... . - -- --- .. - . -. - - -_. _--

0.12 010 0.12 0.10 0.12 010 
- - -- - - - ----.- - - -.- - -- --

4.79 3.83 4.79 3.83 4.79 3.83 

lSF stands for sunflower, SC stands for sugarcane and figures before SF and SC denotes the number ofrows in the geometrical pattern. 
2Means sharing a letter in common do not differ significantly at p:S 0.05. 
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4.2.8 Cane slem girth (em): 

Stem girth is an important yield component. Data on cane girth were 

analyzed using Analysis of variance techniques and means were separated using LSD at 

0.05 P. The means of stem girth as affected by different NPK levels in the sugarcane

sunllower intercropping system are presented in Table 4,2.8,1, It is clear from the table 

that NPK levels were significantly different from one another in affecting the stem girth 

of sugarcane. The maximum stem girth of 2.26 and 2,28 em was recorded at the 

highest kvd of NrK ill 1996 and 1997, respectively. while lhe lowest NPK level 

turned up with lhe smallest cane girth (Table 4.2.8.1). The findings of Mali el al. 

(1982) are in line with these tindings. 

The intercropping geometries were signit1cantly different (Appendix-

2.8.2) in affecting the stem girth in both years (Table 4,2,8,2). The maximum girth was 

recorded in sole sugar cane (Table 4,2.8,2), Regarding intercropping geometries, !he 

maximum stem girth was recorded in the treatment, ISC + ISF in 1996 and in the 

treatment 2SC + 2SF in 1997. The treatment 3SC + 2SF in 1996 3SC + 3SF in 

1997 produced canes with the lowest stem girth, These results depict that increasing 

number of canes per unit area affected the stem girth inversely. 

The NPK levels and intercropping geometries significantly interacted in 

affecting the cane stem girth in both years, In 1996, the maximum stem girth (2,70 em) 

was recorded in the treatment of sole sugarcane at the NPK level of 180·140-200 kg ha' 

, (Table 4.2,8,3), Whereas the maximum cane stem girth was recorded in the 

treaunents, 2SC + ISF (159 em), 2SC + 2SF (1.58 em), + 2SF (1.54 em) and 

3SC + 3SF (1.59 em) al a fertilizer dose of 140-100-100 kg NPK ha·'. Generally all 

Ihe geometries turned up with smaller cane girth, The succeeding year studies gave 

almost similar results with very slight variations, In the light of !here results, it can be 

concluded that the intercropping treatments, ISC + ISF and 2SC + ISF affected 10 the 

best for harvesting thicker canes, The reduced cane girth of sugarcane in the 

intercropping geomt:tries as compared to the sole crop (Table 4.2.8,2) might be the 

result of increased competition for food nutriems. light and space due to interplantation 

of sunl10wer rows between the sugarcane rows, 
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The faster grolA1h of sunflower might have suppressed the growth of 

the main crop, which ultimately reduced the height and size of the canes. Moreover 

sunflower is an exhaustive crop, therefore, cane giJ1h was comparatively improved at 

higher fertilizer rates but at lower NPK rates sugarcane could not compete and 

remained suppressed. These findings are in contradiction to those of Hussain Itt al. 

(\ 991) who reported that an increase in fertilizer level failed to bring any significant 

change in the cane ginh of sugarcane However, Gill and Singh (1976) reported that 

an increase in fertilizer level caused a significant increase in cane stem girth. 
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Table 4.2.8.1 Cane stem girth (em) as affected by different NPK levels in 
a sugarcane-sunnower inlercropping system during spring 

NPK levels 1996 1991 Mean 

140-100-100 1.70 c1
& 1.79 c 1.75 

160-120-150 1.87 b 201 b 1.94 

180-140-200 2.26 a 2.28 a 2.27 

Years mean 1.94 203 

CDo05 006 0.07 

CV% 332 4.19 

CD = Critical difference 
CV = Coefficient of variation 

18 Means sharing a letter in common III the respective column do not differ 
significantly al p:s: 0.05. 
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Table 4.2.8.2 Calle stem girth (em) as Ilffected by different illtercroppillg 
geometries in 11 sugarcrme-sunOower illlercropping system 

Inlercropping geometries!? 1996 1997 Melin 

Sole SC 2.40 a,a 2.64 a 2.52 

I SC'" 1 1.93 b 1.95 b 1.94 

2 SC + I SF 1.91 b 1.97 b 1.94 

2 SC'" 2 SF 1.88 b 201 b 195 

3 SC + 2 SF 1.76 c 1.82 c 1.79 

3 SC +3 U8c 1.77 c 1.78 

Years mean 1.94 2.03 

CDoo$ 0.06 0.08 

CV% 3.32 4.19 

CD = Critical difference 
CV = Coefficient of variation 

19 SF stands for Sunllower. SC stands for Sugarcane and figures before SF and SC 
denote the number of rows in the geometrical pattern. 

20 Means sharing a leiter in common in the respective column do no! differ 
significantly at p :S 0.05. 
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Table 4.2.8.3 Interactive effects of NPK levels and intercropping geometries on cane stem girth (cm) in a sugarcane
sunnower intercropping system during spring planting. 

-------------------
NPK levels (kg hR'·) 

- - -, - - - - -_. -----.-. 
Intercropping geometries' · 140-100-100 160-120-150 

1996 1997 1996 ._-- _. . ._ - _ . ---- ---_.-- ---. __ . __ .. _ _ . -

Sole SC 2 .23 c1 2.32 c 2.28 bc 

I SC + I SF 1.69 g 1.67 gh 1.88 e 

2 SC + I SF 1.59 h I. 72 fgh 1.82 ef 

2 SC + 2 SF 1.58 h I. 77 efg 1.81 ef 

3 SC + 2 SF 1.54 h 1.61 h 1.72 fg 

3 SC + 3 SF 1.59 h 1.66 gh 1.73 fg ._----_. 
CDo.o~ 0. 11 0.13 0.11 

._--. 
CV% 3.32 4.19 3.32 

CD = Critical difference 
CV = Coefficient of variation 

1997 

2.67 b 

2.00 d 

1.89 de 

2.01 d 

1.85 ef 

1.64 gh 

0.13 

4.19 

----------_._- - . . 
180-140-200 

1996 1997 
...... - _. 

2.70 a 2.91 a 

2.21 c 2.20 c 

2.34 b 2.29 c 

2.25 bc 2.27c 

2.03 d 1.99 d 

2.03 d 2.01 d 

0.11 0.13 
--- -. -

3.32 4. 19 
._. -

• SF stands for sunflower. SC stands for sugarcane and figures before SF and SC denotes the number of rows in the geometrical pattern. 
2Means sharing a letter in common do not differ significantly at p .'O 0.05 . 
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4.2.9 Weight pcr millablc cane (kg): 

Th~ weight per can~ has a positive relation 10 the yield per unit area. 

The data on weight per cane given in Table 4.2.9.1 indicated lhat the different NPK 

levels affected the weight per cane signilicantly in both years. An increase in 

fertilizer rate caused a significant increase in weight per cane with the maximum al 

the higheSllevel of fertilizer in both years which was significantly different from the 

weight obtained at the lower NPK levels. These results are contrary to the findings 

of Hussain et al. (1991) who reponed no significant change in the weight per cane 

with a change in fertilizer combination. 

The intercropping geometries also differed significantly from one 

another in affecting the weight per cane in both years (Table 4.2.9.2). The heaviest 

canes were harvested by sole sugarcane in both years. Regarding intercropping 

geometries the heaviest cane was harvested in the treatment 2SC + lSF in both 

years which differed significantly from all other geometries except 2SC + 2SF. 

These results led to a conclusion that the most suitable intercropping geumelry 

appeared to be 2SC + ISF or + 2SF. However, contrary to these results, 

Nazir el al. (1981) reported that an increase in fertilizer level in different planting 

patterns had no signi ticant effect on the weight of individual cane. Which might be 

due to high fertility level of their experimental soils. 

The di fterem :-IPK levels and intercropping geometries failed to show 

any interaction in affecting weight per cane in both years (Table 4.2.9.3). 
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Table 4.2.9.1 Weighl per millable cane (kg) as affected by different NPK 
levels in a sugarcane-sunflower intercropping system during 

NPK levels 1996 1997 Mean 

140-100-100 0.73 eLl 0.61 c 0,67 

160-120-150 0.82 b 0.74 b 0.78 

180-140-200 0.93 a 0.97 a 0.95 

Ycar~ mean 0&1 077 

CDO.OI 0.065 0.041 

CV% 793 1101 

CD = Critical difference 
CV = Coefficicm of variation 

21 Means sharing a leiter in common in the respective column do not differ 
significamlyal p :; 0 05. 

164 



Table 4.2.9.2 Weight per millable cane (kg) as affected by differellt 
intercroppillg geometries ill a slIgarclille-sullnower 

Illtercropping geomelries21 1996 1997 Melin 

Sole SC 118 a23 U4a 1.16 

ISC+lSF 0.57 d 0.59 c 0.58 

2 SC + I SF 0.95 b 0.85 b 0.90 

2 SC + 2 SF 0.94 b 0.83 b 0.89 

3 SC + 2 SF 0.65 c 0.63 c 0.64 

J + J Sf' n 6:; c OYJ c 062 

Years mean 0.82 0.77 

COo.05 0.061 0.08 

CV% 7.93 I LOI 

CD; Critical difference 
CV = Coefficient of variation 

22 SF stands for Sunflower. SC stands for Sugarcane and figures before and SC 
denote the number of rows in the geometrical pattern 

13 Means sharing a letter in common in the respective column do not differ 
significantly al p:S 0.05. 

165 



Table 4.2.9.3 Interactive effects of NPK levels and intercropping geometries on weight per millable cane (kg) in sugarcane
sunflower intercropping system during spring planting. 

Intercropping geometries' I 

Sole SC 

I SC + I SF 

2 SC + I SF 

2 SC + 2 SF 

3 SC + 2 SF 

3 SC + 3 SF 

CDo.01 

CV% 

CD = Critical difference 
CV = Coefficient of variation 

NPK levels (kg ha· l
) 

140-100-100 160-120-150 180-140-200 - - - ---_._--.. __ . --_ .. - - ------- - ---"- - --_ .-- .-- .. - ------- --- _. 
1996 1997 1996 1997 1996 1997 

-------"-.. - -- . . -- .-- --- .. --. -_ .. -"- .. - ' ._-_ .- . 
107 0.99 1.19 1.15 1.28 129 

0.54 0.46 0.55 0.57 0.61 0.75 

0.80 0.67 0 97 0.81 107 107 

0.84 0.69 0.93 0.72 105 108 

0.55 0.43 0.64 0.59 0.76 087 

0.53 0.41 0.65 0.57 0.78 0.81 
. __ .. _ . 

0.11 0.14 0. 11 0.14 0. 11 0. 14 

7.93 1101 7.93 11.01 7.93 1101 

TSF stands for sunflower, SC stands for sugarcane and figures before SF and SC denotes the number of rows in the geometrical pattern. 
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4.2.10 Sugar cane Harvest Index: 

The data on harvest index (HI) of sugarcane are presented in Table 

4.2.10.1. and the Analysis of Variance is given in Appendix-2.l0.1. The highest level 

of NPK resulted in signi!icamly the maximum harvest index. which amounted 81 % in 

1996 and 73% in 1997 (Appendix-2.10.2). Similarly harvest index was significantly me 

minimum at the lowes! fenilizer rate with 72 % in 1996 and 64 % in 1997 (Table 

4.2.lO.l). However. these findings disagree with me results of Hussain el ai. (1991) 

who reported that combination of PK and NPK had a little effect on the trash yield. 

Intercropping geometries signil1cantly affected the harvest index in 

both years (Table 4.2.10.2). The maximum HI of 80% in 1996, was calculated for sole 

sugarcane against the minimum (71 %) in the geometry of 3-row strips sugarcane + 
3 rows of sunflower. Similarly in 1997. harvest index was the highest for sole 

sugarcane (74%), and decreased with an increase in sunflower population in different 

sugarcane-suntlower intercropping systems. 

Imeril(;!ion betwt::en NPK It::vels and intercropping geometries was 

significant in 1996 (Table 4.2.10.3) and non-signilicant in 1997. In 1996. the highest 

harvest index (84 %) was recorded in the sole crop of sugarcane at the fertilizer level of 

180-140-200 kg NPK ha 1. The lowest harvest indices were observed in me geometries 

of3SC + 2SF (66%) 3SC + 3SF (66%) under NPK levels of 140-100-100 kg ha"'. 

In general, the imercropping geometries produced lower harvesting indices as compared 

to the sole crop of sugarcane at all the NPK levels (Table 4.2.10.3). Significantly 

higher harvesting index in the sole crop of sugarcane than the imercropping might be 

due to competition for nutrients and light between the componem crops. The 

adverse effects of sunflower roo! exudates on me growth of sugarcane plants may have 

caused reduced in sugarcane yield in the different imercropping geometries. 
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Table 4.2.10.1 

NPK levels 

140- J 00-1 00 

160-120-150 

180-\40-200 

Years mean 

CDo ol 

CV% 

CD = Critical difference 
CV = Coefficient of variation 

Sugarcane Harvest Index as affected by different 
NPK levels in a sugarcane-sunnower inlercropping 

1996 1997 Mean 

72 c2J 64 c 68.00 

76 b 69 b 72.50 

81 a 73 a 77.00 

7633 68.67 

1.00 3.00 

LSI 6.70 

24 M h· . leans S 8flng a leHer III common in the respective column do not differ 
significantly at p :::: O.OS 
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Table 4.2.10.2 

Intercropping geomelries25 

SC 

I SC + 1 

2 + I SF 

2 +2SF 

3 + 2SF 

SC + 3 SF 

Years mean 

CDo.os 

CV% 

CD = Critical difference 
CV = Coefficient of variation 

Sugarcane Harvest Index liS affected by different 
inlercropping geometries in a sugarcane-sunflower 

1996 1997 Mean 

80 a2(, 74 a 77.00 

c 70 ab 7300 

79 b bc 7300 

78 b 68 bc 73.00 

71 d 65 c 68.00 

71 d 66 be 68.50 

75.83 68.33 

0.01 0.04 

1.15 6.70 

2S SF slands for Suntlower. SC siands for Sugarcane and tigures before SF and SC 
denote the number of rows in the geometrical pattern. 

26 Means sharing a letter in common in the respective column do not differ 
signillcalllly al p S OOS 
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Table 4.2.10.3 Interactive effects or l\PK levels and intercropping geometries on sugarcane harvest index in sugarcane
sunflower intercropping system during spring planting. 

NPK levels (kg ha- I
) 

- - - - -- -_.- -- - --- -
Intercropping geometries·' 140-\00-100 160-120-150 180-140-200 

1996 1997 1996 1997 1996 1997 
- - _ .. ---_._- -- -- -- .'._-- --- --- ---

Sole SC 077 ef 0.69 0.80 c 0.77 0.84 a 0.75 

I SC + I SF 0.72 h 0.68 077e 0.69 0.80 cd 0.73 

2 SC + I SF 075 fg 0.62 0.78 de 0.68 0.82 ab 0.70 

2 SC + 2 SF 0.75 g 0.63 0.77 e 0.69 0.81 ac 0.73 

3 SC + 2 SF 0.66 i 0.60 0.71 h 0.65 077 ef 0.71 

3 SC + 3 SF 066 i 0.60 0.71 h 0.65 0.77 ef 0.74 
- -.... _ .... .. - -----. --,---

CD005 0.20 0.74 0.20 0.74 0.20 0.74 
- '_._-- _ .'-- -- - .-

CV% 115 6.70 1.15 6.70 1.15 6.70 
----

CD = Critical difference 
CV = Coefficient of variation 

I SF stands for sunflower, SC stands for sugarcane and figures before SF and SC denotes the number of rows in the geometrical pattern. 
2Means sharing a letter in common do not differ significantly at p :5 0.05 . 
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4.2.11 Clille-Iop ratio (%); 

The development of sugarcane plants is affected differently by different 

growth factors. Poorly developed cane plant has more top percent ratio as compared to 

well-developed healthy one. Sugarcane Cane-lop ralio data were statistically analyzed 

using Analysis of Variance techniques (Appendix-2.II.I) and the means are given in 

Table 4.2.11.1 thai were separated using LSD. All the NPK levels significlIl1Ily 

differed from one another in affecting the cane-top ratio in both years. The lowest 

cane-top ratio was obtained at the highest NPK level in both years, which was 

significantly lower than the cane-top ratio obtained at the lower NPK levels. The 

highest cane-top ratio was obtained at the lowest level ofNPK. The results reported by 

Malik e/ al. (1993) arc in consonance with these findings. 

The intercropping geometries were significantly different (Appendix-

2.11.2) in affecting the cane-top ratio in both years (Table 4.2.11.2). The lowesl cane

top ratio (25%) was recorded in sole sugarcane, which was significantly less than all 

the illlercropping geometries in 1996 and with Ihe exception of ISC + ISF in 1997. 

Regarding intercropping geometries, the intercropping treatment, 2SC + 1 SF in 1996 

and I SC + I SF in 1997 gave the lowest cane-top ratio. 

The NPK levels and intercropping geometries interacted significantly 

in affecting the cane-top ratio in 1996 (Table 4.2.11.3) but failed to interact 

significantly in 1997. The lowest cane-top ratio (19 %) was recorded in sole sugarcane 

at the NI'K level of 180-140-200 kg ha-1 (Table 4.2.11.3). However, it was statistically 

at par with all the intcrcropping geometries except 3SC + 2SF (3 1%) at the 

aforementioned fertilizer level. It was also at par with all geometries except 3SC + 

2SF and 3SC + 3 at the NPK level of 160-120-\50 kg ha- I
. The highest cane-top 

ratio (52%) was recorded in the treatment 3SC + 2SF at NPK level of 140-100-100 kg 

ha". This cane-top ralio was statistically differed in all other treatments (Table 

4.2.11.3). It is indicated that cane-top rlltio lit higher fel1ilizer leve! is not IIffected by 

the geometries as compared to the sole crop. The higher cane-lop ratio in the 

inlercropping treatments might be due to exhaustive competition among the 

component crups for nutrients, space and light. The adverse effect of sunflower root 
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exudates on the grow1h of sugarcane plant might also have resulted in increasing the 

cane-top ratio in intercropping geometries. 
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Table 4.2.11.1 

!Ii PK levels 

140- 100-1 00 

160- 120· I 50 

180-140-200 

Years mean 

CD",,; 

CV% 

CD ~ Critical difference 

Sugarcane Clllie-IOp ralio (%) as affected by different 
NPK levels in Il sugarcane-sunnower intercropping system 

1996 1997 Melin 

a2i 58 a 48,50 

J2b 46 b 39,00 

c 38 c 31.50 

32,00 47.33 

3,00 7,00 

6,62 19,27 

CV = Coef11cienl of varia lion 

27 Means sharing a leller in common in the respective column do not differ 
significantly al p 'S 0,05, 



Table 4.2.11.2 SuglU'cane calle-top ratio (%) as affected by different 
intercroppillg geometries ill a sugarcane-sullflower 

Intercropping geomctries28 1996 1997 Mean 

Sole d29 37 C 31.00 

I SC-j I Sf 31 b 44 be 50 

2 + I 28 e 51 ab 39.50 

2 SC + 2 Sf 29 be 47 ab 38.00 

3 SC + 2 Sf 41 a 54 a 47.50 

3 SC + 3 SF 41 a ab 46.50 

mean 32.50 47.50 

CDuol 2.00 9.00 

CV% 6.62 19.27 

CD = Critical difference 
CV = Coefficient of variation 

28 SF stands for Sunflower. SC stands for Sugarcane and figures before SF and SC 
denote the number ofrows ill the geometrical pattern. 

29 Means sharing a letter in common in the respective column do not differ 
significantly at p :5 0.05. 
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Table 4.2.11.3 Interactive etTects of NPK levels and intercropping geometries on top-cane ratio (%) in sugarcane- sunflower 
intercropping system during spring planting. 

Intercropping geometries" 

Sale SC 

I SC + I SF 

2 SC + I SF 

2 SC + 2 SF 

3 SC + 2 SF 

3 SC + 3 SF 

CDo.o~ 

CV% 

CD = Critical difference 
CV = Coeffic ient of variation 

------ -- . --. . .. ----_._---_._- _._--- -- - "- - - ---

NPK levels (kg ha· l
) 

-- ---- --- ---- ------ - - --- -

14~IO~IOO 16~lm-l~ 180-140-200 

1996 1997 1996 1997 1996 1997 

30 efgh' 45 24 rohi 
'" 

29 19 i ~) 

38 ede 49 29 etghi 45 25 fghi ,6 

31 edefg 61 28 efghi 48 22 hi 42 

34 edef 60 30 cfghi 43 23 ghi ,8 

52 a 66 41 bed 54 31 defgh 41 

51 ab 66 41 be 55 30 efghi .,6 

LOO 15.11 100 15.11 LOO 15.1 I 
. . . --~ . ~ -~- ---- . -- -

6.62 19.27 6.62 19.27 6.62 19.27 

'sF stands for sunflower, SC stands for sugarcane and figures before SF and SC denotes the number of rows in the geometrical pattern. 
2Means sharing a letter in common do not differ significantly at p :5 0.05. 
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4.2.12 Sugar recovery (%): 

It is one or tlle important asp~cts ror milling purpose. The data on sugar 

recovery percerllage as af'i"el.:led by di rrerent h.:rtilizer levels were statistically analyzed 

and the means are given in 4.2. 12. 1. A perusal of the table indicated thai Ihe 

different NPK levels failed to cause significant in the % sugar recovery in 

1997. However. the lowest NPK level tended 10 increase the sugar recovery as 

compared to higher N PK levels. 

All The imen:ropping geometries differed signit1cantly in affecting the % 

sugar . The geometry treatments. + ISF and + gave 

significantly lower 'if. sligar recovery than the other treatmems except ISC + lSF but 

were at par with each other. The other treatments were at par with one another. 

['rom the results. il is evident Ihat 'Ji sugar recovery is probably purely a varietal 

character and is leasl affected hy nutrients or imercropping geometries. 

In:eIXIIOIl hel\wcll 1\ I'K and inlcraopping geometries was non-

significant (Table 4.2.12.3). However. sugar recovery on an average ranged from 7.39 

to 9.17 %. These are in with the I1ndings of Malik el al. (1993) 

Yin and Yang (1993). 



Table 4.2.12.1 

NPK levels 

140-100-100 

160-120-150 

180-140-200 

Year mean 

CDoG) 

CV% 

Sugar recovery ('Yo) as affected by different NPK 
levels in a sugllrcane-sunnower intercropping system 

1997 

8.31 

8.00 

8.13 

8.15 

0.92 

7.84 

CD = Critical difference 
CV = Coefficient of variation 
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Table 4.2.12.2 Sugar recovery (%) as affected by different 
illlercropping geometries in a sugarcane-sllnflower 

Intercroppillg geomelriesJl1 1997 

Sole 8.28 ab'l 

1 Sf + 1 SF R I R ahc 

2SC+ I SF 7.73bc 

2 +2 861 a 

3 f 2 851 a 

J SC+J 7.59 c 

mean 8.15 

CD005 061 

CV% 784 

CD = Critical di fference 
CV Coefficient of varia I ion 

.10 SF stands Sunflower. SC stands tor Sugarcane and figures before SF and SC 
denote the rows III geometrical pattern. 

31 Means a in common in the respective column do not differ 
significantly at p S 0.05. 
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Table 4.2.1 

I ' . ]' IItercroppmg geometries 

Sole SC 

+ 1 SF 

2 SC~ I 

2 SC ~ 2 SF 

3 SC + 2 SF 

3 SC + 3 

CD 0.05 

CVo/. 

CD = Critical ditTerence 
CV = Coefficient ofvarial10!1 

--- ---- .....•...•• ~ 

Intel'active effects of NPK levels and intercropping 
geometries on sugar recovery (%) in II. sugarcane-

NPK doses (kg ha'l) 

140-100-\00 160-120-\50 \80-140-200 

8.40 8.26 8.18 

865 7.89 8.00 

7 7.79 7.63 

R 29 8.36 9.17 

902 8.32 8.19 

7 7.39 7.62 

106 

7.84 

32 SF stands for Sunflower. SC stands lor Sugarcane and figures before and SC 
denote the number of rows in geometrical pattern 
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4.2.13 

Stripped cane yield is a function of the combined effect of different yield 

parameters, The data on cane yield per ha' are in Table 4,2,13,1 and the 

analysis of variance is given III Appendix-5,2, 13, 1, The data revealed that different 

NPK levels caused significant differences in the yield of sugarcane in both years, The 

highest cane yield of 66,15 and 67,13 t ha' was harvested in 1996 and 1997, 

respectively with the application of the highest l'\PK level of 180-140-200 kg NPK ha" 

against the lowest with a fertilizer of 1 100-100 kg l':PK ha'I 

The imercroppmg geometries also differed signiticantly affecting the 

cane yield (Tahle 42142) Th~ highesl cane yield or 71,09 and 72,61 t ha' was 

harvested in 1996 and 1997 respectively rrom snle sugarcane crop, which was 

signi tieantly different from the cane yield obtained from the intercropped treatments, 

As regards intercropping geometries the highest cane yield of and 60,32 t h:f' in 

1996 and 1997 respeetively was produced by the treatment + 2SF which was at 

par with 2SC + 1 SF but signiticantly higher than the other geometries in both years, 

Hence as for as cane yield IS concerned, the hest intcrcropping geometries appeared 10 

be + lSF and + 2SF 

The "PK levels and illtercropping patterns did not interact significantly 

in arfecting the cane yield ill 1996, however. they interacted significantly in 1997 

(Table 4,2,133). In 1997, Ihe highest cane yidd (89.13 t ha') was harvested from the 

treatment of sole sugarc;mc wilh a fertJ!izer appli<:ation of 180-140-200 kg NPK ha", 

Whereas the lowest tonnage (30,576 ha') was obtained from the intercropping 

treatment of 3SC 3SF wilh ",PK level of 140-100-100 kg ha", The next lowest yield 

of 32,30 twas obtaint'd III the intercropping treatment of 3SC + 2SF with NPK 

level of 140-100-100 kg ha', In general. intercropping treatments produced 

significantly Jess tonnage of sugarcane than the sole crop, 
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Considering Ille inlen:roppmg geometries, the highest cane yield 

of 59.0 t ha" and II t ha' was produced by the intercropping geometry of + 

2SF and and respet;tively. Kannappan e/ al. (l990a & b), e/ al. 

(1989). Bukhtiar 131 al. (1988a & b). Rathi el al. (1977) and (1975) reported 

similar results. In COlwast, Thompson and Dumit (1969) reported in cane 

yield with intercropping probably because of differem imercrops, which did not 

compete exhausllvely with 
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Table Stripped calle yield (t ha>l) as affected by different 
:"l'PK levels in a sugarcane-sunflower intercropping 

NPK levels 1996 1997 Mean 

140-100-100 42.93 c" 42.31 c 42.62 

160-120-150 47 b 57.24 b 

180-1 66.15 a 67.13 a 66.64 

Years mean q III ~6 

-~-~-. 

CDIJ.fJ~ 4.55 

CV% 6.12 8. 17 

CD= difference 
CV = Coefficient of varia! Ion 

J, M h' I . . I cans s armg a eHer Ir1 common in the reSI)ecltjve cplumn do not 
signillcantly at p ~ 0 05. 
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Table 4.2.13.2 Stripped cane yield (I hll'l) as affected by different 
in I I""!' rOPI)in~ 1-11'01111'1 ";('S ill II slIgllfclIlIl.'-slIlIflowcr 

Intercropping geometriesJ4 1996 1997 Mean 

Sale SC 72.61 a 71.85 

1 SC T 1 SF 48 c 54 c 51.12 

2 ... \ 56.SR b 59.64 b 58.11 

2 SC - 2 SF b b 59.02 

3 + 2 SF 4644 cd 44.98 d 45.71 

3 SC + 3 4431 d 42 d 43.42 

Years mean 

3.19 4.36 

6.12 8.17 

CD = Critical di fference 
CV = Coefficient of variation 

---------
14 stands for Sunflower, stands for Sugarcane figures before SF and 

denote the number ofrows in the geometrical pattern. 
3l Means sharing a leiter in common in the respective column 

significantly at p S 0.05. 
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Table 4.2.13.3 Interactive eITects of NPK levels and intercropping geometries on stripped cane yield (t ha·l
) in sugarcane

sunflower intercropping system during spring planting. 
----_. __ . --- -_ ... . _-_._---_ . __ .. _----- - - '--- - - --- ------

NPK levels (kg ha· l
) 

.. - - --" --_. --. - -_ . . - -- -- - -----
Intercropping geometries·l 140-100-100 160-120-150 180-140-200 

Sole SC 

1 SC + 1 SF 

2 SC + I SF 

2 SC + 2 SF 

3 SC + 2 SF 

3 SC + 3 SF 

CDo.os 

CV% 

CD = Critical difference 
CV = Coefficient of variation 

1996 

5760 

37.70 

46.17 

46.43 

35.90 

33.80 -_ .. -_ .. 
5.49 

6.21 

1997 

49.43 gh2 

41 17 i 

49.60 gh 

50 .77 gh 

32.30 j 

30.57 j 

7.56 

8. 17 
--------- - - . 

1996 

6970 

47.77 

5460 

583: 

466, 

43 .77 

1997 

79.27 b 

53 .77 fgh 

59.80 def 

62.27 cde 

46.53 hi 

41.83 i 

1996 

85.97 

61.43 

68 .97 

68.37 

56 .80 

55.37 

1997 

89.13 a 

64 .87 cd 

69.53 c 

67 .93 c 

56. 10 efg 

55 .20 efg 
--- -- ---~ . . _- _._ .. __ . 

5.49 7.56 5.49 7.56 

6.21 8. \7 6.21 8.17 

ISF stands for sunflower, SC stands for sugarcane and figures before SF and SC denotes the number of rows in the geometrical pattern. 
2Means sharing a letter in common do not differ significantly at p $ 0.05 . 
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4.2.14 Land equivalelll ratio (LER): 

The is defined as total land required by the to yield the 

same amount as the intercrop mixlUre, The was calculated to study the 

intercropping competition yield advantages in intercropping compared with sale 

cropping, The data 1$ presented in Table 4,2,14,1. The total LER (combined LER 

of sugarcane suntlower in a imercropping system) ranged between 1.09 to 1.50 

during spring 1996 and between 1, to 1,51 during spring I in different sugarcane

sunflower intercropping geometries respectively, It is clear from the that 9 to 50 

and 22 to 51 per~ent yield advantages were recorded from different sugarcane-

sunflower intercropping geometries in the respective In other words, intercrop 

hectare yields were equal to sole crop yields obtained from 1.09 to LSD hectares in 

1996 and L22 to LSI 1997, 

The total of intercrops compared to sole crops was higher in both 

years (Table 4,2,14,1) It revealed that the different sugarcane-sunflower intercropping 

geometries wt!re biologl<:ally more efficient as compared to sole crops. The highest 

LERs of I 50 and 1,5 [ were recorded for sugarcane-sunllower intt!rcropping geometry 

of T2 ([ + [ SF) during 1996 and [997 respectively, followed by sugarcane-

sunllower intercropping of (2 SC + 2 recording LER 1.27 and 

1.50 during 19% ;Hld I ()()7 , i\(:ly, II revealed thm to produce the <:ombined 

mixture yield by pure would require 9-50% more in case of T2 (I 

SC + 1 SF) and J % more land in case of T4 (2 SC + 2 SF), Similar results were 

reported by Sherma el ai, (1993). Sih.Marjayanti and Arsana (1993) and Ahmad (1990) 

ill case of wheat -'- lemil and wheat + gram intcrcropping. 
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Table 4.2.14.1 Land equivalent ralios as 
inlercropping geo mel rie, in 

Inlercropping geometries3
• 1996 

Sole 1.1)1) 

I SC + I LSO 

2 SC + I SF 115 

2 SC + 2 SF 1.27 

3 + 2 SF 1.16 

3 SC + 3 109 

affecled by differenl 
a sugarcane-sunflower 

1997 

1.00 

1.51 

1.29 

l.50 

128 

'6 SF stands for SunHower. SC siands for Sugarcane and figures before SF and 
denote the numbers of rOI"S in the geometrical pattern 
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4.2.15 Relative crowding co-efficient (RCC): 

The relative crowding co-efficient determines the competitiveness of 

component crop in an intercropping system, It indicates whether a species has 

produced more or less yield than the expected one as proposed De Wit (1960), It 

assumes that in intercrop treatments from a replacement series, each treatment has 

own co-efficient (K). which gives a measure of whether that species has produced 

more or less yield than the e,peeled olle. If a species has a co-efficient more than onc, 

then it is considered dominam m the inlercropping To determine if there is any yield 

advantage. the produci of the co-emc;ent is computed which is usually denoted as K. 

If K> I. a yield advalllagc. 11' K·I Ihere is no yield difference and if K < 1 there is yield 

disadvantage. The lesulis of ihe relative crowdi co-emdent (RCC) are presented in 

Table 4.2 15 1 These results indicated that the RCC of all the sugarcane-sunflower 

intercropping geometrics tested in the intercropping system produced yield 

advantages. The highest K value of 9.20 and 9.70 were recorded in intercropping 

geometry ofT2 (1 SC + I SF) in 1996 and 1997 respectively, followed by Ireatmenl 

T4 (2 SC + 2 SF) with RCC value of3.54 and 9,94 in 1996 and 1997 respectively. 
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Table 4.2.15.1 Relative crowding co-efficient (RCC) as affeded by different 
inlercropping geometries in II sugarcane-sunflower inlercropping 

Intercropping geometries>7 

Sole SC 

KSCI 

I SC + I SF KISC 

K 

KSCI 

2 SC + I SF KlSC 

K 

KSCI 

2 SC + 2 SF KISC 

K 

KSCI 

\ Sf'· 2 SF KISC 

K 
.. _-_._----

KSCI 

3 SC + 3 KISC 

K 

KSCI = RCC of sugarcane III intercrop 
KISC = RCC of intercrop 111 sugarcane 
K = Relative Crowding Co-efficient 

-------.. - --

1996 1997 

2.13 2.75 

4.32 3.53 

9.20 9.70 

3.69 4.59 

0.57 0.89 

2 10 4.08 

4.07 4.90 

0.87 2.03 

3.54 9.94 

1.82 1.62 

1.06 1.96 

3.17 

1.60 1.41 

0.89 1.68 

1.42 2.37 

.17 SF stands for Sunflower. SC stands for Sugarcane and figures before SF and 
denote the numbers of rows in the geometrical pattern. 
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4.2.16 COmlJlemCnllllion liS "OIllIJNilioll: 

When crops are intercropped, there is every likelihood of 

complementation or competition ft,r the resources available. The advantages of 

intercropping are attributed to complementation (greater utilization of resources in 

time and space). yet there are examples of multiple crop efficiency and failure, which 

results from greater utilization of resources available for plant grov.1h i.e., 

competition. Competitive ratio (CR) is also an important way to know the degree with 

which one crop competes with the other. 

In the present evaluation, the competitive ratios (Table 4.2.16. J) 

showed that sugarcane grown in association with sunflower under various 

intercropping geometries exhibited the highest competitive ratio of 2.16 and 1.74 in 

the treatment of T3 (2 SC 4' I SF) during 1996 and 1997 respectively. It was also 

observed that the lowest competitive ability of sugarcane with sunflower was recorded 

in the intercropping geometry T2 (! SC + 1 SF). In other words, it can be staled that in 

this treatment (T2) of sugarcane-sunflower intercropping system, there was the 

minimum competition between SC and SF for the common resources and that this is 

the best intercropping geometry tested in the sugarcane-sunflower intercropping 

system in both years. This also indicated that with an appropriate intercropping 

geometry. competition between crops could be avoided in multiple cropping and 

negative effect of competition could be reduced. 
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Table 4.2.16.1 competitive ratio (CR) as affected by different intercropping 
geometries in a sugarcane-sunflower intercropping system 
during spring planting. 

Intercropping geometriesJM 1996 

Sole SC 

CSCI 0.83 
ISC+ISF 

CISC 1.I9 

('SCI 2. 16 
2 SC + I SF 

CISC 0.46 

CSCI 1.73 
2 SC + 2 SF 

clse 057 

esCi 1.25 
3 SC + 2 SF 

elsc 0.79 

('SCI 1.29 
3 SC + 3 SF 

(,ISC 077 

CSCI = Competitive ratio ofSltgarcane in intercrop 
CISC = ('om pet itive ratio of intercrop in sugarcane 

1997 

0.94 

1.05 

1.74 

0.57 

1.23 

0.80 

0.92 

1.08 

0.93 

1.06 

.'R SF stands for Sunflower. SC stands for Sugarcane and figures before SF and SC 
denote the numbers ofrows in the geometrical pattern. 
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4.2.17 Yield advantage (,Y.): 

The values of the competition and yield advantages of different 

intercropping geometries in a sugarcane-sunflower intercropping system are given in 

Table 4.2.17.1. The actual yields of SC and SF were less than the expected yields in 

all the intercropping geometries evaluated. Therefore, yield disadvantages were 

observed in all the treatments compared to pure stands. However, the least 

disadvantage of20.55% was recorded in the sugarcane-sunflower intercropping 

geometry ofT4 (2SC T 2SF) The yield disadvantage might be a!!ributed to the 

competition of the componenl crops for the same resources and the allelopathic effect 

of sunflower root exudates on the yield of sugarcane. 

191 



Table 4.2.17.1 Expected yield (I ba l
) and yield advantage (%) ovef 

expected yield ofsugarcane and sunflower as affected by 
diffcrent intercropping geomelries in a sugareane-sunl1ower 
intercropping system during spring planting. 

Intercropping geometriesJ9 1996 1997 

Sole SC 

Sugarcane 72.01 72.97 

1 SC + I SF Sunflower 1.79 1.28 

Adval1lage over ·3149 -26.80 

Sugarcane 72.53 72.73 

2 + I SF Sunflower 0.82 0.58 

Advamage over 1.89 -17.76 

Sugarcane 72.15 72.76 

2 +2 SF Sunflower 1.65 us 

Ad vantage over ·20.55 -17.02 

Sugarcane 72.56 73.73 

3 SC + 2 SF Sunflower 0.99 0.69 

Advantage over ·35.48 -38.32 

72.63 

3 SC + 3 SF Sunflower 1.47 1.05 

Advantage over -38.96 -41.64 

39 SF stands for Sunflower. SC stands for Sugarcane and figures before SF and SC 
denote the numbers of rows m the geometrical pauern. 
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4.2.18 &:onomic analysis: 

Economic analysis made for various intercrop combinations for 1996 

1997 is presented in Table 4.2.18.1 and Table 4.2.18.2, respectively. Gross income 

obtained in 1996 was the maximum (Rs. 66714.00lha) in an inlercropping pattern of 1 

row of Sugarcane + 1 row of Sunflower. But cost of production of this combination 

was also the maximum Rs.41750.00/ha. However. the highest net income was 

obtained from sole sugarcane with the highesl BeR of I Land equivalent ralio 

(LER) was found 10 be the maximum for intercrop combination of I row of Sugarcane 

+ I row of Suntlower, which also gave the maximum, cane yield equivalent of 

6.24 t 

Similarly, net income obtained in 1997 was the highest in sole Sugarcane 

(Rs, 29284. OOlha) with the highest benetlt cost ratio of I. 86, LER was again higher 

(1.51) for the intercropping of planting ISC + ISF, Ahmad el ai, (1993) also 

reported that all the intercropping systems 

sole crop of Sugarcane. 
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Treatments yield Cane 
(Kg Ita-I) (lb. ha'l) Ita-I) equivalent 

(t 

34250 29284 1.86 LOO 

+\ 54.27 1083 41750 21106 ISl LSI 71 

2 +1 21 1.29 

2 + 2 SF 931 40500 1.50 

3 + 2 SF II 40500 1.31 128 

J +3 42.53 872 2 40500 9797 1.24 

1389 5 7500 

= Sunflower 

Prevalent rates March, 1999. 
Rs. 1'1 

15 
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4.3 Experiment·m 

Studies on autumn cu1tivated sugarcaue-sunflower illtereropping system at different 
NPK levels and intercropping ratios. 

4.3a Abstract 

Siudies onlile feasibility of sugarcane (SC)-sunflower (SF) ilUercroppillg 

syslem ill differelU ralios and NPK levels were conaucled al Ihe research fann of Coma/ 

University, Dem Ismail Khan (D.I.Khan) duril/g aulUlIlll 1995. 11le experimelUai desigll 

used was RCB with split pial arrangemelll. Main pial cOllsisted oftllreefenilizer levels viz., 

J4Q-lOO-lOO. J80-J4Q-J50 alld 220-180-200 kg NPK hal while Sub-plots cOlI/ained five 

different illlercropping ralios viz. sale sugafCIule (.'iC) (l00%), % + sunflower (SF) 

25%, SC 50% + SF 50% . .'iC 25% + SF 75';' nnd sale SF (100%). Data ol/lIl/lI/ber of 

plants , p/aJ!l lIeigilt. Stem girth. and mile yield 1m I were recorded. Dala regarding days 

10 50% heading, plant heiglll, disk diameler. seed yield lin i of sunflower were also 

recorded. Weed biomass 11/' in each Ireallllelll lias colier/ed alld then welgilted. 1111' main 

effects for tile femlizer levels were sigllijicalll for allille paramelers examined. The best 

peiformance for al/ Ille parameters lVas exhibited by the fenilizer application @ 220-180~ 

200 kg NPK ha'. TIle difJerem plOJuing ratios differed sigllijicwuly from olle OJwliler ill 

qifeCling tile yield parameters. The lIiglleslland eqllivalem rallO (LER) {J.27] was computed 

for T3 (SC 50% + SF 50%). Highest bel/efit COSI ratio IBCR) of2.54 and mm.imum net 

income of Rs.55975 ha" was recorded ill sole crop of sugarcane. 1111! next higher /leI 

illcomeojRs.53967ha l was obtailled ill 12 (SC 75% + SF 25%). While T3 (SC 50% + 
SF 50%) and T4 (SC 25% + SF 75%) gave lIet income of Rs.34J60 wu/ 15327 MI, 

respeclively. 
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4.3.1 Weed biomass (g m''): 

The analysis of variance for Ihe dala on weed hiomass showed that various 

ft:rlilizcr It:vds <mu Iheir illieraCliul1 witil illlcrcrup ratios uicl 1101 il1uieau: any signillcaili 

effect on weed biomass. but the imercrop combinatiolls of sugarcane and sunl10wer 

signiticantIy affected the weed biomass (Appendix-5.3.1) 

The weed density in temlS or fresh biomass was almost the same across all 

the fertilizer levels swdied (Table-4.3.1.1). However. highly signiticant differences in weed 

biomass existed among the intercrop combinations. Maximum weed biomass of 1382 g m" 

was recorded in sole sugarcane crop. while the minimum of 324 g m" was recorded in sole 

sunflower crop. 

The interaction between ferrili7.er levels and planting ratios showed no 

signitican! effect on weed biomass. However, sole sugarcane at the higher fertilizer doses 

tended to increase lhe weed biomass over inlercropping Ireatlllems with lower doses or 

fertilizer. 

The data further indicated that increase in sunl10wer population decreased 

the fresh weed weight, indicating thereby that suntlower had a suppressing effect on weeds 

germination, growth and total dry matter production. This decrease in weed biomass might 

be due to the rapid growth. aggressive canopy and allelopathic effect of sunflower root. 

Depressing effect of sunflower decomposed residue on seed germination and seedling 

growth of sorghum was also reported by Schon and Einhelling (1982), 
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Table 4.3.1.1 Weed biomass (g m') as affected by different NPK levels and 

Sugarcane-sulll1ower 
intercropping ratios' 

SoleSC(lOO%) 

SC 75% + SF 25% 

SC 50% + SF 50% 

SC 25% + SF 75% 

Sole (100%) 

Mean 

CD I>1l> 

CV% 

CD = Critical difference 
CV = Coefficient of variation 
NS = Non significant 

l\'PK levels (kg ha") 

140-10(HOO 180-140-150 220-180-200 Mean 

1353 1413 1380 1382 a' 

920 1020 ll20 1020 b 

687 617 660 654 c 

460 527 513 500d 

333 387 253 324 e 

751 793 785 

NS 

17.66 

, SF stands for Sunllower. SC stands lor Sugarcane and ligures before SF and SC 
denote the numbers of rows in the diHerent ratios. 

2 Means sharing a letter in common do not difler significantly at p sO.OS 
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4.3.2 Days to 50% beading of sunflower (no): 

Analysis of variance showed non-signilicant "fleets of different fenilizer 

doses, intercropping ratios and their interaction. However, number of days lakenlo 50% 

heading on an average varied from 99 to 103 days tor the various inten:ropping ratios and 

from 100 to 101 from different !el1ilil.er k:vels These results are contrary to the finding of 

Ogunremi (1984) who repol1ed an increase ill tile day, (0 50% heading with increasing 

nitrogen rates. 
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Table 4.3.2.1 Days to 50% heading of sunflower as affeeled by different 
NPK levels and sugarcane-sunflower inlercropping ratios 

Sugarcane-sunflower 
inlercropping ratios' 

SC 75% ., SF 25% 

50%+ SF 50% 

SC 25% + SF 75% 

Sole SF (100%) 

Mean 

CDool 

CY"/o 

CD~ Critical difference 
CV~ Coefficient of van at ion 
NS = Non significant 

140-100-100 

I () I 

104 

99 

97 

100 

NPK levels (kg ha") 

180-140-1 

I()~ 10~ 10.! 

'J7 97 <)9 

100 99 100 

102 97 99 

101 100 

NS 

3.60 

J SF stands for Sunflower, SC stands for Sugarcane and figures before SF and SC 
denote the numbers of rows in the different ratios. 

200 



4.3.3 Sunllower planl heigh I (em): 

Data regarding sunflower plant height showed significant effect of fertilizer 

levels and intercrop ratios, whereas the interaction offertilil.er with inlercrop ratios was 

non-significant statistically (Appendix-53J) The plant height data is given in Table 4.33. !. 

The effect of fertilizer levels on sunflower plan! height indicated that 

maximum mean height of 131 cm was recorded in the highest fertilizer dose. while 

minimum height of 119 em was observed in the lowest level of fertilizer applied i.e. 140-

100-100 N"PK kg ha" 

Intcrcrop ratios efleel on sunflower plant height showed that plants in sole 

sunflower plots gained maximum height of 1,4 em. while ,horlest plants were recorded in 

treatmen! having 25% population. As tile sllnll,,\\cr population increased in intercrop 

ratios, height also started to increase gradually Inlcraclic;n effect of fertilizer and intercrop 

ratios could not show any significant effect on suntlo,",er plant height 

Increase in sunflower plant heighl due to hIgher level of fertilizer may be 

due to sufficient supply of plant nutrients, which in turn increased the sunflower height The 

taller plants in higher sunflower densities may be attributed to the fact that closer sunflower 

plants tended to compete with each other for sunlight This competition for sunlight in 

higher densities, resulted to gel maximum height, while in lower densities the competition 

for sunlight was minimal, resulting in short stature sunflower plants. These results are in line 

with the findings of EI-Sayed et aI. (1984), who observed increase in plant height with 

increase in nitrogen and phosphorus application. 
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Table 4.3.3.1 Sunflower plant height (em) as affected by different NPK levels 
and sugarcane-sunflower iutercropping rnlios during autwnn 

Sugarcane-sunflowcr 
• •• 1 mtercroppmg rnlros 

140-100-100 180-140-150 220-180-200 Mean 

SC 75% + SF 25% 111 J 16 120 116 dJ 

SC 50% + SF 50% 116 123 132 124 c 

SC 25% + SF 75% 122 129 132 128 b 

Sole SF (100%) 126 133 142 124 a 

Mean 119b 126 ab 131 a 

CD O.OJ NS 

CV% 2.98 

CD = Critical difference 
CV = Coefficiem of variation 
NS '" Non significant 

I SF stands for Sunflower. SC stands for Sugarcane and ligures before SF and SC 
denote the numbers of rows in the different ratios. 

, Means sharing a letter in common do not differ signilicantly at p :sO,OS. 
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4.3.4 Sunflower disc diameter (em): 

Analysis of variance showed highly signiticam erfec! of fertilizer levels and 

imercrop ratios on the disc diameter of suntlower However. their interaction was non

signiticant (Appendix-5,3.4), The data on disc diameter are presented in Table 4,3.4.], 

II is evident from table that increase in fertilizer dose progressively 

increased the disc diameter. Maximum disc diameter of 3 L 90 em was observed at the 

highest dose of fertilizer 220-\80,200 kg NPK ha'. while the minimum diameter 

(22,75 em) was recorded in the lowest lertilizer dose i,e, \40-\Q(} 100 NPK kg ha', 

Regarding inlererop ratios. the maximum mean dise diameter of 29, 78 em 

was recorded al 25% SF popUlation. while tile minimum 01'24,22 em was observed in sole 

suntlower crop, Interactive effects of fenili7-er and interaop ratios did 1101 show allY 

signilicant effect on disc diameter 

The increase in disc diaml.!ICr by higher terlili?-er dose might be due to better 

and halanced supply of plant nutrients to 5unllower plants. Wllich resulted in healthy and 

taller plants with the maximum dis<; diameter 

At the lower sunt10wer dellsity (25%), the mor~ space, suftkiem sunlight 

and minimum imerplant competition might be the major factor in producing the bigger sized 

flowers, While, at higher sUIlt10wer plant populations, the competition among the plants lor 

space. light and plant nutrients was more pronounced whk'h produced plants with smaller 

disc diameters, These results are in accordance with those or Saleh el al (1984). Ogunremi 

(1984) and Balodl (1991), who reported increase in ;;unl1owJ;r dis<: diamcter with an 

increase in nitrogen fertilizer. 
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Table 4.3.4.1 Sunflower disc diameter (em) as affected by different NPK levels 
aud sugarcaue-sunflower intercropping ratios during alltumn 

Sugarcane-sunf!ower 
intercropping ratios' 

SC 75% + SF 25% 

SC 50% + SF 50% 

25% + SF75% 

Sole (100%) 

Mean 

CD G.'" 

CV% 

CD '" Critical diftereoce 
CV = Coeflicient of variation 
NS = Non signiticant 

l'<l'K levels (kg !la.') 

140-100-100 lSO-140-150 220-1SO-Zoo Mean 

2367 29.67 3600 29.78 a' 

24.00 29.67 33.33 29.00 ab 

2400 27.33 29.67 27.00 b 

19.33 24.67 2867 c 

22.75 c 2783 b 31.92 a 

NS 

805 

, SF stands for Sunt1ower, SC stands for Sugarcant: and ligures before SF and SC 
denote (he numbers of rows in the different ratios. 

2 Means sharing a leller in common do not differ signilicantly at p ~0.05. 
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4.3.5 Swillower lOOO-achene weight (g): 

The analysis of data pertaining to lOOO-achene weight as affected by 

different fertilizer doses and imercrop ratios as well as their interaction, showed significant 

effects (Appendix-5.3.5). The data on lOOO-achene weight are given in Table 4.3.5. L 

The effect of differem fertilizer levels on lOOO-achene weight was signit1cant 

with the maximum of73.(IO g at the highest fertilizer dose i.e. 180-200 kg NPK ha·'. 

while the minimum IOOO-achenc weight or 59.16 g was recorded in the lowest h:ve! of 140-

100-100 kg NPK ha'. 

The effect of various intercrop rruios on lOOO-achene weight was also 

significant with the maximum at 25% and 50% densities of suntlower. while 75% and 

100% (sole) suntlower densities showed the lower lOOO-achene weigh! interactive effects 

of fertilizer doses and intercrop ratios also showed signitkant effect on lOOO-achene weigh! 

The highest lOOO-achene weight was r~'Corded at the highest Ii:rtilizer dose (220-180-200 

NPK ha") and the intercrop ratio of 75% sugarcane + 25% slln!1ower, while the minimum 

lOOO-achene weight of 48.67 g was recorded in sole crop of sunt10wer at the lowest 

fertilizer dose (140-100-100 kg NPK ha'). 

Ii was observed that higher dose of terti iizcr. im:reased sunl10wer plant 

height. disc diameter and the lOOO-achene weight probably in..:rease of adequate supply of 

plant nutrients which enhanced photosymhetk- activilY of sunflower pl<UlIs. By contrast. at 

higher densities or SllIlllower. Ihe colllpe,ilioll fnr Ilulriems. lighl and space became st'vcre 

causing smaller dis<;s with smaller seeds. These results corroborate the lindings of EI-Sayed 

el at. (1984). 
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Table 4.3.5.1 Swlflower lOOO-achene "''eight (g) as affected by different NPK 
leveL~ and sngarcane-swlflowcr intercropping ratios dwiug 
autJWW 1995. 

S~~ower 
iutercropping ratios' 

SC 75% + SF 25% 

SC 50% + SF 50% 

SC 25% + SF 75% 

Sole SF (100%) 

Mean 

eDoUl 

ev% 

CD = Critical differen~e 
CY = Coefliciem of variation 
NS = Non significant 

NPK levels (kg ha"') 

140-1{1(}.100 180-140-150 220-180-200 Mean 

67.00 c 7Loob 79.33 a 72.4432 

63.00 de 7200b 78.33 a 71.11 a 

58.00 f 65 cd 68.67 be 64.00 b 

48.67 g 6133 65.67 cd 58.56 c 

5916 c 67.42 b 73.00 a 

362 

3.18 
.. ---~.~---.----------

, SF stands for Sun!1ower. SC stands for Sugarcane and ligures before SF and SC 
denote the numbers of rows ill Ihe diflcrcllI rallos. 

1 Means sharing a leller in common do not differ signitlcantly at pSO.05. 
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4.3.6 Sunflower seed yield (kg ha"'): 

The seed yield per hectare is a lunction of the integrated effect of the yield 

components which wen" inl1uenced differently by growing conditions and patterns of crop 

association" Analysis of variance showed a highly signilkant effect of tertilizers. inlercrop 

ratios and their interaction on seed yield of sunt10wer (Appendix-5.3.6). The yield data as 

affected by fertilizer doses and inlercrop ratio are depicted in Table 4.3.6.1. 

The highest seed yield of 1148 kg ha" was harvested with the fertilizer dose 

of 220-180-200 kg NPK ha"', while the minimum seed yield of 930 kg hal was recorded 

with the lowest fertilizer dose of 140-100-100 kg NPK ha· I 

The different sugarcane-suntlower intercrop ratios signilicantly affected the 

seed yield of sunflower. The maximum seed yield of 1495 kg hal was recorded in sole 

sunflower crop. A concurrent decline in the seed yield of sunl10wer was observed with the 

decrease in percent density of sunt1ower. which clearly indicated that sugarcane density was 

not decisive as these plants were quite young and did nO! inmet any competition effect on 

sunflower. Its own density determined the seed yield. At lower densities the population of 

sunflower did not reach the optimum lew!. which consequently resulted in lower yield. The 

interactive effects of furtilizers and intercrop ratios were also signit1cant. Maximum 

sun!1ower seed yield of 1622 kg hi' was obtained at the highest Ii:rtilizer dose of 220-180-

200 kg NPK ha· l in sole stln!lower. Poor yield of sunllower was obtained at all the lertilizer 

doses with a sunl10wer density of 25%. 

The high<:r fertilizer kvels signi!icamly improved all the parameters of 

sunflower, which in tum contributed to higher tinal grain yield ha'. It indicated that we 

have not reached a threshold lev'" tor application of ft:rtilizer to sugarcane-sunflower 

intercrops. Hence, still higher doses of fertilizer arc suggested to he tested in the future 

inlercrop studies. In case of intercrop ratios, a gradual Increased in sunl10wer population 

resulted in more number of plants per unit area. which in tum increased the yield. Similar 

results were reported by Baloch (1991), Malik el al. (1992) and Saleh el aL (1984). 
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Table 4.3.6.1 Sunflower seed yield (kg !Ja"') as affected by different NPK 
levels and sugarcane-smUlower intercropping ralios during 

Sug~e~mUlower 

lutercropping ratios' 

140-100-100 

SC 75% + SF 25% 

SC 50% + SF 50% 

SC25% + 75% 

Sole SF (100%) 

Mean 

CD 0.'" 

CV% 

CD '" Critical difference 
CV '" Coefficient of variation 
NS == Non significant 

425 h 

758 g 

1161 e 

1377 cd 

930c 

NPK levels (kg !Ja"l) 

180·140-150 220-180-200 Mean 

456 h 494 h 458 d' 

934 f 1072 e 922c 

1280 d 1404 be 1282 b 

1486 b 1622 a 1495 a 

lO39 b I J48 a 
----------------_. __ .. 

100 

5.64 

, SF stands for Sunilower. SC stand, for Sugarcane and figures betlJre SF afl{i 
SC denote the numbers 01 rows in til'" dltlcrCl1l railOS 

2 Me;:ms sharing a kucr in common do llO[ differ :;ignitkalllly at pSO.05. 
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4.3.7 MUlable canes m" row lenglh (no): 

The data on numbt:r of millable: canes m I row length was recorded just 

after the harvesting of the intercropped sunflower. The analysis of variance showed thaI 

fertilizer doses and thdr imeraclion with Ihe imercrop treatmems had no significant effect 

on numbt:r of millable canes m ' row length, while intercrop densities manifested 

signi!1cant response (Appendix·5. 17). 

Data presented in Table 4.3.7. I showed that the maximum numbt:r of 

millable canes m' row length (24) was recorded in sole crop of sugarcane, against the 

minimum (14) in the intercrop treaunent of SC 25% + SF 75%. The interaction of 

fenilizer doses and inlercrop ratios had non·signi!ican! dfect on number of mi II able 

canes m" row length. However, the number of millable canes per meter row length on 

average varied from 13 to 24. 

It was further observed that as the percent population of sunt10wer 

increased in intercropping, it adversely affected the sugarcane tillers m" row length. This 

reduction in sugarcane tillers m' row length might bt: due to the shading. allelopathic 

effect of sunflower root exudates and competitive effect of sun!1ower ror nutrients in 

early growth period. which affected sugarcane tillering severely. Schon and Einhelling 

(1982) have reponted such adverse effect of sunt10wer on weeds and other plants. 
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Table 4.3.7.1 Millable canes m"row length (110) as affected by different NPK 
levels and sugarcane-suuflower intercropping ratios during 

Sugarcane-sunflower 
intercropping ratios' 

Sole SC (lOO%) 

SC75% + 25% 

SC 50% + SF 50% 

SC25% + SF75% 

Mean 

CD lJ-tIl 

CV% 

CD = Critical difference 
CV = Coefficient of variation 
NS == Non significant 

i'.'PK levels (kg ha") 

140-100-100 lS0-140-150 220-180-200 Mean 

22 24 24 24 a' 

21 21 22 21 b 

18 18 18 18 c 

13 14 15 14 d 

19 19 20 

NS 

7.92 

, SF srands for Suntlower. SC stands for Sugan:ane and 1 igures before SF and SC 
denote the numbers of rows in the differenl ralios. 

'Means sharing a Jetter in common do not differ signifirantly at p!5:0.05. 
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4.3.8 Sugarcane plant beigbt-l (em): 

The data on sugarcane plant height were recorded just after harvesting of the 

intercropped sunflower. Stalistical analysis of the data on sugarcane plant height showed 

significant effect of intercrop ratios and their interaction with fertilizer doses. whereas the 

effect of fertilizer levels on plant height-I was non-significant (Appendix-5.3.8). 

The data presented in Table 4.3.8.1 revealed that fertilizer doses had no 

significant effect on sugarcane plant height. however. the plant heigh! on an average varied 

from 99 to 18 em under the different fertilizer levels tested in the experiment. 

The VariOIlS intercrop ratios had signilicant effect on sugarcane plant height. 

The maximwn plan! height of 113 em was recorded in sole crop of sugarcane, while all 

other intercrop combinations were statistically at par with one another. The interaction of 

fertilizer levels and intercrop ratios was also significant. Maximum height of 123 em was 

recorded in sole crop of sugarcane al the highest dose of fertilizer i.e. 220-180-200 kg NPK 

ha·'. while plant height of 93 and 'J7 em was recorded in the intercropping treatments of SC 

75% + SF 25% and SC 25% + SF 75%, respectively at the lowes! fertilizer level of 140-

100-100 kg NPK ha'. Generally across all the fertilizer levels. the higher ratios of 

sunt10wer reduced the plant heigh! of sugarcane. 

As the height of sugarcane was recorded juS! after the harvesting of the 

intercropped sunflower Le. in the month of December 1995, so it was badly affected by 

sunflower plant popUlation. The early rapid growth of sunflower covered the sugarcane 

crop under its canopy and minimized sunlight interception and consequently hampered 

photosynthetic activity of sugarcane in early growth period which might have resulted in 

smaller canes in intercropping trearments as compared to sole crop of sugarcane. Moreover, 

the allelopathic effect of sunflower on sugarcane also cannot be ruled out 
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Table 4.3.8.1 SlIga\'calle plant height-l (em) as affected by different NPK 
levels alld sugarcane-sllnflower intercropping ratios during 

intercl'oppiug ratios' 

140-100-100 180-140-150 220-180-200 Mean 

Sole SC (100%) 107 be JOSb 123 II 113 a' 

SC %+ % 93 d 110 b 1I0b 104 b 

SC 50% + SF 50% 100 bed 107 be 97 cd IOJ b 

SC 25% + SF 75% 97 cd 107 be 97 ed 100b 

Mean 99 108 107 

CD "'" 10 

CV% 5.75 

CD = Critical difference 
CV = Coefficient of variation 
NS = ·Non significant 

stands for Sunflower. stallds for Sugarcane and figures before SF and 
SC (leno!e (he numbers of rows in the different ratios. 

2 Means sharing a leuer ill common do not differ significantly by LSD lest at 5 % 
level of probability. 
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4.3.9 Stripped cane height (m): 

The stripped cane height was recorded at the time of harvesting of sugarcane 

crop when it was fully matured. The analysis of variance showed signi!1cant diflerences in 

stripped cane height for lenitizer and imererop densities and their imeraction (Appendix-

5.3.9). The maximum cane height of 2.68 m was recorded at the highest fertilizer dose of 

220-18()"200 kg NPK ha"', while the lowest cane heigh! 01'2.07 m was observed at the 

lowest fertilizer dose (14()"100-IOO kg NPK ha") 

Data regarding stripped cane height as aftected by imercrop ratios revealed 

that the maximum stripped cane height of 59 m was n;corded in sole crop of sugarcane, 

which was al par butlhe intercropping treatment of SC 75% + SF 25% producing cane 

height 01'2.54 m. The minimum stripped cane height of l.97 m was recorded in the 

intercropping trealment of SC 25% + 75%. 

Interactive efleets of timilizers and imererop ralios revealed that L'1e 

maximum stripped cane height of 2.95 m was recorded in sole sugarcane crop with the 

highest fertilizer dose (220-180-200 kg NPK ha'). The imercrop (realmems, 1'2 and T3 

with the highest fer1i1izer dose also produced canes of similar height as sole sugarcane. 

While the lowest stripped cane height of l.SI m was recorded in the trealment of SC 25% 

+ 75%, when fertilized @ of 14()"100-IOO kg NPK ha"'. The data further indicated that 

the Stripped cane height was more vulnerable to the interspecific competition than to the 

intraspecific competition of sugarcane. The density of sunflower was decisive in 

determining the plant heigh!. 

The reduction in stripped cane heigh! as a result of high densities of 

sunflower might be due to severe competition of sugarcane with sun!1ower crop for 

nutrients, space and sunlight because of the peculiar canopy structure of sunflower during 

the early growth period of sugarcane. The allelopathlc en~t of sunflower roOIS exudates 

may also be responsible tor reduction in stripped cane height at later stages under the higher 

sunflower densities. These results arc in conformity with those of Mali el at. (1982), who 

reponed significant increase in strip cane height with an increase in fenilizer dose. 
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Table 4.3.9.1 Stripped cane height (m) as affected by different NPK levels and 

Sugarcane-sunflower 
intercroppillg ratios' 

Sole SC (100%) 

SC 75% + SF 25% 

SC 50% + SF 50% 

SC25% + 75% 

Mean 

COo", 

CV% 

CD == Critical difference 
CV = Coeftident of variation 
NS '" Non signilicam 

NPK levels (kg ha") 

140·100-100 180-140-150 220-180-200 Meall 

2,24 d 2.61 b 2.95 a 2,59 a' 

2.18 de 2,61 b 2,85 a 54 a 

208 ef 2.44 c 2,80a 2.44 b 

L8lg 1.97 f 2,13 de L97c 

207c 240b 2,68 a 

0,15 

378 

I SF stands for Sunllower. SC stands for Sugarcane and ligures before SF and SC 
denote the numbers of rows in the different ratios 

2 Means sharing a letter in common do not diner signilicantly at p "';0,05, 

214 



4.3.10 Sugarcane stem diameter (em): 

The analysis of variance for the data 011 calle diameter showed significant 

effect of fcnilizer levels and inlercrop densities on sugarcane stem diameter whereas the 

interaction offertilizer levels and inlercrop densities was non-significant (Appendix-5 J.l 0). 

The data presented in Table 4 3. 10 I. revealed that the maximum stem 

diameter of2.82 em was recorded at the highest fenilizer level 220-180-200 NPK ha'J, 

against the minimum stem diameter of2.08 em at the lowest fertilizer dose of 140-100-100 

kg NPK lIa'" These I1ndings ;Ire in ngn:emclIl I"illl lilpsc oPl,,1ali ('/ ill. (1982). 

Data regarding the effect of different intercrop densities on sugarcane stem 

diameter depicted that the maximum stem diameter of 2. 64 em was recorded in sole crop of 

sugarcane, while the lowest (2<21 cm) stem diameter was found 10 the treatment having 

intercropping ratio of SC 25% .c SF 75%. 

The interaction between the main effect was, however, non-significant. 

The increase in stem diameter with higher level offenilizer might be due to 

adequate supply of major plant nutrients< Like other sugarcane parameters, higher sunflower 

densities also adversely affected stem diameter Which might be ailributed to severe 

competition of sunflower with sugarcane for plant nutrients, space and sunlight apan from 

the possible allelopathic effect. 
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Table 4.3.10.1 Sugarcane stem diameter (em) as affected by different NPK 
level~ and silgarcallc-sllllflnwcr illtcrcroppuig ratios dwing 
aUlI.lwn 1995. 

Sugarcane-sunflower 
inlercroppblg ratios' 

Sole SC (l 00%) 

SC 75% + SF 25% 

SC 50% + SF 50% 

SC 25% + SF 75% 

Mean 

CD Q.1l5 

CV% 

CD '" Critical difference 
CV = Coefticient of varialion 
NS = Non signiticant 

l\.'PK levels (kg !.Ia.I ) 

140-100-100 180-140-150 220-180-200 Mean 

2.22 2.68 3.03 2.64 a' 

2 !5 2.52 2.89 2.52 b 

2.12 2.54 2.84 250 b 

L85 225 252 2.21 c 

2.08 c 250 b 2.82 a 

NS 

320 

I SF stands for Sunflower. SC stands for Sugarcane and ligures before SF and SC 
denote the numbers of rows in the different ratios. 

2 Means sharing a letter in common do not differ signit1canlly at p SO.05. 
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4.3.11 Slripped calle yield (I ha'): 

The final cane yield is an integrated [imerion of a number of yield 

components, Analysis of variance showed significant ditlercnccs among the different 

fertilizer levels and intercropping treatments, The mreraction between the main efteCls was 

significant (Appendix.S ],11) 

Data penaining to the effect of icitrlizcr Ic\cls nn stripped cane yield 

presented in Table 4J, II I, exhibited that maximlllll cane yield 01'85 63 t ha" was recorded 

at the highest level of fertilizer (220·180.200 kg NPK ha") While, the lowest fertilizer dose 

(140·100.100 kg l'l'PK ha") gave the minimum stripped cane yield of60,95 t ha" A gradual 

increase in fertilizer level showed a linear increase in stripped cane yield, Bllkhtiar IJI aI, 

(I988a & b), Rathi el at. (1977) and Singh (1975) reponed similar results. 

The effect ofinlercrop ralios on slripped cane yield was also significant 

(Table 4.3,112) and the maximum stripped cane yield of 1 054 t ha" was obtained from 

sole crop of sugarcane, while the lowest yield of25 54 t ha" was recorded in the 

inlercropping treatment of SC 25% + SF 75%. As the sunflower density was increased. it 

adversely affected all the sugarcane parameters and eventually decreased the final stripped 

cane yield. The results are in quite agreement with those of Ahmad el (Ii (1991), who 

reported that sunflower ime/cropped with sugarcane reduced the cane yield from 119.453 

(sole sugarcane) to 77.33 t ha" (ime/croped cane yield) 

The interaction effects offertilizer levels and intercrop densities were also 

significant The highest stripped cane yield of 122,0 tho" was recorded in sole crop of 

sugarcane with the highest dose of fertilizer (220·180-200 kg I'-.1'K ha''l, while the 

minimum yield of 18,77 t ha" was obtained from the treatment ofSC 25% + SF 75% with 

the lowest dose of fertilizer (140-100-100 kg NPK ha") 

Higher doses of fertilizer improved all sugarcane parameters like number of 

plants per meter row length, cane height and stem thickness, whIch ultimately contributed to 

the final cane yield ha" 

On the other hand sunflower had an adverse effect on all the cane yield 

parameters of sugarcane and consequent Iv decreased the cmle yield ha" 
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It is reiterated that when suntlower population was increased, the cane 

growth and development was adversely alfecled bv shading of sunflower crop due to its 

aggressive nature and the canopy stillcture in the early growth period of sugarcane and at 

later stages by sunflower roOI exudates. The result, are collllnned by the findings of Kllmar 

and Sirivastaves (1994). who also rccordediO 7°" bs<;;r c,me yield when mtercropped with 

sunflower 
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Table 4.3.11.1 Stripped calle yield (Ilia·') as affecled by different l\'PK levels 
aud sugarclllle-swUlower intercroppiug ratios during IIUtUD1ll 

Sugarcaue-sunflower 
iutercroppiug ratios' 

"lPK levels (kg ha .,) 

140-100-100 180-140-150 226-180-200 Mean 

Sole SC (100%) 

SC 75% + SF 25% 

SC 50% + SF 50% 

SC 25% + SF 75% 

Mean 

CD 0", 

CV% 

CD == Critical difference 
CV = Coefficient of variation 
NS = Non signilicant 

9060 d 

78.57 e 

55.87 g 

18.77 1 

60.95 c 

1036 b 1220 a 105A a' 

96.67 c 108A b 94.54 b 

71.43 f 81 e 69.52 c 

nOOh 3087 h 25.54 d 

7468 b 85.63 a 

451 

, SF stands for Sunflower. SC srands for Sugarcane and figures before and SC 
denote the numbers of rows in the different rarios. 

'Means sharing a letter in common do not differ signilkandy al p::;;0.05. 
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Economic analysis: 

Data regarding the economics of various intercrop ratios in a sugarcane

sunflower intercropping system planted in autumn 1995, presented in Table 4,).12. J, 

revealed that there were pronounced difrerences among the various treatments in tenns of 

net income, benefit COS! ratio (BCR) and land equivalent ratio (LER) The highest net 

income ofRs.55957 per hectare was obtained from sole crop of sugarcane followed by 

intercrop treatment T2 (SC 15% + SF 25%), T3 (SC 50% + SF 50%), T4 (SC 25% + SF 

75%) and T5 (sole sunflower) which gave a net income ofRs53967, 34160, 15327 and 

14925 per hectare, respectively. 

As regards benefit cost ratio (BCR), the highest BCR of2.54 was recorded 

for sole sugarcane, which was followed by 2.51,2.44 and I for T2 (SC 75%" SF 25%), 

T3 (SC 50% + SF 50%) and T4 (SC 25% + SF 75%), respectively. 

Intercropping is a major fonn of multiple cropping where a wide variety of 

intercrop combinations exist and Land Equivalent Ratios (LER) of up to 2,00 have been 

reponed in several cases (Andrews and Kassam, 1975) It is e~ident from our studies that 

maximum LER of 1.27 was recorded in (SC :;0%" SF 50%), followed by 1,20 in T2 

(SC 75% + 25%) against the minimum of 109 in T4 (SC 25% + SF 75%). This 

indicated that there was 9 to 27 percent yield advantages for different sugarcane-sunflower 

intercropping ratios. Though sufficient yield advantages were obtained from intercrops yet 

the depressing efieet of sunflower 011 sugarcane reduced the overall income. These 

findings are in line with those (If Ahmad 1'1 III (1991). who "htained the maxinlllm nel 

return li'Om sugarcane alone as cOlllpmed to imel cropped u ealillCIilS The main cause 

reduction in net income in intercropping rrealmel1lS ",as the 1o", price of the imercrop 

220 



Treatments 

(100%) 

+ 

SC 4 

4 

SF( 

Cane yield 
(t ha"') 

lO5.4 

54 

---.- ------~ -~-------

-
SF Sunflower 

Prevalent m,jrk,el 

f' 
"' Sunflower R,. 15 kg 

income 

74660 

I 41577 

22425 

of prod
ucti,on (Rs. 

7500 

I 

Net income 
eRs. 

34160 

15327 

HCR LER yield 

(t ha"') 

2.54 1.00 

I I 
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SUMMARY 

The feasibility of intercropping sunflower in sugarcane for stabilizing 

farmers income over time was studied in three different sets of experiments conducted at the 

research area of Agricultural Research Institute, LKhan and Gomal University, OJ<Khan 

during 1995-97 The first experiment comprised three different fertilizer doses viz. 140-100-

100, 160-120-150, and 180-140-200 kg ~PK ha I as main plots and seven sugarcane (SC)-

sunflower (SF) intercropping geomell1es viz. I SC + I SF, + I SF, + 2SF, 3SC o. 

2SF and JSC ~ JSF rows including sole cu!!ure of both the component crops. The 

experiment was conducted during the autumn 1995 and repeated in 1996. The second 

experiment with aforementioned treatments was conducted during the springs of 1996 and 

1997< The third experiment consisted of three different fe!1tlizer levels viz. 140-100-100, 

180-140-150 and 220-180-200 NPK ha'l as main plots and inlercropping ratios of 

100"10· SFO"Io, SC75%- SF25%, SC50%- SF50%, SC25%- SF75% and SCO%- SF 

100"10 as subplots< A1llhe experiments were laid OUI in a R CB design with split plot 

arrangement with three replicates. The sub-plol for the firs! and second experiment was 

m X 4.5 m< White the sub-plol size for the third experiment was 7.2 m X 8 m< The 

sugarcane variety Co-I 148 and suntlower Hybrid Hysun-B were used as lest crops in all 

the trials. 

In the imcrcropping experiments sugarcane and suntlower were planted in 

the patterns of IT 1 row ofSC-SF wilh]O em space between the rows, 2-row strips ofSC 

90 em apart and 1 row of SF between the strips, 2-row strips of SC 90 em apart with 2 

rows of SF between the strips, I-rnwstrips ofSC 120 em apart with 2 rows of SF between 

the strip, 3-row strips ofSC 120 em apart with 3 rows of SF between the strip and sole SC 

& SF each in 60 em apart rows. The results for experiment are summarized as under 
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Experiment-I 

Different fertilizer levels had similar effect on weed biomass across the 

years. The imereropping geometries significantly reduced the weed biomass across the years 

as compared to sole crop of sugarcane. The maximum reduction of 340 g in the weed 

biomass was achieved in the intercropping geometry of lSC + ISF against 738 g in the 

sole crop of sugarcane. 

The diflerem fertilizer doses and the intercropping geometries did not 

significantly affect the sun!10wer growth parameters such as days to 50% heading and final 

plant height. By comrast the different lertilizer levels diftered significantly in aftecting disc 

diameter, looo-chene weight and seed yield ha I 

All SC-SF imercropping patterns did not afti.'Ct the suntlower plant height to 

significant leveL Whereas the suntlower disc diameter was signilicantly increased by all the 

SC-SF imercropping patterns except the pattern ISC + ISF in 1995 with the highest disc 

diameter of 20.43 em in the treatment of 2SC + ISF which gave the highest disc diameters 

in 1996 as well, but it was statistically a! par with sole crop. All the SC-SF imercropping 

geometries except the geometry of lSC + ISF had significant positive effect on 1000-

achene weigh in both years. The highest I()()()..achene weight of 57679 g was recorded in 

the imercropping treatment of ISC + 1St'. 

The different NPK kvels signilicantly in!1uenced the number of miilable 

canes per meter row length. The greatest number of mi liable canes per meter row length 

(25) was obtained at the fertilizer level of 180-140-200 kg NPK ha'. 

The difterem fertilizer doses showed significant variation affecting the 

plan! height of sugarcane in both years. The NPK level or 180-140-200 kg ha" produced the 

longest canes of 2.38 and 2.17 min 1996 and 97, respectively. The difli:!rem NPK levds 

had positive eflec! on yield parameters such as stripped cane heigh!, cane stem girth and 

the weight per millable cane The highest NPK level (180· 140-200 kg ha') when averaged 

across years produced the longest cane (2.43 m), the maximum stem diameter (2A5 em), 

the highest weight per cane( 1.42 kg) and the highest stripped cane yield of 10 Ll9 t ha·'. 



As regards intercropping geometries, there has a significant reduction in 

mill able canes per meter row length, plant height, stem diameter, weight per stripped cane 

and stripped cane yield in all the intercropping geometries as compared to monocullure of 

sugarcane. The most compatible intcrcroppir,g geometry for these traits was ISC -r I SF. 

Increase in l'.'PK levels caused a significant variation in top-cane ratio. The 

lowest top-cane ratio was observed at the highest l:\PK level (180-140-200 kg ha"') The 

best intercropping geometries were 2SC + I SF and 2SC + 2SF, which gave the next lowest 

top-cane ratio after the sole crop of sugarcane. 

The sugar recoveIY was statistically the same at different NPK levels and 

intercropping geometries. 

The highest net return ofRs. 56072/- per hectare in 1995 was obtained 

from sole sugarcane followed by the intercropping geometry I SC -+- I SF with a net income 

ofRs.51307/-, In 1996. the highest net income ofRs.SI084/- was recovered from 

intercropping geometry of I SC '1" 1 SF followed by the sole crop of sugarcane with a net 

income ofRs.50296/- ha'I 

The LER was more than one in aU the intercropping geometries indicating 

yield advantages over the componem sole cmps. The ;ntcrcroPP;l1g paltem of I SC + 1 SF 

gave the highest LER of 1.59 and 1.62 in autumn 1995 and 1996, respectively. This 

revealed that one-hectare yield in this geometry was equal to the yield obtained from 1.59 

and 1.62 hectares in sole crops during 1995 and 1996, respectively. depicting 59 and 62% 

yield advantages, 



Eli.perimenl-D 

Feasibility ofinlercropping sunflower in spring planted sugarcane was 

studied in 1996 and 1997. Different fertilizer levels showed a pronounced effect on weed 

biomass. The highest NPK level gave the maximum weed biomass. The intercropping 

sunflower in sugarcane caused a significant reduction in the weed biomass compared to sole 

crop. The minimum weed biomass (235 glm2
) was recorded in the imercropping geometry 

of ISC + I SF. 

The growth parameters of SF like plam height and days to 50% heading 

were not affected by different fertilizer levels and intercropping geometries to a significant 

level in both years. 

The sunflower disc diameter was significantly increased with an increase in 

:r-.'PK leveL By contrast, the intercropping geometries caused a significant increase in the 

disc diameter as compared 10 sole crop. The largest disc diameter was recorded in the 

inlercropping treatment of I SC + I SF followed by 2SC + I SF. 

The sunflower seed yield was considerably increased with an increase in 

NPK level and the highest seed yield of 1343 kg ha·
1 was realized with the NPK level of 

180-140-200 kg ha"1 Among the geometries the higheft seed yield (1674 kg) was obtained 

Ii·um suit.: "rup lolluwed by Ihe lntclcmppillg gcoll1clry of 1St' 1 lSI' with 1337 kg ha·' 

The increase in NPK level caused a significant increase in the number of 

millable canes per meter. The greatest number of millable canes in one-meter row length 

was reoorded in the sole crop. Among the inlercropping geometries, the greatest number 

millable canes per meter row length were recorded in 2SC + ! SF and 2SC + 2SF 

intercropping pattern. 

The different NPK levels caused a significant change in stripped cane height 

\1Iith the maximum of 1.94 m at the NPK level of 180 140200 kg ha"'. The stripped cane 

height was considerably reduced by all the intercropping geometries as compared to sole 

crop. The minimum reduction in stripped cane height was noted in the imercropping 

geometry of I SC + 1 SF, which was at par with 2SC ., I SF. 



As regards cane stem ginh, significantly thicker canes were harvested in the 

fenilizer treatment of 180-140-200 kg NPK ha" The cane stem ginh was signiiicantly 

reduced by all the intercropping geometries compared to sole crop in both years The best 

geometry with respect to cane stem ginh appeared to be - 1 Sf + I SF in both years 

The increase in NPK level had a signiticant bearing on weight per stripped 

cane The highest l';'PK level (180-140-200 kg ha") produced the heaviest canes As regards 

geometries, all the intercropping geometries significantly reduced the weigh! per cane as 

compared to sole crop. The sole crop produced the heaviest canes followed by their 

intercropping geometries of2SC + I SF and 2SC + 2SF, 

The harvest index was significantly improved with increasing in fertilizer 

level. The maximum harvest index was recorded for the highest fertilizer level. There was a 

significant variation in harvest index among the intercropping patterns. The maximum 

harvest index was depicted in the sole crop. The intercropping geometry of 1 SC + I SF gave 

harvest index of 70% in 1997, which was at par with sole crop It also produced the second 

highest harvest index after sole crop m 1996 

With regards to top-cane ratiO, the NPK level ofl80-!40-200 kg ha" gave 

the lowest top-cane ratio in both years. The sole crop showed the lowest top-cane ratio 

compared to intercropping treatments The best imercropping geometry in this respect 

appeared to be 2SC + I SF in 1996 and I SC + I SF in 1997. However, the intercropping 

geometry of 1 SC T I SF was at par with the sole crop in 1997. 

The different NPK levels significantly affected the cane yield ha". The 

highest yield (66.64 t ha") was harvested at the NPK level of 180-140-200 kg ha· ' Among 

the geometries sole sugarcane produced the highest cane yield followed by the 

intercropping geomerries of2SC + 2SF and 2SC + ISF. 

Economic analysis rendered for various intercrop combinations during 

spIing 1996 and 1997 showed that gross income obtained in 1996 was the maximum (Rs 

66714,001ha) for the intercropping geometry one row of sugarcane + one row ofsullllower 

But cost of prod ucti 011 in this combination was also the maximum RsA17S0.00 ha''-

However, the maximum net illcome was obtained by sole sugarcane giving the highest BCR 
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ofL82. 

Land equivalent ratio (LER) was the maximum tor intercrop combination of 

I row sugarcane + I row sunil ower. which also the maximum cane yield equivale!JI 

76.24 t ha-
1
. Similarly. the highest net income in ! 997 was obtained from sole Sugarcane 

(Rs_29284.00 ha'!) with highest benefit COS! ratio (BeR) of ! .86. LER was also the highest 

(1.51) for intercropping pattern of one row of sugarcane + one row of sunflower. 
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E!tperimclI!-1II 

Different fertilizer levels had no significant efleet on weed biomass m" The 

sunflower significantly reduced weed biomass The maximum decrease in weed biomass 

was recorded in the sale crop, foHowed by imercropping treatment of25% SC + 75% 

Regarding days to 50% flowering, the ;-.JPK levels and inlercrop ratios had 

no significant effects. The sunflower plant height was significantly increased by the N'PK 

level of220-180-200 kg ha" The intercrop combination series caused a significant 

reduction in plant height c.ompared to sole crop. The maximum reduction was observed for 

the inlercrop combination ofSC 75% 1- SF 25%, 

The sunflower disc diameter was significlllltiy increased with increasing 

NPK levels, The intercrop pattern caused a considerable increase in sunflower disc diameter 

with the highest in the treatmellt ofSC 75% 1- SF 

The increase in \lPK level caused a signiHcalll increase in 1000·achene 

WClQn,L The different intercrop combination of Sf 75%1 SF 25% gave the highest 1000-

achene weight as compared to the crop 

The highest seed yield of 1148 kg ha') was produced by the highest NPK 

level. The sunflower seed yield was significantly reduced with the decrease in the planting 

ratios of sunflower. 

The number of canes per meter row length remained statistically unchanged 

at different NPK levels. Whereas the decrease in the intercrop planting ratios caused a 

significant reduction in canes per meter row length, 

Stripped cane height was progressively increased with an increase in NPK 

leveL Whereas significant reduction in cane height was brought about by decreasing 

sugarcane ratio in a sugarcane-sunflower intercropping system. 

The maximum cane stem diameter was recorded at the highest fertilizer 

level. A general reduction in SC plallling ratios caused a significant decrease in stem 

diameter as c.ompared to sole crop, 
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With regards to snipped cane vield. the highest yield was produced by the 

highest level ofNPK The sole crop produced significantly the cane highest yield while [he 

lowest stripped Callt yield was recorded at the loweSI ratio of sugarcane m the lntercropping 

system, 

tar as economic benefits arc concerned, the highest net income of 

RS.55957 per hectare was obtained from sole crop of sugarcane followed by T2 (SC 75% 4 

SF 25%), T3 (SC 50% 1- 50%), T4 (SC 25%.; SF 75%) against the lowest in T5 (sale 

sunflower) giving a nel income ofRs 539671., RS 34160i·, Rs I 5327i- and Rs l4925i· per 

hectare, respectively, A declining trend in l1et income was observed with decrease in 

sugarcane the planting ratio, 

The highest BCR of 2, 54 was obtained in the sole sugarcane followed by 

2,5 1,2.44 and I 58 BCR for T2 (SC 75% 1- SF 25%), T3 (SC 50%.; SF 50"10) and T4 (SC 

25% 1- 75%), respectively, 

The maximum LER of I was recorded in T3 (SC 50% "- SF 50%), 

followed by LER 120 in T2 (SC 75% 1- SF 25%). The resulls led to a conclusion that there 

was 20 to percent yield advantage of different sugarcane- sunflower intercropping ratios 

over sole cropping of the component crops. 

229 



CO:-;CLlSIO'S 

An increase in l"PK level caused a progressive increase in the yield of 

sugarcane and sunflower while the maximum weed biomass was recorded at the highest 

l"PK levels. 

All the intercropping geometries caused a significant reduction in the weed 

biomass with the maximum reduction in the imercropping treatment of I SC + 1 Among 

the intercropping treatments, I SC 'j. I SF produced the highest yield and harvest index. 

Among the intercropping ratios, the treatment SC 75% + SF 25% caused 

maximum reduction in weed biomass. An increase m suntlower density adversely affected 

the sugarcane yield parameters. The highest LER of I was observed in the treatment SC 

50% + SF 50% depicting 27% yield advantage over the respective sole crops. 

The intercropping geometry of I SC + 1 SF gave the highest net income of 

Rs.51034/- l1a·1 in autU!11!1 1996 as compared to Rs.50296/- ha· 1 in sole crop of sugarcane 

Similarly in 1995 it gave a net income ofRs.5l307/- as compared to Rs.569721- in sole crop 

of sugarcane, By contrast, in spring 1996 and 1997 the nel income was very low in the 

respective treatments due to low yield of sugarcane. Therefore, intercropping of sunflower 

in spring sugarcane is not recommended. 

Future research needs: 

There is funher need for exploiting all the possible intercropping patterns al 

higher fcnilizer levels where sugarcane and sunflower can exhibit their economic yield 

potential. Such a situation will occur in intercropping patterns where there is minimum 

competition for nutrients, spacej and light between sugarcane and sunllowcr plants. Another 

suggestion for nlture research work is that cost or weed control may be added into the 

economic benefit of intcrcropping In addition to this, another profitable validity of 

intercropping sunflower in sugarcane is that, our country is spending a huge amount of 

foreign exchange on the imporl of edible oils every year. To reduce our import bill, there is 

a need for stabilizing and increasing the prices of sunflower and development of high 

yielding hybrids, which perfonn well in intercropping with minimum competition. 
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ANALY 
K 

Value Source 

Weed bioma.. (9 m") as affected by different Nl?K level. in 
a sugarcane-sunflower inoorcropping system during a.utumn 
planting 1995. 

S I S OF VAl'. I AN C E TABLE 
of Sum of Mean F 

Squares Square Value Prab 
------------------------------------------------------------------~----------

1 ~lication 
2 :iactor A 

-3 Error 
4 Factor D 
6 All 

-7 Error 

Appendix-5,1,1.2 

ANA L Y 
K 

Vuue Source 

2 26028.222 13014.111 1.1219 0.4104 
2 32B6.317 1643.159 0.1417 
4 46400.254 11600,063 
6 514080,381 85680.063 16.9213 0.0000 

12 32514.571 2109.548 0.5351 
36 182284.190 5063,450 

62 804593,937 

Weed biom.ass (9 m-2) as affected. by different NPK levels in 
a sugarcane-sunflower intercropping sya: tan durinq aut'tmm 
planting 1996, 

S I S OF VA1\ I AN C; E TABLE 
Degrees of S\llIi of Mean F 

Freedom. Squares Square Value Frob 
-----------------------------------------------------------------------------

1 RElp11c"Uon 
2 Fa.ctor A 

-3 Error 
4 Factor B 
6 AB 

-1 Error 

Total 

Appendix-S.l.2,1 

2 162118,889 11144.444 0,1841 
2 706BI!. 889 35344.444 0,8013 
4 116425.391 44106.349 
6 1105253,968 284208.995 14 .1355 I).OOilO 

12 309755.556 25812.963 1,2838 0,2698 
36 723819.048 20106.0SS 

62 3002231,746 

Sunflower to 50. heading a. affected by different NPK 
levels in a sugarcane-sunflower intercrapping eystem 
during autumn planting 1995, 

ANA L Y S I S OF VAR I ANCE TABLE 

K Degr"'" of Sum of Me .. n F 
Value Source Freedom Square. Square Value Frob 
----------~-~~---------------~--------------~------------------~-------------

1 RElpH"" tion 2 130,704 65.352 0.3269 
2 Factor A 2 306,104 153,352 0,7670 

-3 Error 4 799,741 199.935 
4 Factor B 5 188,093 37,619 0,5871 
6 All 10 1073,519 107,352 1. 6754 0,1332 

-7 Error 30 1922,222 64.014 
------------------~~----------------------------------------~----------------

Total 53 4420.981 
-----------------------------------------------------------------------------
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ANAL\, 

K 
Value Source 

Su.n£l."",er days to 50% heading a. affected by different IIPK 
l~s in a suquca.n.e-sunflo'h1er intercroppil\9' syate1» 
during autumn planting 1996. 

S I S o F VAl'. I AliCE TABLE 

Degrees of Sum. of Mean F 
Freedom. Squares Square Value Prob 

-----------------------------------------------------------------------------
1 2 120,333 60.161 2.7481 0.1114 
2 A 2 165.444 82.722 3,1792 0.1198 

-3 Error 4 87.556 21.889 
4 Factor B 5 48.S33 9.161 L 1639 0.150 
6 All 10 60.556 6.056 1.0936 0.3918 

-7 Error 30 166.111 5.357 

Total 53 648.833 

Su.n£lower height (Ill) as affected different IIPK 
level. in " inltex'c:r"Pl>incg "Ysta> 
aw'~ncg autumn p.canung 1995. 

ANAL \' S I S OF VAll! AliCE TAB L E 

K of StllU of Mean F 
Value Source Squares Square Va.lue Prob 
--------------------------------~--------------------------------------------

1 Replication 
2 Factor A 

-3 Error 
4 Fa.ctor B 
6 All 

-7 Error 

Total 

ANA L Y 
I( 

Value Source 

2 1362.037 681.019 4.0748 0.1084 
2 4239.815 2119.907 12.6842 0.0166 
4 668.519 167.130 
5 3813.426 762.685 6.2072 0.0005 

10 487.963 48.196 0.3971 
30 3686.111 122,870 

53 14257.870 

Sunflower height (Ill) as affected by different NPK 
levels in a sugarcane-sunflower intercroppinq .syst«n. 
during au tumn planting 1996. 

S I S OF V A R I AN C E TABLE 
Degrees of sum of Kean F 

Freedom Squares Squa;re Value Prob 
--------------------~~----------~-~-~----------------------------------------

1 Replication 2 45.370 22.685 0.2730 
2 Factor A 2 2200.926 1100.463 13.2423 0.0112 

-3 Error 4 332.407 83.102 
4 Factor B 5 937.037 167.407 2.2944 0.0703 
6 AB 10 815.741 81.574 1.1180 0.3814 

-7 Error 30 2188.889 72.963 

Total 53 6420.370 
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A II A L Y 

K 
Value Source 

Sunflower elise diameter (cmJ as affected by different NPK 
levels .\.n a. sU9a.rcane-sunf~ower .1.:ntercropping system 
during autumn planting 1995. 

S I S OF VARI A II C E TABLE 

De<p:<>e. of Su:m of MiIltan F 
Freedom Squares Square Value Frob 

--------------------------~--------------------------------------------------
1 Replication 
2 Factor A 

-3 Errol" 
4 Factor B 
6 AB 

-7 Error 

Total 

2 30.364 15,182 7.6764 0.0427 
2 153.414 76.107 38,1846 0.0024 
4 7.911 1,918 
5 209,533 41. 907 13.4444 0.0000 

10 52.999 5.300 1. 7003 0.1268 
30 93,511 ),111 

53 541,7)) 

Sunflower disc diameter (em) iU affected by different NPK 
levels l.n a. sugarcane-sunflower intercropping system 
during autumn planUnq 1996. 

AIIALYS I S o If VARI l\ II C Ii: TAB L E 
K o.x;p:ee. of Smn of Hean F 

Value SoW":CG Freedom Square. Square Value Pro!:> 
-----------------------------------------------------------------------------

1 
2 A 

-3 Error 
4 Factor :s 
6 lUI 

-7 Error 

Total 

2 11.148 5.514 5,0588 0.0803 
2 486.259 243,130 220.6555 0,0001 
4 4,407 1,102 
5 47,648 9.530 H,5421 0.0000 

10 19.741 1.974 2,8053 0.0140 
)0 21, III 0,704 

53 590.315 

Sunflower 1000 achene weight {g) as affected by different 
Nl?K levels in .a. sug.a.rcane-sunfl.ower intercropping systesn 
dUr.llMJ iluLultUl plantl.l1q 1995. 

ANALYSIS OF VARIANCE TABLE 

l( 

Value Source 

1 Rep1~cation 
2 FactOr A 

-3 Error 
4, Factor B 
6 AB 

-'1 Error 

Total 

Degrees of 
Freedom 

2 
2 
4 
5 

10 
30 

53 

63.259 
691,815 
12.963 

1651. 426 
25,296 

205,178 

2650,537 

241 

31.630 
345,907 

3.241 
330.285 

2.530 
6,859 

Ii' 
Value 

9.7600 
106.1371 

48,1517 
0.3688 

Prob 

0.0289 
0,000) 

0,0000 



Appendix-S.l.5.2 Sunflower 1000 ache"e we.ight (g) a. affected by different 
NPK levels in a, sugarcane-sunflower intercropping system 
during autumn planting 1996. 

ANALYS r S o If VARI AN C E TAB L E 
K Degree. of Sum. of Mean If 

Value Source Freedom Squares Square VlI.lue Prob 
-----~-----------------------------------------------------------------------

1 
2 A 

-3 ErrOl:: 
4 Factor B 
6 J\B 

-7 Error 

Total 

Appe~x-5.1.6.1 

ANALY 

K 
Value Source 

2 56.779 29.399 16.4939 0.0111 
2 434.333 217.161 126.0969 0.0002 
4 6.e99 1, 722 
5 1256.444 251. 299 43.0791 0.0000 

10 26.556 2.656 0.4552 
30 175.000 5.933 

53 1956.000 

Sunflower seed yield (kg as affected :by dl.fferent NPK 
levels in a 'U!1a:,,:<,n"-"W1.tlower intercroppinq system 
during autumn 1995. 

S I S OF V A R I AN C E TAB L E 

Degr.ees of Sum of Mean F 
Freedom Squaxe5 Square Value Prch 

-----------------------------------------------------------------------------
1 
2 A 

-3 Error 
4 Factor B 
6 J\B 

-7 Error 

Tota.l. 

Ap~x-5.1.62 

ANA L Y 
K 

Value Source 

2 35694.92. 17947.463 2.1564 0.2315 
2 1543760.148 771eSO.074 93.2599 0.0004 
4 33106.630 8276.651 
5 5706556.915 1141311.363 194.8353 0.0000 

10 258512.141 25851.214 4.1966 0.0011 
30 185242.444 6174.748 

53 7762873.704 

Sunflower seed yield (kg ha"l) as affected by' different NPK 
leve.ls l.n a. sugarcane-sunflower intercroppinq $ystem 
dur~ autumn planting 1996. 

S 1 S o F VAl< 1 AN C E T A II L E 
of Sum of Mean F 

Squares Square Va..lue Prab 

-----------------------------------------------------------------------------
1 Replication 2 31941. 444 15970.722 3.5460 0.1300 
2 Factor A 2 1793910.776 896955.389 199.2656 0.0001 

-3 Error 4 16005.111 4501. 278 
4 Factor II 5 6516994.689 1315398.979 469.0639 0.0000 
6 AIl 10 313660.333 31368.033 11.6626 0.0000 

-7 Error 30 80668.776 2689.626 

Tota.l. 53 6815221. 333 
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APJpendi.:.-5, 1. 7,1 

ANAL\' S 1 s {) F VAllI ANCE TABL E 

K Degrees of Sum of Mean F 
Val.ue Source Freedom Squares Square Value ProD 
-~~-----~--~---~--~----------------------------------------------------------

1 Replica.tion 
2 Factor A 

-3 Error 
4 Factor B 
6 l\lI 

-7 Error 

Total. 

ANA L Y 
K 

Val.ue Source 

2 58,481 29.241 ),0365 0,1571 
2 350,926 175.463 18,22:1.2 0,0098 
4 38.519 9,630 
5 1061. 648 212,330 24,0979 0,0000 

10 76,852 7.685 0.8122 
30 264,333 8.811 

53 1850,759 

N~r of millahle canes m-~ row length as affected by 
different N1?K lEr\lels in a sugarcane-sunflower 
intercroppinq system dur~ng autu:mn planting' .1996, 

S I S {) F VARI ANCE TAB LE 
Degrrees of Sum of Mean F 

Freedom Squares Square vatu.: Prob 
-------------------------------------~------~--------------------------------

1 
2 A 

-3 Error 
4 Factor B 
6 AB 

-7 Errol:' 

Total. 

Appendix-5.l.S,1 

2 344,111 172.056 ),2842 0,1433 
2 S2,333 26.167 0,4995 
4 209,556 52.389 
5 449.122 89,944 6,9965 0,0002 

10 119,444 1:1..944 0.9291 
30 385,667 12.856 

53 ~560,a33 

suqiU:c.me plant he.ight-l (an) as affected b;y diffe"ent NPK 
1ev-ela :in a sugarcane-sunflower intercroppi.nq system 
owe"",,, autumn planting 1995 •. 

A N A L Y SIS 0 F V A R I A NeE TAB L E 

K 
Value 

1 
2 

-3 
4 
6 

-7 

Replication 
Factor A 
Error 
Factor :s 
All 
Error 

Total 

D0grees of 
Freeaum 

2 
2 
4 

" 10 
30 

Su.m of 
square", 

---------
103,104 
414,815 
132,407 

"1946,759 
3485,185 
1497.222 

53 13580.093 
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Mea..."1 F 
Square Value Prob 

----------------------------------
51. 652 1.5664 0,3145 

207,407 6,2657 0.0585 
33,102 

1589,352 31,6460 0,0000 
348,519 6.9833 (J,QOOO 
49,907 



1 
2 

-3 
4 
6 

-1 

sugarcane plant hel.ght~ 1 (em) as a.ffectoo. by' different: NPK 
levels i.n a m.ugaxcane-sunflower i.ntercroppinq syatem. 
during autumn planting 1996. 

A N A L Y SIS 0 F 
Oeqrees of 

Source Freedom 

Replication 2 
Factor A 2 
Error 4 
Factor B 5 
lIB 10 
Error 30 

Total- 53 

V A II I 
Sum of 
Squ;u;e. 

0,036 
0.005 
0,025 
0,450 
0,213 
0,711 

1,446 

ANCE TABLE 

0,019 
(LOO2 
0,006 
0.090 
0.021 
0,024 

F 
Val.ue 

3.0294 
0.3624 

),7105 
0,8915 

Pro!> 

0.1581 

0,0091 

Appendix-5,1,9,1 s tripped cane height (m) as affected by different NPK 
levels -in it sugarca.ne-sunflower intercropp,1nq system 
durinq autumn planting 1995. 

ANAL Y s 1 S OF VARI ANCE TAil LE 

K Degrees of Sum of Mean F 
Val-1m Source Freedom Squ;u;e. Squ;u:e Value Pro!> 
-----------------------------------------------------------------------------

1 ~lication 2 0,092 0.046 2,9597 0.1626 
2 Factor A 2 2.206 1.103 70.1:1.57 o.oooa 

-3 Error 4 0,062 0.016 
4 Factor B 5 2,453 0.491 16.6631 0.0000 
6 lIB 10 0,414 0.041 1.4063 0.2250 

-7 ErrQr 30 0.8S3 0.029 

Total 53 6,111 

l\ppendix-5.1,9,2 Stupped cane height (m) as affected by different NPK 
levels in a intercroppinq sys te:at 

K 
Value 

1 
2 

-3 
4 
6 

-; 

A N A L Y SIS 0 F 
Degrees of 

Source Freedom 

Replica.tion 
Factor A 
Error 
Factor a 
AB 
Error 

2 
2 
4 
5 

10 
30 

1996, 

VARIANCE TABLE 
Sum of Mean F 
squares Square Value Pro!> 

0,125 
2 615 
o 040 
2,288 
0.110 
0,134 

0,063 
1.308 
0.010 
0,458 
0.011 
0,004 

6.210S 0.0593 
129.8603 0.0002 

102,4025 0,0000 
2.4594 0.0277 

Total 53 5 312 
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in a 
au tumn p",",'fi1C1rl'1 1995, 

ANA L Y S r S 0 F VAR r 

K of Sum of 
Value Source squares 

as affected by different NPK levels 
intercroppinq system during 

ANe E TAB L E 

Mean F 
square Val.ue Prop 

------~-----------------------~----------------------------------------------
1 Replica tion 
2 Factor A 

-3 Error 
4 Factor B 
6 AB 

-7 Error 

Total 

Appendix-5.1,IO.2 

ANA L Y 
K 

Value Source 

2 0,008 0,Q04 
2 1.639 0,820 
4 0,129 0,032 
5 1.304 0,261 

10 0,177 0,018 
30 0.243 0,008 

53 3,500 

Cane a tem g:ir th (<.:m) as af fented by 
levels: in a suga.:ccane-sWlflower 
system durinq autumn plantinq 1996. 

S I S o F VARI ANeE TAB 
Degree- of Sum of Mean 

Fre&d.om Squares Square 

0.U68 
25.4493 0.0053 

32.1304 0.0000 
2.1904 0.0484 

different NPK 
.intercroppinq 

L E 
F 

Value Prob 
-----------------------------------------------------------------------------

1 kap!l.cation 
2 Factor A 

-3 Error 
4 Factor B 
6 JIB 

-7 Error 

Total. 

Appendix-5,1,11,1 

2 O.QO] 0.001 2.0913 0.2390 
2 2.521 1.260 1941.1SU 0.0000 
4 0.003 0.001 
5 2,348 0,410 42.6255 0.0000 

10 0,352 0,035 3.1931 0.0065 
30 0.331 0,011 

53 5.557 

Weight per nu.llabl" cane (k'1) a. atfec_ l>y dtffer"nt NPK 
levels in a sugarcane-sunflower system 
during autumn planting 1995, 

A N A L Y SIS 0 F V A R I A NeE TAB L E 

K 
Value 

1 
2 

-3 
4 
;; 

-1 

Source 

Repl.ication 
Factor A 
Error 
Factor B 
l\ll 
Error 

Total 

2 
2 
4 
5 

10 
)0 

53 

of Sum of. 
Squares 

0.002 
1,053 
0,022 
0,443 
0.121 
0,090 

1. 731 
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0,001 
0,526 
0.006 
0,089 
0.013 
0,003 

F 
Value 

0.1814 
93.9108 

29.4904 
4.2140 

PrOD 

0.0004 

0.0000 
0.0010 



K 
Val._ 

Wei.ght 
levels 
dur,inq 

ANALYS I S 

Source 

millable cane (kg) as affected by different NPK 
a suqarcane-sunflower i.ntercroppinq wystem 

autumn planting 1996, 

o F VAR I ANCE TAIILE 

of Sum of Mean F 
Squares square Val.ue Prob 

-----------------------------------------------------------------------------
1 
2 

-3 
4 

" -7 

K 
Val.ue 

1 
2 

-3 
4 
6 

-7 

R.epl.ica tion 
Faotor A 
Error 
Factor 11 
AIl 
Error 

Total 

2 0.014 0.007 3.7590 0.120. 
2 0.868 Q.434 238.3049 0.0001 
4 0.007 0.002 
5 0.500 0.100 54.4059 0.0000 

10 0.095 0.009 4.6409 0.0005 
30 0.055 0.002 

53 1.529 

Sugarcane harvest index as affected by different. NPK 
levels .Ln a sugaxca.ne-sunflower i.ntercroppinq fIIystexn 
during autumn planti.ng 1995. 

A N A L Y SIS o F VARIANCE TAIILE 

R.ep,1j.cation 
Factor A 
Error 
Factor B 
AIl 
Error 

Total. 

2 
2 
4 
5 

10 
30 

53 

of 

0.000 
0.000 
0.003 
o 010 
0.002 
0.014 

0.030 

Mean 
Square 

0.000 
0.000 
0.001 
0.002 
0.000 
0.000 

F 
Value 

0.0911 
0.1207 

4.1015 
0.3866 

Pro}) 

0.0059 

Append1x-5.1.12.2 Sugarcane harvest :tndex as affected by different NPK 
levels l.n a sugarcane-sunflower intercropping system 
dur~ng autumn planting 1996. 

K 
vuue 

1 
2 

-3 
4 
6 

-7 

l\ N A L Y SIS o F 

Repl.ica ti on 
Factor A 
Error 
Factor B 
AIl 
Error 

Total. 

n~'.p f'<"1 or 
Ft.'et~om 

2 
2 
4 
5 

10 
30 

53 

VARIANCE TAIILE 

f'>\Il1i 0 r 
Squares 

0.001 
0.028 
0.OC1 
0.023 
0.002 
0.002 

0.057 
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Me.HI 
Square 

0.00l. 
0.014 
0.000 
0.005 
0.000 
0.000 

F 
Value 

4.1562 
18.1249 

60.1610 
2.3707 

Frob 

0.1055 
0.0006 

0.0000 
O.Ol31 



K 
Value 

1 
2 

-3 
4 
6 

-7 

.1.13.1 Sugarcane top bottom ratio (-%) as affected by different 
NPK level. in " ""~aJ""m"-"UIlj'lower intercropping syotem 
during < autumn 1995. 

A N A L Y SIS o F V A R I A NeE TAB L E 

Source 

Replication 2 
Factor A 2 
Error 4 
Factor B 5 
lIB 10 
Erl::or JO 

Stml of 
Sqwu::es 

0.000 
0.001 
0.008 
0.021 
0.001 
0.0)3 

0.000 
0.000 
0.002 
0.004 
".000 
0.001 

F 
Value 

0.0883 
0.1437 

3 7964 
0 3101 

Prob 

0.0088 

-----~---~--~-------
Totu 

A N A L Y 

K 
vuue S01ll:.:ce 

53 

Sugarcane top bottom ratiO' {\J} as affected different 
NPK levels in a sugarcane-sunflower inte.rc;col;.piLng system. 
during autumn planting 1996. 

S I S o F VA"I AN C E TAil LE 

Degre, .. of Sum of Mean F 
Freedom Squares Square Value Prob 

-----------------------------------------------------------------------------
1 
2 

-3 
4 
6 

-1 

K 
Value 

1 
2 

-3 
4 
6 

-1 

Replication 
Factor A 
Error 
Factor 11 
All 
Error 

Total 

2 0.003 0.002 1.4626 0.0447 
2 0.061 0.030 144.9605 0.0002 
4 O.OOI 0.000 
5 0.041 0.009 51.0640 0.0000 

10 O.GO) 0.000 1. 43110 0.2118 
30 0.006 O.OOG 

53 0.120 

Sugar recovery {it} as affected by dl.fferent NPK levels :in 
iii suqarcane-sunf.lower intercroppi.ng system. during' .autumn 
planting 1995. 

A N A L Y SIS 0 F V A R I A NeE TAB L E 

Replica lion 
Factor A 
Error 
Factor II 
All 
Error 

Degrees of 
Freedom 

2 
2 
4 
5 

10 
30 

Sum. of 
Squazea: 

0.199 
0.060 
0.121 
1.408 
o a05 
6.356 

Total 53 10.955 

~47 

Mean 
Square 

0.100 
0.030 
0.032 
0.282 
0.080 
0.279 

F 
Value 

3.1331 
0.9461 

1.0109 
0.2889 

Prob 

0.1516 

0.4265 



AP,Pendix-5.1.15.1 strl.pped cane yield (t ha"j "" affected by different IIPK 
~evels in a suqarcane-sunflower intercroppinq sytJteJ:ti 
during autumn planting 1995. 

A N A L Y S I S OF V A R I ANCE TAB L E 

K Degrees of Sum of Me." F 
Value Source Freedom. Squares Square Value Prob 

-----------------------------------------------------------------------------
1 Repl.ica tion 
2 Factor A 

-3 Error 
4 Factor B 
6 JUI 

-1 Error 

ANAJ.,Y 
K 

Value Source 

2 188.961 94.481 4.2419 0.1025 
2 9541.985 4773.993 214.6421 a.GOOI 
4 S8.966 22.242 
5 5762.584 1152.511 91.8229 a,()OOO 

10 595.846 59,585 4.7412 0.0004 
30 376.546 12 552 

53 16560.989 

cane yitlld (t ha*l) as a..ffected by different NPK 
~n a sugarcane-sunflower inbercroppinq system 

during autumn pla.nting 1996. 

S I S OF VARI A NCE TABLE 
Degrees of Sum. of Maon li' 

Freedom squares Square Value Prob 

-----------------------------------------------------------------------------
1 Repli.cation 
2 Factor A 

-3 Error 
4 Factor B 
6 lUI 

-1 Error 

Total. 

Appendix-S.2.1,1 

ANA L Y 
K 

Va.lue Source 
-------------------

1 Repll.cation 
2 Factor A 

-3 Error 
4 Factor B 
6 AS 

-1 Error 

Total 

2 232.851 116.426 4.4591 0.0959 
2 1119,494 3859.141 147.8489 0.0002 
4 104.424 26.106 
5 2655.252 531.050 63.7623 0.0000 

10 106.782 10.618 L 2821 0.2841 
30 249,858 8,329 

53 11069.662 

Weoos biomass (q m- Z) <15 affected by different planting 
geometries in 5ugarcane-$unflower intercroppin9 sY$tem 
during spring plant2ng 1996, 

S 1 S 0 F V A R I AN C E T A B L E 
Degrees of Sum of Mean F 

Freedom Squares Square Value P:r:ob 
-------------------------------------------------------

2 11666,667 5833,333 0.3920 
2 952.381 416.190 0.0320 
4 59523.810 HaaO.952 
6 666507.937 111084.656 25,1213 0,0000 

12 30158,730 2513.228 0.5819 
36 155416.190 4318.783 

62 924285,114 
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Appendix-S,2,1.2 Weeds biomluUi (g m~') as affeoted different planting 
2n sugarcane-sunflower system 

spring plantinq 1997. 

A Nil. L Y SIS o F V A R I AN C E T A B L Ii: 
K Degrees of Sum of Mean F 

Value Source Freedom. Squares Square Value Prob 

1 ReplJ.cation 2: 4410.032 2205.016 4.2551 0.1022 
2: Factor A 2 356689.937 178344.968 344.2051 0.0000 

-3 Error 4 2012.540 518,135 
4 Factor B 6 2655951. 651 442658.608 624,4214 0.0000 
6 AS 12 80156,730 6619.128 9,4225 0.0000 

-7 Error 36 25520,762 108.910 

Total 62 3124801. 651 

Appendix-5.2,2.1 Sunflower days to 50t heading as affected by different 

K 
Vaiue 

1 
2 

-3 
4 
6 

-7 

fertJ.lizer doses in sugarcane-sunflower intercropping 
system during spring p".an,<"ng 1995. 

ANALYSIS OF V A R I A N C ETA B L E 
Degrees of Sum of Mean F 

Source Freedom Squares Square V.iU Ue> Prob 

Replication 2 123.Il1 61. 556 1.1584 0,4010 
Factor A 2: 86,333 43.161 0,8123 
Error 4 212.556 53.139 
Factor l! 5 160.611 32 . .l22 2,2153 0,0788 
AS 10 159.222 15.922 1. 0981 0.3948 
Error 30 435.000 14 .500 

Total 53 U76.833 

IIppandix-5.2.2 2 Sunflower days to 50% heading as affected by different 

K 
Value 

1 
2 

-3 
4 

fertilizer doses in suga:<c,.n,,- intercxQPpinq 
system during spring 1991. 

A N A L Y SIS 0 F 
Degrees of 

Source Freedom 

ReplJ.cation 2 
Factor A 2 
Error 4 
Factor B 5 
lIB 10 
Error 30 

Total 53 

VARIANCE TAB L E 
Sum of 
Squares 

50Q,333 
93,000 

181.333 
17.111 

.l.01.8U 
125.667 

1025.333 

249 

Mean 
Square 

250.167 
46.500 
45,333 
3,422 

10,789 
4.189 

F 
Value 

5.5184 
1. 0257 

0.8170 
2,5156 

Proh 

0.0708 
0.4369 

0.0220 



Appendix-5.2.3.1 

A N A L Y 
K 

Val.ue Source 

Sunflower plant height (m) as affected by ~ffexent 
fertili2~r doses in augarcane-sunflower intercropping 
system during spring planting 1996. 

S I S OF VAI\ I AN C E T A B L E 
of SUI11 of Mean F 

Squares Square Value Prob 
- ------- - --- ----------------------------------------------------------

I Replication 2 6825.926 3412.963 10.0163 0.0217 
2 Factor A 2 2331.031 1168.519 3.4293 O.llS1 

-3 Error 4 1362.963 340.741 
4 Factor B 5 459.259 n.852 1.1611 0.3482 
6 AB 10 2546.296 254.630 3.2353 0.0061 

-1 Error 30 2361.111 18.104 

Total. 53 158n .593 

Appendix-5.2.3.2 sunflower plant height (m) as affected by different 
fertilizer dQses in sugarcane-sunfl.ower intercropp1ng 

J{ 

Val.ue 

1 
2 

-3 
4 
6 

-7 

system during p2anting 1991. 

A N A L Y SIS 0 F 
Degrees of 

Source Freedom 

A 
Error 
Factor B 
All 
Error 

Tota~ 

2 
2 
4 
S 

10 
30 

53 

V A 1\ I A NeE TAB L E 
Sum of Mean F 
Squares square Value 

0.182 
0.003 
0.286 
a.oJ! 
O.OS] 
0.342 

0.898 

0.091 
0.001 
0.011 
0.006 
0.005 
o.on 

1.2156 
0.0181 

0.5466 
0.4672 

Prob 

0.3728 

Apl,endi,<-5. 2.4.1 Sunf,·Lower dl.sc diameter (an) as affected by different 
ferti~izer doses in sU9arcane-sunf~ower intercropping 
system during spring planting 1996. 

ANA L Y S I S o F V A 1\ I AN C E TA B L E 
J{ of Sum of Mean F 

ValUe Source Squares Square Value Prob 
--~------------~-----------------------------------------------------------

1 2 1.310 0.685 0.5181 
2 A 2 182.704 91. 352 17.0181 0.0006 

-3 Error 4 4.741 1.185 
4 Factor B 5 214.981 42.996 51.1410 0.0000 
6 All 10 36.630 3.663 4.3568 0.0008 

-1 Error 30 25.222 0.841 

Total. 53 465.648 
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A N A L Y 
K 

Value Source 

Sunflower disc diameter (em) a$ affected by different 
fert~lizer doses in sugarcane-sunflower intercroppinq 
system dur£ug spring plantlDg 1997, 

5 I S o F V A R I A If CE T ABL Ii: 
Deqrees of Sum of Mean F 

Freedom Squares Square Va.lue Prob 
-------------------- ---*--------------------------------------------------

1 Replica tion 2 42.461 21.241 4.1891 0.0868 
2 Factor A 2 831. 815 415.907 93.7145 0.0004 

-3 Error 4 17.141 4.435 
4 Factor B 5 205.704 41.141 72 .1299 0.0000 
6 AB 10 29.519 2.952 5.1153 0.0002 

-7 Error 30 17.111 0.570 

Total 53 1144.370 

Appen~x-5.2.5.1 Sunflower seed yield (kg ha,~l) as affected by different 
fert~llzer doses £n sugarcane-sunflower ~ntercropp~ng 
system during spring plantings 1996. 

ANA L Y S I S o F V A R I AN eli: T AS L E 
K Degrees of Sum of Mean F 

Value Source Freedom Squares Square Val.ue Prob 
--------------------------------------~------------------------------------

1 Repli.cd ti.on 2 59490.704 29145.352 2.5355 0.1944 
2 Factor A 2 2945370.704 1472685.352 125.5330 0.0002 

-3 Error 4 46925.852 U73.l..463 
4 Factor S 5 10434348.148 2096669.630 379.3555 a.aooo 
6 AB 10 437625.741 43762.574 7.9553 0.0000 

-7 Error 30 165032.776 5501.093 

Total 53 14068793.926 

Appendix-S.2.S 2 Sunflower seed yield as affected different 
fertilizer doses in su.garcan~-su'nflQ,w.'r 

K 
Value 

1 
2 

-3 
4 
6 

-1 

system during spring 

A N A L Y SIS 0 F 
Degrees of 

V A R I 
Sum: of 
Squares Source Freedom 

Replication 2 23,593 
Factor A 2 2609083.259 
Error 4 1.2036.519 
Factor B 5 2692093.670 
All 10 ;;49565,407 
Error 30 U1Ul!L~56 

Total 53 5B04301,204 
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1997. 

ANCE TABLE 

Square 

11. 796 
1304541.630 

3009.130 
5384111.774 

34956.541 
4716.6111 

F 
Value 

0.0039 
433.5279 

114,1536 
1.4114 

Prob 

0.0000 

0.0000 
0.0000 



Appendix-5.2.6,1 Number of tn.illable canes roW' length as a.ffected by 
dif.ferent fertilizer doses in sugarcane-sunflower 
intercropp~ng system during spring planting 1996. 

ANALYSIS V A R I 
Sum of 
Squares 

A NeE TAB L E 
!( 

Value 

1 
2 

-3 
4 
Ii 

-1 

Source 

A 
Error 
Factor B 
AB 
Error 

Total 

Appen~x-5,2.6.2 

ANA 
K 

Value Source 

L Y 

2 16,593 
2 284.926 
4 10.296 
5 969.648 

10 60.407 
30 46.444 

53 1388.315 

Mean 
square 

8.296 
142.463 

2.574 
193.930 

6.041 
1.548 

F 
value PrOD 

3,2230 0.1.466 
55,3453 0.0012 

125.2656 0.0000 
3.9019 0.0018 

Number of millable canes m~l row length as affected by 
different ferti~izer doses in sugarcane-sunflower 
~ntercropping system during spring planting 1991, 

S I S 0 F V A R I AN C E T AB L E 
of Sum of Mean F 

squares Square Value Prob 
---------------~---------~-------------------------------------------------

1 
2 A 

-3 Error 
4 Factor B 
6 AB 

~1 Error 

Total 

Appendix-5, 2,7.1 

2 3.370 1.685 0.2131 
2 212,481 136.241 17.2295 0.0108 
4 31,630 1.907 
5 911.104 195,541 193,3919 0,0000 

10 10.630 1. 063 1.0513 0.4275 
30 30.333 1.011 

53 1326.148 

~or1ppea oane height (m) as affected by different 
doses ~n sugarcane-sunflower ~ntercropping 

system dur~nq sprinq planting 1996. 

A N A L Y SIS 0 F V A R I A N C £ TAB L E 
K 

Value 

1 
2 

~3 

4 
6 

~7 

Source 

Replica tion 
Factor A 
Error 
Factor B 
AB 
Error 

Total 

Degrees of 
Freedom 

2 
2 
4 
5 

10 
30 

53 

Sum. of Mean it 
Squares Square Value ProD 

0.056 0.028 1.1424 0.4051 
3.934 1.961 SO.0545 O,OOM 
0.098 0.025 
0.672 0.134 25.1189 0.0000 
0.153 0.015 2.8564 O.OU7 
0.161 0.005 

5.015 
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Stripped cane height (m) as affected by diffe~ent 
fertilizer doses in sugarcane-sunflower intercropping 
system during spring pLan,Lng 1997. 

ANA L Y S I S o Ii' V A R I AN CE T A B L E 
K Degrees of Sum of Mean Ii' 

value Source Freedom Squares Square Value Pro}) 

--~------------------------------------------------------------------------
1 Replication 
2 Factor A 

-3 ErrOL 
4 Fact.or II 
6 AI! 

-7 Error 

Total 

ANA L Y 
I< 

Value Source 
--~----

, 
" .' 

1 RepliGation 
2 Factor A 

-3 Error 
4 Factor B 
6 AS 

-7 Error 

Total. 

AliA L Y 
K 

Value Source 

2 0,065 0.033 3.6514 0.1252 
2 3.316 1.658 185.4410 0.0001 
4 0,036 0.009 
5 5,453 1.091 257.8783 0.0000 

10 0.179 0.018 4.2407 0,0010 
30 0,127 0.004 

53 

Cane stem girth (em) as affected by different fertilizer 
doses in .uqa.rcan~-sunflo.we,r system during 
spring an~L.na 1996. 

S I S o Ii' V A R I AN CE l' A'S 1:. E 
of Sum of Mean Ii' 

Squares square Val.ue ProD 
----~-------------------------------------

2 0.OB4 0.042 B .19B9 0.0385 
2 2.945 1.413 2911.1215 0.0000 
4 0 020 0.005 
5 2.477 0.495 .!.l8.3822 0.0000 

10 0.144 0.01( 3.4410 0.0042 
30 0.126 0,004 

53 5.796 

Cane stem girth (em) a$ affected by different fertilizer 
doses in sugarcane-sur&flower intercropping system during 
spring planting 1991, 

S I S 0 Ii' V A R I AN C E T A B L E 
01' Sum of Mean Ii' 

Squares Square Val.ue ProD 
--~-~~--------------------------------~---------------~--------------------

1 Rep~:ication 2 0.311 0.159 27.2195 0.0047 
2 Factor A 2 2.123 L061 182.0102 0.0001 

-3 Error 4 0.023 0.006 
4 Factor B 5 4.463 0.893 123.4192 0.0000 
li All 10 o.ue 0.020 2.7098 0.0.1.61/ 

·7 Error 30 0,211 0.00' 

Tota~ 53 7.340 



Appendix-S.l.9.1 willable cane (kg) as affected by different 
c~,u."er doses in sugarc,,,,,,-sunnower intercropp.ing 

system during spr~nq 1996. 

A N A L Y SIS o F VARIANCE TAB L E 

K 
Value 

1 
2 

-3 
4 
6 
1 

Source 

A 
Error 
Factor B 
JIB 
Error 

Total. 

Appendix~5.2.9.2 

A N A 

K 
Value Source 

L Y 

Degrees of 
Freedom. 

2 
2 
4 
5 

10 
30 

53 

Su.m of 
Squares 

0.012 
0.364 
0.022 
2.532 
0.044 
0.128 

3.101 

Mean 
square 

0.006 
0.182 
0.005 
0.506 
0.004 
0.004 

F 
Value 

1.0857 
33.4261 

118.8043 
1. 0237 

Prob 

0,4201 
0.0032 

a.oooo 
0.4416 

Weiqht per millable cane (kq) ". affected by different 
fertilizer doses in sugarcane-sunflower intercroppinq 
system during spring plantinq 1991. 

S I S o F V A R I All C E T ABL E 

Degrees of Sum of Mean F 
Freedom. Squares Square Value Prob 

--------------------~----~----~---------------------------------------- ~--

1 Replicatl..on 2 0.03, 0.019 10.501S 0.0256 
2 Factor A 2 1.275 0.638 357.6853 0.0000 

~3 Error 4 0.001 0.002 
4 Factor B 5 2.041 0.406 56.2508 0.0000 
6 All 10 0.064 0.006 O.S836 

-7 Error 30 0.218 0.007 

Total 53 3.642 

Appendix-5.2.1Q,1 Sugarcane harvest ~ndex as affected by ~fferent 
fertil~~er doses in sugarcane-sunflower intercroppinq 
system during sprinq plant~nq 1996. 

A N A L Y s I S o F 'iT A R I All C E TA B L E 

K Degrees of Sum of Mean F 
Value SQurce Freedom Squaz:es Square VuuG! Prob 
-----------------------------~------------------------ ---------------------

1 Repli.cation 2 0.001 0.000 1.7406 0.2859 
2 Factor A 2 0.060 0.030 135.8744 0.0002 

-3 Error 4 0.001 0.000 
4 Factor B 5 0.065 0.013 99.3268 0.0000 
6 All 10 0.003 0.000 2.1099 0.0558 

-7 Error 30 0.004 0.000 

Total 53 0.134 
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AppendLx-5.2,10,2 Sugarcane harvest index as affected by different 

K 
Value 

1 
2 

-3 
4 
6 

-7 

doses in sugarcane-sunflower intercropping 
system during spring p~an'4~nq 1991. 

A N A L Y SIS 

Source 

Rep1.ication 2 
Factor A 2 
Error 4 
Factor B 5 
AS 10 
Error 30 

Total 53 

o F V A R I A NeE T A !! L E 

of Sum of 
Squares 

0.001 
0.073 
0.005 
0.046 
0.014 
0.063 

0,202 

Mean 
Square 

0.000 
0.037 
0.001 
0.009 
0.001 
0.002 

F 
Vuue 

0.3418 
27.3665 

4.3492 
0.6704 

Prob 

0.0046 

O. 0043 

Appendix-5,2,11,1 (\) as affected by different 
in .w.al,ci~ intercropping 

system dur~ng spring amc>.n.g 1996. 

1\ N A L Y SIS OF VARIANCE TAB L E 

K Degrees of Sum of Mean F 
Value Source Freedom Squares Square Value Prob 

------------------------------------------------------------------
1 2 0.002 0,001 1,2888 0,3698 
2 A 2 0,192 0.096 113,5164 0.0003 

-3 Error 4 0,003 0.001 
4 Factor B 5 0.214 0,043 92.6498 0.0000 
6 l\B 10 0,020 0.002 4,3311 0.0009 

-1 Error 30 0.014 0.000 

Tota~ 53 0.445 

Appendix-5.2.11.2 Sugarcane top cane ratio <l) as affected by different 
fertilizer doses in sugarcane-sunflower intercropping 
system during spring planting 1997. 

ANALlf S I S 0 F V A R I AN C E TAB L E 
R Degrees of Sum of Mean F 

Value Source Freedom Squares Square Va.lue Prob 
---------------------------------------------------------------------------

1 2 38,259 19.130 0.3318 
2 A 2 3619.370 1809.685 31. 3869 0.0036 

-3 Error 4 230,630 57.657 
4 Factor B 5 1861. 259 372.252 4.4686 0.0037 
6 AB 10 721.963 72,196 0.866? 

-? Error 30 2499.111 83.304 

Total 53 8970.593 
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Appendix-5.2.l2.l sugar recovery (%) as affected by different fertilizer 
doses in .",qa;i:",,,,,,-s'unr.Low,,r int~rcropping system during 

K 
Value 

1 
2 

-3 
4 
6 

-1 

spring 1997. 

A N A L Y SIS 0 F 
Degrees of 

SOurce Freedom 

2 
A 2 

Error 4 
Factor B 5 
AB 10 
Error 30 

Total 53 

V A R I A NeE TAB L E 
Sum of Mean F 
squares Square Value 

1. 933 0,966 1,0193 
0.9ll 0.456 0.4807 
3.192 0.948 
7.594 1.519 3.7216 
3.090 0.308 0.7546 

12.242 0.408 

29.552 

Prob 

0.4388 

0.0091 

Appendix-5.2, 13.1 stripped can .. yhld (t hz,') as affected by different 
fertilizer doses in sugarcane-sunflower intercroppin9 
system dur~ng spring planting 1996. 

ANA L Y S I S o F VAR I AN C E T A B L E 
K Degrees of Sum of Mean F 

Value Source Freedom squares Square Value Prob 
---------------------~-~------------------------- -------------------------

1 R<?p1.i.cat.1.on 2 253.540 126.710 29.2085 0.0041 
2 Factor A 2 4864,847 2432.423 560.H21 0,0000 

-3 Error 4 11.361 4.340 
4 Factor B 5 4397.571 87!L515 19.8852 0.0000 
6 AS 10 77,451 7.745 0.7035 

-1 Error 30 330.292 11. 010 

Total 53 9941.061 

Appendix-5.2.13.2 Stripped cane yi.eld (t as affected by different 

K 
Value 

1 
2 

-) 

4 
6 

-7 

fert~lizer doses in sugarcane-sunflower intercropping 
system dU:t:'1ng spring planting 1991. 

A N A L Y SIS 0 F 
Degrees of 

Source Freedom 

Repli.cati.on 2 
Factor A 2 
Error 4 
Factor B 5 
M 10 
Error 30 

V A R I A NeE TAB L E 
Sum of Mean F 
Squares Square Value 

6.561 3.281 0.1353 
5621.960 2810.980 115.8946 

97. OBI 24.255 
5553.348 1110.670 53.9241 

613.295 61.330 2.9716 
617.907 20.597 

Total 53 12510.0110 
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Prob 

0.0003 

0.0000 
0.0100 



Appeudix-5. 3.1 Weed bi.amass (g as affected by different NPK levels 
and suqarcane-sunflower intercropping ratios during Autumn 
1995 planting. 

ANAL Y S I S OF VAR I AN C E TABLE 
K of Sum of Mean F 

Value Source SquarQ9 square Value Prob 
-----------------------------------------------------------------------------

1 
2 

-3 
4 
6 

-7 

K 
Value 

1 
2 

-3 
4 
6 

-7 

Replicati.on 
Factor A 
Error 
Factor B 
All 
Error 

Total 

2 45684.444 22842.222 4.3211 0.0999 
2 15097.778 7548.889 1. 4300 0.3400 
4 21115.556 5276.869 
4 6491051.118 1624264.444 86.3910 0.0000 
8 92302.222 11537.178 0.6131 

24 4SI200.000 18800.000 

7122457.17B 

sunfLower days to 50% heading ... affected l::7 <hfferent NPK 
levels and sugarcane-sunflower intercropping rat~os durinq 
Autumn 1995 planting. 

ANA L Y S 1 S OF VARI AN C E T ABLE 
of S-um, of Mean F 

Source Squares Square Value Prob 
-----------------------------------------------------------------------

Repl~ci:'iti.on 2 42.399 21.194 0.9373 
Factor A 2 12.389 6.194 0.2740 
Error 4 90.444 22.611 
Factor B 3 123.222 41. 074 3.1439 0.0507 
All 6 163.611 27.269 2.0872 0,1058 
Error 18 235.167 13.065 

Total 35 667.222 

Appendix-5.3.3 Sunflower plant height as affected by different NPK 
levels and sugarc;~.-',uruJ,o.'er intercropping ratios durinq 
Autumn 1995 

K 
Value 

1 
2 

-3 
4 
6 

-7 

A N A L Y SIS 0 F 
Degrees of 

Source Freedom 

Repli.cation 2 
Factor A 2 
Error 4 
Factor B 3 
AB 6 
Error 18 

Total 35 

V A R 1 
SUm of 
Squ.>.re" 

2BO.661 
990.167 
245.667 

1555.222 
80.27B 

251. 000 

3403.000 

2'57 

ANCE TABLE 
F 

Value Prob 

140.333 2 2849 0.2179 
495.083 II. 0611 0.0395 

61. 417 
518.407 37.1166 0.0000 
13.380 0.9595 
13.944 



Append:ix-5.3.4 sWlflower disc ctimneter (c:m) as affected by different NPK 
levels and suqarcane-sunflower intercropp1Dq ratios during 
Autuom H95 planting. 

K 
Value 

1 
2 

-3 
4 
6 

-'1 

K 
Value 

1 
2 

-3 
4 
6 

-7 

A N A L Y SIS o F 
of 

V A R I 
Sum of 
Squares 

ANCE TABLE 

Source 

Replication 
Factor i\ 
Error 
Factor B 
AB 
Error 

Total 

2 8.167 
2 506.167 
4 n.667 
3 165.889 
6 34.944 

18 8a.16' 

35 835.000 

4.0S3 
253.093 

7.917 
55.296 

5.824 
4.898 

F 
Value 

0.5158 
31.9684 

11.2892 
L 1890 

Prob 

0.0035 

0.0002 
0.3558 

Sunflower 1000-a"hene weight (g) as affected by different 
NPK levels and sug.u::cane-sunflower intercropping ratios 
during Autumn 1995 

A N A L Y SIS 0 F VAR 
Sum of 
Squaxes 

lANCE TAB 
Mean 

Square 

L E 

Source o"~;=a:of 

RaplicatJ.on 2 
Factor A 2 
Error 4 
Factor B 3 
AB 6 
Error 18 

Total 35 

43.056 21.528 
1162.389 591.194 

21.278 5.319 
1133.639 377.980 

78.2'18 13.046 
SO. 333 4.4.63 

2519.972 

F 
Val.ue 

4.0470 
109.2585 

84.6701 
2.9232 

!'rob 

0.1094 
0.0003 

0.0000 
0.0360 

Appendix-5.3 .• sunflower seed yie.ld (Kg ha.") as affected by different NPK 
levels and sugarcane-sunflower intercroppinq ratios during 
Autumn 1995 planting. 

K 
Value 

1 
2 

-3 
4 
6 

-7 

A N A L Y S r s o F 

Source D"fr::::a:Of V A R 1 
Sum 'Of 
Squares 

Rep~J.c:at.ion 2 1957.16'1 
Factor A 2 284490.500 
Error 4 10023.833 
Factor B 3 5558113.417 
AB 6 49976.167 
Error 18 61901.667 

Total 35 5966962.150 
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ANCE TABLE 

918.583 
142245.250 

2505.958 
1852904.412 

8312.694 
3438.981 

Ii' 
Va.l.ue 

0.3905 
56.1626 

538.7945 
2.4112 

PrOD 

0.0012 

0.0000 
0.0685 



Appendix-5.),? Sugarcane numbex of 1.ltillable cane 
affected by different NPK levels and 
intercropping ratios during Autumn 

as 

K 
Value 

1 
2 

-3 
4 
6 ., 

A N A L Y SIs 

Source 

.Replicab..on 2 
Factor A 2 
Error 4 
Facto:t: B 3 
lIB 6 
Error 18 

TotaJ. 35 

VARI 
S1.1lti of 
Square. 

11.161 
a.661 

12.667 
489.222 

5,778 
41.500 

569.000 

ANCE TABLE 
F 

V&iue Pro!> 

5,583 1.1632 0.2a25 
4.333 1.3684 0.3525 
3.167 

163.014 70.nOB 0.0000 
0.963 0.4171 
2.306 

Appendix-5,3.a Sugarcane plant he.ig'ht-l (CIll) as affected 1>y differEmt N1?K 
levels and sugarcane-sunflower inter cropping ratioa during 
Autumn 1995 planting, 

K 
Value 

1 
2 

-3 
4 
6 

-1 

A N A L Y SIS () F 
Deqrees of 

Source Freedom 

Repli.ca tion 2 
Factor A 2 
Error 4 
Factor B 3 
lIB 6 
Error IS 

Total. 35 

VARI 
Stml of 
Square. 

331.500 
531.500 
312.500 
902.083 
979.161 
650.000 

3616.750 

AliCE TABLE 
Mean F 

Square VaJ.ue Prob 

168.750 2,1600 0.2311 
268.750 3,HOO 0.1352 
78.125 

300.694 B.3269 0.0011 
146.528 4.0577 0.0095 

36.111 

Appendix-5.3.9 Sugarcane plant height-II (em) as affected bY different 
NJ?K levels and suqarcane-stmflower i.ntercropping l:atiO$ 

dur~nq Autumn ~995 planting, 

ANA L Y S I S OF VARI ANCE TAB L E 
K Degrees of Sum of Mean F 

Value Source Freedom Squares Square VaJ.ue Pro!:> 

-----------------------------------------------------------------------------
1 2 0.09300 0.04100 2.6523 0.1848 
2 A 2 2.19000 1. 09500 62.3817 0,0010 

·3 Error 4 0.07000 0.01800 
4 Factor B 3 2.19400 0.73100 89.6089 0.0000 
6 lIB I> 0.17500 0.02900 3.56411 0.0167 

-7 Error 16 0.14700 0.00800 

Total. 35 4.869000 
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Append1x-5.3.10 sugarcane stem diameter (cxu) as. affected. by different NPl< 
levels and sugarcane-sunflower ~ntercroppinq ratios during 
Autumn 1995 plantinq. 

A N A L Y sIS 0 F VARIANCE TABLE 
K 

Value 

1 
2 

~3 

4 
6 

-7 

Source 

Repli.caUon 
Factor A 
Err-or-
Factor B 
AIl 
Error 

Total 

Appendix-S.3.11 

AN1\LY 
K 

Value Source 

Degrees of 
.Ilree<iom 

2 
2 
4 
3 
6 

18 

35 

Sum of Mean F 
Squares square Value Pr-ob 

0.131 0.069 7,0102 0.0493 
3.258 1.629 166.2015 0.0001 
0.039 0.010 
0.918 0.306 48.9739 0,0000 
0.019 0.003 0.5147 
0.112 0.006 

4.484 

stripped. cane yield (t ha-1
} as affected by different NPK 

levels and suqarcane~sunflQwer intercroppinq ratios dur~ng 
Autumn 1995 planting. 

S I S o li V A R I A N C E T A B LE 
Degre-es of SUDl of Mean F 

Freedom Squares Squaxe Value Frob 
~----------------------------------~------------------------~----------------

I Replication 2 72.804 36,402 2.8644 0.1690 
2 Factor A 2 3670 911 1835,455 144.4308 0.0002 

~3 Error- 4 50.833 12.708 
4 i'actor Il ) 33982.030 11327.343 1022.0680 0.0000 
6 lIB 6 391.243 65.207 5.8836 0.0015 

-7 Error 18 199.490 11.093 

Total 35 38367.310 
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Determinations Unils A·1995 A·1996 S·I996 S·1997 S-I997 p·lI 

Physical Analysis 

Textural Class Silty day Silty clay Silty clay Silty clay Silty clay 

Chemical Analysis 

PH 8,90 8,90 830 800 8,50 

mmhos/cm xl 0" 900 1200 2900 650 850 

Organic malter % 0.35 0.65 0.10 0.84 0,62 

Soluble Ca. :vlg mt:q/l 640 5,90 10.70 430 8.00 

.Available:. P,O, ppm 6,00 6.00 10.00 10.00 5,00 

Solublt! Anions 

CO) meq/l Nil nil nil nil nil 

HeO, meq/J 9.78 10,12 1.20 8.12 088 

C1 n1t!qll 59,98 4,20 10,24 166 2.80 

TOIaI Nitrogen % 0.02 003 0,05 0.04 003 
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Appemlix-4.2. Agro-meteorologieal data recorded during the year 1995 at Arid 
Zone Rt'Search iu5litule, Dera 1l;1l18i! Khall. NWFP. 

Month Temperature Relative humidity Screen pan Wind speed Rain-fall 
evaporation 

MaxI. \1ini. 0800 14.00 (mm/day) (km/day) (mm) 

January 19 4 85 62 2.32 47 

February 22 7 72 59 2.33 27 

March 26 12 74 56 69 40 

April 29 15 82 64 4.65 69 38 

May 39 22 72 57 9.08 92 

June 41 27 73 55 11.00 109 36 

July 36 28 84 58 8.36 115 74 

August 35 26 88 68 6.38 104 75 

September 36 24 59 603 72 42 

October 32 18 75 55 4.85 54 29 

November 27 9 72 50 2.43 48 

Dc<.:ember 21 6 69 50 1.83 48 
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Appemlix-4.3. Agro-metoorological data recorded during the year 1996 al Arid Zone 
Research hlStitutc, Dera Ismail Khan. NWFP. 

:Vlonth Temperature Relative Screen pan Wind spoo:! Rain-fall 
humidity evaporation 

Maxi. Mini. 0800 14,00 (rom/day) (kIn/day) (mm) 

January 19 4 79 55 205 65 8,00 

February 23 8 79 59 2.47 58 19,00 

March 27 14 86 80 3.46 71 29,00 

April 35 19 82 58 700 82 

May 37 22 84 52 9,57 98 

June 39 28 76 59 8,8l 106 74.00 

July 38 27 82 63 8,12 106 75,50 

August 36 27 83 70 6.56 83 27,00 

September 35 25 83 67 5,82 67 2900 

October 31 17 84 65 4,20 49 15,00 

November 27 9 70 42 59 

Dt'l:ember 22 4 76 37 1.93 63 9,00 

--.~---------------~--- ---
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Appcmlix4.4. Agro-meloorological data recorded dwillg the year 1997 at Arid 
Zolle Research Institute, Dern l!,lllail Khall. NWFP. 

Month T ~ll1p~ratllre Relative Screen pan Wind speed Rain-fall 
humidity evaporation 

Maxi. Min; 0.800 14.00 (mm/day) (km/day) (mm) 

January 20 5 80 49 1.72 48 8 

February 22 6 75 45 3.29 67 

March 25 II 79 46 3.20 77 15 

April 30 16 82 65 5.28 89 69 

May 36 20 64 48 7.50 78 31 

June 40 26 71 51 9.71 107 54 

July 39 29 80 65 8.21 109 37 

August 36 28 81 65 7.08 108 

September 27 83 64 6.22 78 

October 27 19 86 73 3.09 70 86 

November 24 II 83 65 2.29 49 

December 19 6 88 67 1.10 51 4 
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