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ABSTRACT 

The growth analysis in castor genotypes was 

studied during kharif, 1990. All the cultivars showed a 

significant differences for plant height, number of 

nodes, branches, LAI, CGR, NAR, dry matter production - ' and yield contributing characters. Tall cultivars with 

short duration showed higher values for number of 

branches, leaf area, LAI, CGR and dry matter 

accumulation compared to dwarf cultivars with long 

duration. The plant height, number of branches, early 

flowering, CGR, LAI, harvest index and 100-seed weight 

influence the yield in castor. 
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CHAPTER I 

INTRODUCTION 

Castor (Ricinus Communis L.) is the oldest oil 

seed crop known to man and is cultivated throughout the 

temperate and tropical regions of the world for its 

excellent qualities of seed, oil and meal. India is 

one of the world's principal producers of castor and is 

grown over an area of about 7 lakh hectares with a 

production of about 4.69 lakh tonnes (DOR, 1990). The 

average 

(601 kg 

yield 

-1 ha ) , 

in India is the 

after Brazil (631 kg 

second 

-1 ha ) . 

highest 

Since 

cultivation of castor in India is largely confined to 

rainfed situations under very poor agronomic conditions, 

the possibility of increasing the area under castor is 

less. Therefore, the higher yield per hectare is the 

only solution. 

Yield is the manifestation of various physiolo-

gical processes occurring in the plants. These proces-

ses are usually modified in the environment and 

management practices. Hence, a combination of fertili-

zers and improved varieties, together with higher 

standards of crop husbandry will be necessary to 

increase the productivity. Since yield depends on dry 

matter production and the efficiency of conversion of 

solar energy to chemical energy contained in plant dry 

matter, growth analysis represents a promising approach 
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in analysing the complex characters of yield capacity. 

In view of examining the growth characters in relation 

to yield the present study entitled "Growth analysis in 

castor'' was taken up with the following objectives. 

1. To factorise plant growth by means of 

growth analysis. 

2. To understand partitioning of dry matter 

production and 

3. To study the cultivaral differences for 

full expression of characters in castor. 

2 
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CHAPTER 11 

REVIEW OF LITERATURE 

I 

Crop productivity usually depends on inherent 

capacity for photosynthesis and photosynthetic area it 

develops. The genetic variation in productivity of crop 

may be related to net assimilation rate (NAR), crop 

growth rate (CGR), leaf area index (LAI) and partitio-

ning of photosynthates into economic and non-economic 

sinks. The quantitative importance of these gr_owth 

parameters in relations to growth behaviour of plant 

species was elaborated by Watson (1952), Redford (1967), 

and Buttery and Buzzell (1972). In the last few decades 

ample information has been generated on choice of growth 

parameters for comparative assessment of crop perfor-

mance under field conditions. 

Although, Gregory (1917) introduced these para­

meters for first time, it was Williams (1946) and Watson 

(1947) used these concepts successfully in physiological 

and biometric studies. Wallace and Munger (1965) 

observed differences in NAR among different varieties of 

dry beans. Weber et~., (1966) found that plant dry 

weight in soyabean was positively correlated with LAI, 

but maximum seed yield was obtained at sub-maximal LAI 

as at maximum LAI a lower proportion of plant dry matter 

was partitioned into the seed fraction. Variations in 

3 



dry matter accumulation by different varieties may be 

related to factors such as leaf area. Net assimilation 

rate (NAR), leaf area ratio (LAR) and relative growth 

rate (RGR). (Wallace and Munger 1965). 

The influence of leaf area and NAR on total dry 

matter accumulation indicated that variation in leaf 

area is more an influential factor for 

varieties species and 

Milthorpe, 1962; Moss, 

and Macdonald, Shibles 

(Balckman and 

1960; Nichi 

1962 and 

comparison of 

Wilson, 1951; 

Porovich, 1960; 

Watson, 1952). 

According to earlier conclusions, NAR was approximately 

the same for all species (Heath and Gregory, 1938). But 

many of the recent studies using both dry matter accumu­

lation and gas exchange procedures indicated that NAR 

differences do exist both among species and among 

genetic strains within species. Comparisions among and 

within species some times shown that differences in LAR 

are closely associated with variations of RGR (Blackman 

and Wilson 1951, and Tsunoda, 1959). 

Though the technique of growth analysis was 

used extensively in most of the crops, less information 

is available in castor. An attemp was, therefore, made 

to review the available literature on growth analysis in 

castor. 

4 
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2.1 PLANT HEIGHT 

Plant height in castor is usually determined by 

the length of internodes. As the length of internodes 

and node number on primary stem increase, plants tend to 

grow tall to nearly 3 to 4 m. The internodal distance 

is hardly one to two cm in the basal nodes and increases 

gradually to as much as 30 to 40 cm at the top of the 

main stem in majority of improved cultivars, hybrids and 

their parents (DOR, 1990). The maximum internodal 

length rarely exceeds 25 cm while, in genotypes like 

Sowbhagya and VP-1 which are characterised by condensed 

internodes the maximal internodal length rarely goes 

beyond 3 cm at any point on primary stem. Samoilenko, 

(1977) reported that the range of average plant height 

in dwarf cultivars and hybrids of castor was 55 to 117 

cm compared to 140 cm in tall cultivars. 

The internodal distance and consequently the 

palnt height in castor are greatly influenced by the 

crop growing situation and season (DOR, 1990). 

Genotypes which attain 30 to 90 cm height under poor 

management conditions have been recorded to grow as tall 

as 200 cm and above in fertile soils and or under high 

level of management (DOR, 1990). A similar significant 

increase in plant height over control upto 50 kg N ha-1 

was also observed for castor genotypes viz., ·SBH-18 and 

R-8 (DOR, 1990). The planting time, growing season, 
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plant geometry etc., were also reported to exert 

substantial influence on plant height in castor (DOR, 

1990). 

Variation in plant height of sesame with date 

of sowing was also reported by several workers 

(Bhattacharya, 1973; Abdel-Rehman et al., 1980; Rao et 

al., 1985; Ghosh and Bogdi, 1986 and Narayanan and 

Narayanan, 1987). They reported more plant height in 

early sown sesame compared to late sown one. This 

increase in plant height in sesame was continuous till 

the apperance of flower buds and remains constant during 

capsule filling stage (Narayanan and Reddy, 1982). In 

case of groundnut majority of cultivars showed 

continuous increase in plant height upto 60 to 75 days 

after emergence (Madhavi, 1988). A gradual increase in 

plant height as crop ages was also observed in safflower 

(Saibabu, 1990). The effect of seed size on plant 

height was also studied in other oil seed crops. Trehan 

et al., (1977) recorded dwarf plants from small seeds 

and tall plants from bold seeds in sunflower. Such type 

of results were also reported in groundnut (Ponnuswamy, 

1985) and soybean (Singh et al, 1972). 

height 

food 

which 

The relationship between seed size and plant 

in groundnut was attributed to the presence of 

reserves in the cotyledons and the efficiency with 

the seedlings attain photosynthetic activity 

6 
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(Ponnuswamy, 1985). However, seed size did not exhibit 

any significant effect on plant height in rape seed 

(Major, 1977). 

A significant and positive association between 

plant height and seed yield was observed in castor 

(La\#reti, 1981; Muthiah et~' 1982; Turkhede et al, 

1982; Laureti, 1988; sa:chli, 1986). 

2.2 NUMBER OF NODES AND BRANCHES 

The number of nodes upto primary raceme on the 

main stem is an index of crop duration (DOR, 1990). In 

general higher the node number upto primary raceme later 

the genotype with its flowering and greater is its 

tendancy for perenniating habit. By an average, every 

node contributes about four days for flower initiation 

in primary raceme. For instance, a variety or genotype 

possessing mean node number of 12 takes about 45 to 50 

days for completion of flower initiation in the primary 

raceme of varietal population. However, node number 

varies considerably both within and among genotypes 

depending on time of planting. In some of the varieties 

grown in USSR, the stem had 5 to 12 nodes at a 30 to 100 

cm height of the stem and the length of the internode 

was 6 to 10 cm. However, the dwarf varieties showed 

short internodes 

(Moshkin, 1956; 

Samoilenko, 1975). 

measuring~ length of 1.5 to 3 cm. 

Zimmerman, 1958; PodkniChenko, 1972; 

7 



In trpics the number of nodes on the main stem 

reaches to 18 to 30 while the lateral branches may have 

5 or more nodes (Moshkin, 1986). The currently accepted 

range of variation for node number in different varie­

ties for seed certification is as follows (DOR, 1990). 

Variety Number of nodes 

1. A run a 11.5 - 12.5 

2. Bhagya 10.5 - 11.5 

3. Sowbhagya 14.5 - 11.5 

4. TMU - 5 12.5 - 13.5 

5. RC -8 16.5 - 17.5 

6. GAVC-I 14.5 - 15.5 

7. VP-I 15.5 16.5 

8. JI - 35 18.5 - 19.5 

9. 48-I 16.5 - 17.5 

In general all cultivated varieties, hybrids 

and parental lines of castor are of branching type. 

Besides genotype, a number of cultural and management 

factors during the crop growing period also exert 

profound influence on the expression of branching in 

castor. 

mustard 

Similar variation in branching of Indian 

based on varied duration was reported by 

Meharotra et al., (1976). They observed more number of 

primary and secondary branches per plant in late 

duration types than in the early ones. Irrespective of 
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the cultivar, wider spacing resulted in more number of 

branches in castor (Reddy et al., 1990). Similarly a 

decrease in number of branches per plant with the 

increase in plant populations was recorded in soybean 

(Weber et al.,1966; Costa et al.,1980; Latifi, 1980; 

Ra'1.~~tet al.,1984). Apart from spacing, nutrition also 

influenced branching. Different levels of nitrogen and 

sulphur recorded significant effect on number of 

branches in safflower (Saibabu; 1990). The pattern of 

branching and ripening in castor revealed that the 

central spikes in branching types ripen early but yield 

poorly due to small population. But it is the central 

spike of poorly branching and single spike castor 

varieties accounted for almost the entire yeild 

(Moshkin, 1956) . 

2.3 INFLORESCENCE ·· . . - ,. 

In castor, inflorescence is borne terminally on 

the main axis and lateral branches and node from which 

the first originate is a varietal characteristic (Weiss, 

1971). The main stem usually terminates in an inflore-

scence or raceme known as the first or primary spike 

which is generally the largest one in the plant, while 

the laterals terminate in secondary, tert.iQI'y and 

quarternary spikes. A distinct variation both interms 

of yield and oil content of seeds_was observed between 

the various types of inflorescence (Weiss, 1971). In 
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Poland the highest yield of seeds was obtained from the 

first racemes while the successive racemes produced 

lower yields. In USA the 100-seed weight was generally 

the greatest for primary racemes and lowest for 

secondary, tertiary and quarternary racemes. The size, 

shape and compactness of the spike also vary greatly and 

are determined by genetic constitution {DOR, 1990). 

However, the genotypic expression is influenced 

considerably by the environment in which the crop is 

grown. 

From correlation studies it is evident that the 

number of capsules per primary raceme in castor showed a 

positive and direct effect on seed yield per plant 

{Bhatt and Reddy, 1981). In case of Aruna, the primary, 

secondary and tertiary spikes constitute 78, 13 and 8 

per cent of the total seed yeild, respectively {Rao et 

al.,1981). They also reported that removal of primary 

and secondary spikes increased the contribution for 

total yield of 13 to 61 per cent and from 8 to 39 per 

cent in secondary and tertiary spikes respectively. 

Quarternary spikes produced after an orderly removal of 

tertiary, primary and secondary; primary and tertiary 

and secondary and tertiary spikes contributed 11- 35 per 

cent to the yield. However, the total yield was not 

adversely affected by the removal of spikes of any order 

{Rao et al, 1981). 

10 



2.4 DRY MATTER PRODUCTION 

Dry matter production largely depends on the 

size of photosynthetic apparatus and its efficiency. 

However, a number of cultural and management factors 

such as spacing, seed size, time of planting, crop 

season, stage of the crop growth and duration of the 

crop exert profound influence on dry matter production 

in castor. Saran and Giri (1986) reported that dry 

matter production per leaf or plant in the late sown 

crop was more in castor. The influence of spacing or 

plant population on growth of determinate soybean 

indicated that the fresh weight and total dry weight to 

be maximum at a spacing of 7.6 cm or less (Webber et 

al.,1966; Herbert and Literfiled, 1984; Raml seu~ et 

al.,1985). However, the dry matter production per plant 

was decreased for corresponding increase in plant 

population (Enyi, 1973). 

Variation in dry matter production with seed 

size was studied by Singh et al.,1972 in soybean. They 

observed higher dry matter production in plants raised 

from larger seeds compared to the plants grown from 

smaller seeds. Dry matter production in early sown 

sunflower, groundnut and sesame was more compared to 

late sown crop (Sangoil and Silva, 1985; Bell, 1986) • 

Nearly a month delay in sowing 

recorded 58 to 67 per cent more dry matter accumulation 

11 



in leaf and whole plant respectively. However, Jankins 

and Leitch (1986) reported that the pattern of dry 

matter accumulation in winter oil seed rape was affected 

to a large extent by sowing date but no significant 

effect was recorded on total dry matter production at 

final harvest. 

The effect of crop season on dry mat.ter 

production elucidated that its proportion in the repro-

ductive parts of sesame would be high during summer 

compared to winter season (Narayan and Narayanan, 198 7) . 

The changes in dry matter production in the 

ontogeny of mustard (Chaturvedi et al.,1985) and soybean 

(Anderson and Vasilas, 1985) indicated that it was more 

during pod formation stage, which further depends on the 

duration of pod formation stage. In sesame the rate of 

phytomass production will be slow upto flowering (16 per 

cent of total dry matter) compared to 80 p er cent at 

reproductive phase (Reddy and Narayanan, 1987). 

Safflower also accumulates dry matter slowly upto 30 DAS 

and · increases significantly thereafter upto 90 DAS 

( Saibabu, 1990) . 

2.5 DRY MATTER PARTITIONING 

Crop yield depends on the ability of the crop 

to assimilate dry matter and on that of economic sink to 

accept the dry matter produced. Shibles and Weber (1966) 

12 



and Uprety, et al (1980) indicated that grain yield was --
not only influenced by total dry matter production but 

also the manner in which the photosynthates are distri­

buted within the plant. William et al.,(1975) observed 

a decline in leaf weight at maximum vegetative growth 

stage while the stem weight remains constant. In their 

studies Williams et al.,(1975) further indicated that 

peak kernel growth had to occur for higher yield in 

groundnut. Duncan et al., (1978) opined that a large 

part of the yield difference among the peanut cultivars 

with nearly the same crop growth rates was associated 

with differences in partitioning of daily photosynthates 

and that in a high yielding cultivar more of the daily 

assimilate production was apportitioned to the develo­

ping fruits. Hence the most influential physiological 

factor in yield determination would be partitioning of 

photosynthates during pod filling. 

2.6 GROWTH ATTRIBUTES 

Growth analysis in crop plants was first 

studied by British Scientists (Blackman 1919; Briggs, 

Kidd & West 1920; Williams 1946; Watson 1952; Combe 

1960; and Blackman 1968). In recent times it has become 

an important technique of considerable value in ecophy­

siological studies. Though the term growth can be 

defined 

it can 

as irreversible change in size, 

be described by estimating 

mathematically 

the dry matter 

13 



production in plants. The dry weights in ecology are 

usually referred as primary values. These values are 

basically important in analysing crop growth through the 

standard method of growth analysis. 

2.6.1 Leaf Area Index (LAI) 

Leaf area index is a suitable index for active 

growth, particularly, at vegetative phase. Watson 

(1947) attributed increased leaf area for increase in 

phytomass and concluded that variation in leaf area is a 

supporting factor in determining the differences in 

phytomass accumulation. Shibles and Webber (1965) 

reported an increase in phytomass production with an 

increase in LAI in soybean. However, the rate of 

phytomass production declines at higher levels of leaf 

area index. 

Marked variation among varieties of Indian 

mustard with respect of LAI were observed by Meharotra 

et al.,(1976). They recorded the lowest LAI in short 

duration var~ties, while Prasad and E~hanullah (1990) 

observed an increase in LAI with the increase in 

frequency of irrigation at later stages of crop growth 

in mustard and rape seed. 

In case of sunflower the leaf area was maximum 

at flowering and minimum at harvesting stage and almost 

intermediate at early stages of crop growth. However, 

14 



EC 68415 recorded more LAI than EC 68414 at all stages 

of crop growth. 

2.6.2 Relative Growth Rate {RGR) 

Relative growth rate as a physiogical paraceter 

of growth analysis was first suggested by Gregory .1917) 

and West et al., (1920). Subsequently Williams (1946) 

and Walldce and Mungar (1965) contributed a great deal 

in finding its trend and significance in relation to 

other parameters. Koller et al., (1970 } reported that 

an increase in RGR was the result of greater demand for 

assimilates in rapidly growing soybean crop. In case of 

sunflower varieties (EC 68414 and EC 68415) the values 

for RGR were more during early growth stages and 

decreased gradually to a minimum at harvesting stage 

(Vidyasagar, 1979). 

2.6.3. Crop Growth Rate {CGR) 

The magnitude of variation for CGR has been 

studied by several workers in soybean. Enyi (1973) 

reported lower values of CGR for the genotypes with long 

reproductive phase when compared to the genotypes with 

short reproductive phase. 

2.6.4 Net Assimilation Rate {NAR) 

Considerable differences, among the varieties 

of Indian mustard were reported for NAR (Meharotra et 
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al.,1976). It was generally low at pre-flowering stage 

than at active flowering stage. It further exhibited a 

considerable decline at pod maturation or late flowering 

stage in the early and late varieties respectively. 

2.7 YIELD 

Yield in castor is a highly variable factor and 

varies with the genotype, the cultural and management 

practices adopted and also the parameters like plant 

height, number of branches and nodes, length of spike, 

capsule per spike and other important growth attributes. 

Rao and Singh {1988) reported that cultivar Aruna is 

significantly superior over Sowbhagya with reference to 

seed yield. This was attributed to the maximum contri­

bution of tertiaries to the extent of 45% of the total 

yield. Moreover, the spike flowers and matures before 

the rainy season due to the short stature of Aruna. In 

case of Sowbhagya the contribution of primaries would be 

50 per cent to the total yield, while the tertiaries 

mature under stress conditions due to its late duration. 

The mere number of capsules per plant and 100 seed 

weight in Bhagya excelled the other varieties in 

recording higher seed yield {Kale et al. ,1986). 

Higher seed yield in castor can be achieved 

with increased levels of irrigation, fertilization and 

at plant density of 3,7000 to 5,5555 plants per hectare 
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(Rao and Venkateswarlu (1988). But in delayed sowing 

plant density did affect seed yield (Laureti, 1983). 

However, the decrease in seed yields in late sown crop 

was attributed to the reduction in plant height, panicle 

length and proportion of filled capsules (Turkhede 

et al., 1982). 

Froc path coefficient analysis it is obvious 

that ~eed yield was directly influenced by number of 

capsules per 

plant (Sachli, 

primary raceme and number of seeds per 

1986). Moreover the plant height, number 

of nodes upto the main infiorescence, number of days to 

flowering, length of first raceme, length of female 

portion of the inflorescence 100 seed weight and oil 

content had a positive association with seed yield in 

castor (Laureti, 1981 and Muthiah et al., 1982). 

2.8 HARVEST INDEX 

The term "biological yield" was proposed by 

Nichiporovich to represent the total dry matter accumu­

lation of a plant system. Similarly "economic yield" 

and "agricultural yield" have been used interchangeably 

to refer to the volume or weight of those plant organs 

that comprise the product of economic or agricultural 

value. The proportion of biological yield represented 

by economic yield has been called the "coefficient of 

effectiveness", the migration coefficient, and the 

"harvest index". In groundnut Natarajaratnam (1979) 

17 



expressed that HI was highly correlated with yield and 

high harvest index indicated a favourable partitioning 

of dry matter to pods. 

Singh et al.,(1978) observed significant 

differences among the genotypes of groundnut with 

respective biological yield, number of pods per plant, 

harvest index, 100-kernal weight and shelling out turn. 

Hiremath et al., (1984) observed varietal difference in 

groundnut and concluded that photosynthetic rate 

influenced pod yield through total dry matter and 

harvest index. Similarly colasante and Costa (1981) 

studied variability in harvest index of 20 soybean 

cultivars from differnt maturity groups. They observed 

high harvest index for early cultivars compared to the 

late maturing cultivars. Velu and Krishna (1985) 

observed wide variations in harvest index among the 

varieties of groundnut. 
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CHAPTER III 

MATERIALS AND METHODS 

The present study was conducted at college 

farm, Rajendranagar, Hyderabad during Kharif, 1990. 

Seeds of the cultivars viz., Aruna, 48-1, PCS-3, 

Sowbhagya, VP-1 and were obtained from the Regional 

Agricultural 

Hyderabad. 

Research Station (RARS) Palem, APAU, 

The field trial was conducted following 

Randamised Block Design (RBD) with five treatments 

replicated four times. 

The size of the plot was 4m X 4m and the 

spacing adopted was 90cm x 50cm as per the recommenda-

tions of RARS, Palem, APAU. All the recommended package 

of practices were adopted. Necessary prophylactic 

measures were taken up by applying the crop with dithane 

M-45 and bavestin to control seedling blight. 

GROWTH CHARACTERS 

For the purpose of non-destructive analysis 

five plants at a stretch in each plot were selected in 

the middle of the plot and were labelled. These plants 

were used for recording data on plant height, stem 

girth, number of leaves, number of nodes and branches, 

length of the spike, nodes at which spike formed and 
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yield components. For destructive analysis viz., 

estimation of dry matter accumulation and measurement of 

leaf area, five plants in each plot were sampled at 

different growth stages. All the above observations 

were made at 30, 60, 90 days after sowing and at 

maturity. 

3.1 PLANT HEIGHT 

Height of the plant was recorded from ground 

level to the top of growing poirit and expressed in cm. 

3.2 STEM GIRTH 

The stem girth was measured with the help of a 

vernier calipers and represented in cm. 

3.3 STEM HOLLOWNESS 

The stem hollowness (mm) was calculated from a 

known length of stem piece with mercury. The amount of 

mercury occupied in the hollow portion of stem was 

collected separately and its weight was recorded. From 

this data the volume of the stem was calculted by using 

the following formula. 

Weight of mercury 
Volume (V) 

density of mercury (13.6) 

From this volume the hollowness was calculated as 

follows. 
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r = ~ J -nh-
Diameter (mm) r X 2 

3.4 NUMBER OF LEAVES, BRANCHES AND NODES (PER 
PLANT) 

At all the observations the number of primary, 
" 

secondary and tertiary branches, the number of leaves 

and the number of nodes on each branch were counted and 

recorded. 

3.5 NODES AT WHICH THE SPIKES DEVELOPED 

The nodes at which the primary, secondary and 

lateral spikes developed was recorded. 

3.6 LENGTH OF THE SPIKES 

The length of the primary, secondary and 

lateral spikes was measured and recorded in cm. 

3.7 WEIGHT OF THE SPIKES 

The weight of different spikes was recorded at 

different growth stages and expressed in grams. 

3.8 100-SEED WEIGHT 

For this purpose first an unknown size of the 

seed sample was weighed and the number of seeds in the 
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above sample was counted. Based on this data the 100 
seed weight was calculated and recorded in grams. 

3.9 SEED YIELD 

The net yield per plant and m- 2 area basis was 
calculted and expressed in grams. 

3.10 HARVEST INDEX(%) 

Economic yield 
HI = ---------------- x 100 

Biological yield 

3.11 LEAF AREA 

The leaf area at different gorwth stages was 
estimated with the help of a leaf area meter and 
expressed in cm 2 (LI-3100, Lincoln, Nebraska, USA). 

3.12 DRY MATTER PRODUCTION 

For this purpose the plants sampled at all 
observations were separated into leaf and stem and then 
kept in hot air oven at a temperature of 75° C till 
constant weight was attained and the weights were 
recorded in grams. 

3.13 DAYS TO 50 PER CENT FLOWERING 

Days required from sowing to 50 per cent 
flowering were recorded when 50 per cent of the total 
plants in the individual plots reached flowering stage. 
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3.14 GROWTH ANALYSIS 

All the growth parameters were analysed in 

applying formulae as described by Watson (1952). 

Radford (1967) and Sestak et al. (1971). 

3.14.1 Leaf Area Index 

Leaf area 
LAI --------------

Unit larid area 

3.14.2 Leaf Area Ratio (cm2 g-1 ) 

Leaf area per plant 
LAR = ----------------------

Total plant dry weight 

3.14.3 Specific Leaf Area (cm2 g-1 ) 

Leaf area 
SLA ---------------

Leaf dry weight 

3.14.4 Specific Leaf Weight (g -2 cm ) 

Leaf dry weight 
SLW ------ ---------

Leaf area 

3.14.5 Leaf Weight Ratio 

Leaf wight 
LWR = -----------

Plant weight 



3.14.6 Relative Growth Rate (g g-l day-1 ) 

RGR = 
loge_w1_-_loge_w2_ 

(t2-t1) 

where w1 and w2 are the natural logorithemic 

values of dry weight at time t 1 and t 2 , respectively. 

3.14.7 

and tz 

3.14.8 

Crop Growth Rate (g m-2 day-1 ) 

_w2_-_w1_ 1 
CGR X 

tz - t1 p 

where w1 and w2 are the dry weights 

respectively and P is the land area. 

-2 -1 Net Assimilation Rate (g dm day ) 

at time t 1 

NAR 
(loge_L2_-_loge_L1 ) 

Lz - Ll 

where w1 and w2 are plant dry weights and L1 , 

L2 are leaf area values at times t 1 and t 2 respectively. 

3.15 OIL PER CENT 

The percentage of oil in the seed was estimated 

for all the treatments with the help of nuclear magnetic 

reronance (NMR) equipment. 
~ 
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3.16 STATISTICAL ANALYSIS 

The results were analysed as per the standard 

statistical procedure outlined by Panse and Sukhatme 

( 196 7). 

3.17 M4TEOROLOGICAL DATA 

~6teorological data pertaining to rainfall, 

relative humidity, sunshine, wind velocity etc. 

recorded during the period of experiment was given in · 

the Appendix. 

2 C' 
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Table 1: Plant height in five castor cultivars at 
diffrent growth stages 

======================================================== 
Plant height (cm) 

Cul ti vars 
30 DAS 60 DAS 90 DAS Maturity 

A run a 20.50 106.25 177.52 226.45 

48-1 20.10 104.35 175.25 224.51 

Pcs-3 19.95 103.75 172.56 223.25 

Sowbhagya 17.52 75.45 120.25 135.45 

VP-1 16.95 71.25 115.35 120.26 

CD ( 5io) 1.18 0.89 1.47 1.89 

======================================================= 
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CHAPTER IV 

RESULTS 

The results pertaining to the growth analysis 

of five castor cultivars are presented in this chapter. 

4.1 PLANT HEIGHT 

Generally plant height in castor exhibited an 

increasing trend at all growth stages (Table 1). The 

magnitude of increase in plant'height was more (79 per 

cent) between 30 and 60 days after sowing compared to 

other observations in all the five cultivars. Among the 

cultivars, Aruna recorded significantly higher values 

(226.5 cm) followed by 48-1 (224.5 cm) and PCS-3 (223.3 

cm). The plant height was minimum 

(120.3 cm). 

4.2 STEM GIRTH 

in CV. VP-1 

The cultivars had also a continous increase in 

stem girth till theyattain harvestable maturity. The 

cultivaral idfference for stem girth was significant at 

all observations except at harvest (Table 2). Among the 

cultivars, Sowbhagya and PCS-3 recorded significantly 

higher values for stem girth compared to other 

cultivars. Among the cultvars, Aruna recorded consiste­

ntly the minimum values in comparison with other 

cultivars. 

27 



Table 2: Stem grith and stem hollowness of five castor cultivars at diffrent 
growth stages 

=============================================================================== 
Stem grith (cm) Stem hollowness (mm) 

Cultivars -------------------------------- ---------------------------------
30 DAS 60 DAS 90 DAS Maturity 30 DAS 60 DAS 90 DAS Maturity 

Aruna 1.67 

48-1 . 1. 92 

Pcs-3 1. 70 

Sowbhagya 1.69 

VP-1 1.83 

CD (5%) 0.70 

2.55 

3.25 

3.89 

3.32 

2.77 

0.66 

2.87 

4.12 

4.59 

5.01 

4.27 

0.73 

4.41 

4.56 

5.01 

5.29 

4.57 

NS 

0.80 

1.66 

0.75 

1.10 

0.69 

0.36 

3.66 

3.47 

4.22 

5.25 

3.50 

0.94 

5.65 

7.25 

6.19 

7.16 

5.50 

1.24 

5.40 

4.75 

5.57 

5.35 

5.12 

NS 

==========================-====-==========-==-================================= 
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4.3 STEM HOLLOWNESS 

Similar to plant height and stem girth, stem 

hollowness increased upto 90 DAS and thereafter showed a 

declining trend in all the cultivars (Table 2). The 

initial significant difference observed at 30, 60 and 90 

DAS was levelled off at maturity. However, the maximum 

value of 7.25 mm shown by cv. 48-1, was decreased to 

minimum value of 4.95 mm at harvest. On an averaage 

stem hollowness was low in Aruna compared to other 

cul ti vars. 

4.4 DAYS TO 50 PER CENT FLOWERING 

The data indicated that the cultivars differed 

significantly for the days taken to flowering (Table 3). 

Flowering was early in PCS-3 (36 days) compared to 

Sowbhagya which took more number of days to 50 per cent 

flowering (53 days) compared to 48-1 (50 days), VP-1 (47 

days~ and Aruna (40 days) respectively. 

4.5 NUMBER OF NODES 

At all growth stages the number of nodes 

increased continuously in all the cultivars (Table 4). A 

comparision of the cultivars indicated that Sowbhagya 

and VP-1 recorded significantly higher values compared 

to others. The lowest number of nodes was observed in 

cv, Aruna. The per cent increase in nodal number in 

Sowbhagya was around 28 over Aruna. 
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Table 3: Days to 50% flowering in five castor cultivars 

Cul ti vars Days to 50io flowering 

Aruna 40 

48-1 50 

Pcs-3 36 

Sowbhagya 53 

VP-1 47 

CD (5%) 2.12 



Table 4: Number of nodes in five castor cultivars at 
diffrent growth stages 

======================================================== 
Number of nodes 

Cul ti vars 
30 DAS 60 DAS 90 DAS Maturity --------------------------------------------------------

A run a 4.10 9.50 10.75 12.25 

48-1 4.00 11.60 14.75 16.50 

Pcs-3 3.75 9.75 11.12 13.50 

Sowbhagya 3.90 10.25 12.00 14.62 

VP-1 3.60 10.50 14.25 15.50 

CD (5%) 0.48 1.68 2.03 2.80 

======================================================= 
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4.6 NUMBER OF BRANCHES 

The data revealed that the number of branches 

differed significantly among the cultivars. (Table 5). 

Aruna recorded maximum number of primary (3.6) and 

tertiary (6.8), while VP-1 recorded the minimum number 

of primary (2.3), secondary, (2.5) and tertiary (3.1) 

branches. However, the number of secondary and tertiary 

branches were maximum in PCS-3 (3.6) and 48-1 (3.4) 

respectively. 

4.7 NUMBER OF LEAVES 

In all the cultivars the number of leaves 

followed the similar trend on observed in plant height, 

stem girth and number of nodes (Table 6). The cultvars 

differed significantly for number of leaves at all 

stages except at 30 DAS. However, there was a 

remarkable increase in the number of leaves between 90 

DAS and maturity. The per cent of increase was nearly 

35 in Sowbhagya followed by PCS-3 and Aruna. 

4.8 LEAF AREA 

All the cultivars exhibted an increase in leaf 

90 DAS followed by a 
'( 

maturity area upto decease at 

(Table 7) • In all the cultivars the per cent of 

increase in leaf area was maximum (68 per cent) between 

60 and 90 DAS. At all observations the trend of 

; 
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Table 5 Number of primary, secondary and teritiary 
branches in five castor cultivars at maturity 

========================================================= 
Number of branches 

Cul ti vars 
Primary Secondary Tertiary 

Aruna 3.6 3.5 6.8 

48-1 3.2 3.4 6.5 

Pcs-3 3.4 3.6 6.3 

Sowbhagya 2.5 2.8 3.2 

VP-1 2.3 2.5 3.1 

CD (5%) 0.52 0.82 0.69 

======================================================== 
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Table 6: Number of leaves in five castor cultivars at 
diffrent growth stages 

======================================================== 
Number of leaves 

Cultivars 
30 DAS 60 DAS 90 DAS Maturity --------------------------------------------------------

A run a 6.35 10.50 34.77 41.60 

48-1 6.33 11.00 25.62 35.75 

Pcs-3 6.55 g·. 25 22.12 43.87 

Sowbhagya 6.20 10.25 26.50 46.75 

VP-1 6.40 9.50 17.37 25.50 

C 'D (5%) NS 1.50 2.16 1.86 

======================================================= 
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Table 7: Leaf area and leaf area index in five castor cultivars at diffrent 
growth stages 

=================================2================================================ 
Leaf area (cm ) Leaf area index 

Cultivars ----------------------------------- --------------------------------

A run a 

48-1 

Pcs-3 

30 DAS 60 DAS 90 DAS Maturity 

192.96 1151.25 3878.10 2811.74 

245.50 1432.97 4540.16 3229.73 

220.17 1697.75 5473.37 2823.95 

Sowbhagya 175.60 1508.40 4747.10 2255.20 

VP-1 

CD (5%) 

190.71 966.07 2343.37 2121.82 

NS 660.70 2365.86 NS 

30 DAS 60 DAS 90 DAS Maturity 

0.042 0.250 0.85 0.620 

0.054 0.310 1.00 0.710 

0.050 0.370 1.201 0.620 

0.038 ~.330 1.004 0.490 

0.042 0.220 0.51 0.460 

0.004 0.047 0.108 0.029 

====================================================-=======------==----- - ---------
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increase in leaf area was inconsistent among the 

cul ti vars. But cv.48-1 recorded maximum leaf area (246 
2 cm ) at 30 DAS and retained more area (3230 cm 2 ) at 

maturity compared to other cultivars. The values for 

leaf area were the lowest in cv.VP-1. 

4.9 LEAF AREA INDEX 

A close look at the data indicated that LAI 

differed significantly at all observations in all the 

cultivars (Table 7). The LAI followed a similar trend 

to that of leaf area. It was again cv.48-1 that 

recorded higher values for LAI (0.71) and the minimum 

was in VP-1 (0.46). 

4.10 DRY MATTER PRODUCTION 

4.10.1 Leaves 

The data indicated that dry matter production 

in leaves increased significantly upto 90 DAS and at 

maturity it showed a declining trend (Table 8). The per 

cent of increase in dry matter was more between 30 and 

59 DAS rather than at 60 - 89 DAS. All the cultivars 

showed a decrease of 50 - 60 per cent in dry matter 

production of leaves at maturity. The cultivars 

Sowbhagya, 48-1 and Aruna recorded significantly higher 

values compared to others. 
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Table 8: Dry matter production of five castor cultivars at diffrent growth stages (g) 

aaaaaamaaaaam==========================a============a============================================================ 
Dry matter production 

Cultivars Leaves/plant Stem/plant Total/m 2 

30 DAS 60 DAS 90 DAS Maturity 30 DAS 60 DAS 90 DAS Maturity 30 DAS 60 DAS 90 DAS Maturity 

Aruna 1.78 16.95 27.85 11. 30 0.72 20.75 41.65 105.25 5.50 86.77 227.74 374.26 

48-1 1.89 17.23 28.45 12.34 0.75 19.74 39.89 l 02. 2 5 5.80 84.08 209.97 354.83 

Pcs-3 1.65 16.12 27.24 11. 12 0.76 19.85 40.35 104.01 5.31 81.40 209.20 359.58 

Sowbhagya 1.90 17.82 28.78 12.78 0.85 21.45 42.62 106.25 6.05 388. 63 195.45 346.23 

VP-1 0.89 12.52 18.56 8.92 0.68 17.75 35.25 85.65 3.45 70.22 168.10 292.31 

CD (5%) 0.104 0.47 1.60 1.20 0.11 1.43 1.85 4.71 0.345 4.15 3.63 3.44 

================================================================================================================= 
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4.10.2 Stem 

Unlike leaves, the dry matter production in 

stems of all the genotypes had a significant and 

continous increase upto maturity in all the cultivars 

(Table 8). The per cent of increase in all the 

cultivars was more (60 to 70 per cent) between 90 DAS 

and maturity. Similar to leaves, the dry matter 

production in stem was more in cv, Sowbhagya and Aruna 

compared to others. 

4.10.3 Total Dry Matter Production 

A close look at the data further indicated that 

total dry matter production in all the cultivars showed 

a significant and continous increase upto maturity 

(Table 8). The per cent of increase in all the cultvars 

was more (60 - 70 per cent) from 90 DAS which corres­

ponds mainly t~the capsule formation stage. The culti­

vars Aruna, PCS-3 and 48-1 recorded signficantly higher 

values compared to others. The proportion of photosyn­

thates partitioned was more (60 - 67 per cent) into stem 

followed by spikes (24 - 30 per cent) and leaves ( 6 - 7 

per cent) respectively (Fig. 1). 

4.11 LEAF AREA RATIO CLAR) 
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From the data it is obvious that there were two 

peaks in the values for LAR in all the cultivars (Table q). 

The first and second peaks were at 30 and 90 DAS 
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Table 9: Leaf area ratio and leaf weight ratio in five castor cultivars at 
diffrent growth stages 

==================================2==-r======================================= 
Leaf area ratio (cm g ) Leaf weight ratio 

Cul ti vars ------------------------------- --------------------------------
30 DAS 60 DAS 90 DAS Maturity 30 DAS 60 DAS 90 DAS Maturity 

A run a 77.18 29.18 37.46 13.75 1. 56 0.94 0.59 0.14 

48-1 92.99 37.49 47.57 20.02 1.56 0.99 0.65 0.17 

Pcs-3 83.33 45.88 57.55 17.28 1.49 0.95 0.63 0.15 

Sowbhagya 63.85 37.43 53.43 17.86 1.52 0.96 0.72 0.18 

VP-1 121.12 30.26 30.66 15.96 1.23 0.85 0.53 0.15 

CD (5%) 44.42 2.40 2.93 1.86 0.64 0.04 0.01 0.004 

-=-=====================================-----===------==------- ---- - - -----
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respectively. However, the cultivars differed signifi­
cantly at all observations. Among the cultivars 48-1 

maintained higher values for LAR and it was minimum in 

VP-1. During the second spell of increase the cvs, 

Sowbhagya and PCS-3 also recorded higher values. 

4.12 LEAF WEIGHT RATIO 

Generally the cultivars showed a significant 

decrease as crop advanced age (Tableq ). In all the 

cultivars there was remarkable decrease in the values 

for LWR at .maturity. However, cvs, Sowbhagya and 48-1 

recorded maximum value at 30 and 60 DAS, while it was 

minimum in VP-1. 

4.13 SPECIFIC LEAF AREA 

From the data it is obvious that SLA increased 

significantly at all observations except at 60 DAS 

(Table\O ). Almost all the cultivars showed a similar 

trend in recording values for SLA. However, cv, 48-1 

recorded the highest values followed by PCS-3 and VP-1. 

4.14 SPECIFIC LEAF WEIGHT 

In general, the specific leaf weight increased 

gradually upto 60 DAS followed by gradual decline 

(TablelO). All the cultivars differed significantly at 

all growth stages for the values of SLW. The cultivars 
also did not show a constant trend at different observa·· 
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Table 10: Specific leaf area ratio and specfic leaf weight ratio in five 
castor cultivars at different growth stages 

===================================2==-1==================================-2== 
Specific leaf area (cm g ) Specific leaf weight(mg cm ) 

Cultivars -------------------------------- --------------------------------
30 DAS 60 DAS 90 DAS Maturity 30 DAS 60 DAS 90 DAS Maturity 

A run a 108.40 67.99 139.24 199.50 9.22 14.72 7.18 5.01 

48-1 129.89 83.16 159.58 261.72 7.69 12.02 6.26 3.86 

Pcs-3 138.84 105.31 200.93 253.95 7.19 9.47 4.97 4.33 

Sowbhagya 92.41 84.64 163.64 220.00 10.82 11.81 6.09 4.54 

VP-1 214.29 77.16 126.25 237.87 4.66 12.95 7.92 4.20 

CD (5%) 3.81 3.74 4.22 4. 30 0.27 1.06 0.28 0.48 

===============================================-=-=----===---------- -----------

~ 
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tions. It was Sowbhagya, Aruna and VP-1 recorded 

maximum values at 30, 60 and 90 DAS respectively, 

whereas VP-1, 48-1, PCS-3 recorded low values at 30 DAS, 

60 DAS and maturity respectively. 

4.15 

for 

1.1\). 

CROP GROWTH RATE (CGR) 

A close look at the data indicated that values 

CGR showed a steady increase upto 

The cultivars also exhibited 

harvest (Table 

a signficant 

difference at all growth stages. The CGR was maximum in 

Sowbhagya, PCS-3 andAruna whereas VP-1 recorded minimum 

values for CGR. 

4.16 RELATIVE GROWTH RATE (RGR) 

The cultivars did not exhibit any significant 

difference for the,RGR estimated at the different growth 

stages. However, in all the cultivars RGR, however, had 

a decreasing trend as crop advanced age (Table 19..). 

4.17 NET ASSIMILATION RATE (NAR) 

It is quite interesting to note that NAR also 

followed a similar trend to that of RGR, but it was 

signficant among the cultivars compared to non­

significant values in the latter one (Table l'B..). Though 

the cultivars showed simlar trends, the values were 

maximum in Aruna (0.74 to 2.29) compared to the lowest 

(0.59 to 1.57) in PCS-3. 
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Table 11 : Crop growth rate in five castor cultivars at 
diffrent growth stag~s 

========================================_.,.. ===-,======~ 
Crop growth rate (gm.a day~ ) 

Cultivars ----------------------------------------
30-59 60-89 90-Maturity 

DAS DAS 

A run a 2.70 4.68 4.88 

48-1 2.60 4.20 4.81 

Pcs-3 2.53 4.25 4.99 

Sowbhagya 2.75 3.52 5.02 

VP-1 2.22 3.26 4.07 

CD (5%) 0.11 0.12 0.35 

======================================================= 
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Table 12: Relative growth rate and net assimilation rate of five 
Castor cultivars at different growth stages 

======================================================================== 
Relativ~1growt~ rate 

{g g day } 
Net assim!~atio~1 ratfe {g dm day } 

Cul ti vars ----------------------------- -----------------------------

A run a 

48-1 

Pcs-3 

Sowbhagya 

VP-1 

CD {5%} 

30-59 
DAS 

0.090 

0.089 

0.087 

0.089 

0.100 

NS 

60-89 
DAS 

0.030 

0.030 

0.030 

0.026 

0.030 

NS 

90-Maturity 

0.016 

0.017 

0.018 

0.019 

0.018 

NS 

30-59 
DAS 

2.29 

1.76 

1.57 

2.00 

2.11 

0.16 

60-89 
DAS 

0.94 

0.70 

.0.60 

0.56 

0.95 

0.04 

90-Maturity 

0.74 

0.56 

0.59 

0.52 

0.82 

0.03 

======================================================================= 
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Table 13 Nodes at which spikes form in five castor 
cul ti vars 

======================================================== 
Nodes at which spikes form 

Cultivars 
Primary Secondary Lateral 

A run a 12.25 4.00 3.75 

48-1 16.50 4.75 4.00 

Pcs-3 13.50 5.12 4.37 

Sowbhagya 14.62 5.25 3.97 

VP-1 15.50 5.25 6.30 

CD (5%) 2.80 0.74 1.23 

-======================================================= 



4.17 NODES AT WHICH SPIKES FORM 

The nodes from which the · spikes developed 

differed signficantly in all the cultivars (Table 1'3). 

The primary, secondary and tertiary spikes of all the 

cultivars were positioned on the top nodes of primary, 

secondary and tertiary branches respectively. This 

ranking has slightly changed for position of lateral 

spikes. It was in VP-1 the lateral spike positioned on 

6.30 node of secondary spike. In Aruna, all the spikes 

were positioned on lower nodes compared to 

cultivars. 

other 

4.19 LENGTH OF SPIKES 

a significant difference in the 

secondary and lateral spikes at 

stages (Table 14). Among the 

There was 

length of primary, 

different growth 

cultivars, VP-1 

spike (36.87) 

(22.9). The 

recorded maximum length for primary 

while, Sowbhagya had the lowest value 

cultivaral difference for the length of 

secondary 

Aruna and 

recorded 

(9.50) it 

(15.50). 

spike showed variations. It was maximum in 

the minimum was in PCS-3. Though Aruna 

maximum length of lateral spikes at 90 DAS, 

was the highest value in VP-1 at maturity 

The minimum length of lateral spike was 

observed in PCS-3 (8.87). 
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Table 14: Length of primary, Secondary and lateral spikes in five castor cultivars at diffrent growth stages 

======================================-====================================== 
Cultivars 

A run a 

48-1 

Pcs-3 

Sowbhagya 

VP-1 

CD (5%} 

Length of primary 
spike (cm} 

60 DAS 90 DAS Maturity 

8.87 26.25 

4.65 25.87 

13.50 31.87 

4 •00 20. 87 

9.60 35.62 

3.24 6.84 

27.57 

27.12 

33.79 

22.29 

36.87 

4. 34 

Length of secondary 
spike (cm} 

Length of lateral 
spike (cm} 

90 DAS Maturity 90 DAS Maturity 

25.25 

18.37 

14. 75 

16.62 

22.00 

8.35 

25.50 

18.25 

15.50 

16.95 

22.62 

8.70 

9.50 

3.80 

6.12 

5.40 

8.87 

5.37 

14.25 

12.45 

8.87 

12.00 

15.50 

1.30 
============================================================================= 
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Table 15: Weight of primary, scondary and lateral spikes 
in five castor cultivars at diffrent growth 
stages 

=========================================================-

Cul ti vars 

A run a 

48-1 

Pcs-3 

Sowbhagya 

VP-1 

CD (5%) 

Weight of primary 
spike (g) 

60 DAS 

1.74 

1.25 

1.03 

1.02 

1.16 

0.16 

90 DAS Maturity 

22.62 

18.75 

21.25 

12.35 

18.50 

1.25 

25.45 

20.25 

24.90 

18.33 

20.05 

1.32 

Weight of lateral 
spikes (Secondary 
and lateral) ( g) 

90 DAS Maturity 

11.40 

8.35 

6.25 

4.92 

4.10 

0.85 

28.12 

26.25 

23.37 

20.02 

18.25 

1.40 

=======================================================-== 
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4.20 WEIGHT OF SPIKES 

The data revealed a significant increase in the 
weight of spikes as crop advanced in age (Tablel? ). 
The weight of primary spike was maximum between 60 and 
90 DAS (17.5 g) compared to growth stages between 90 DAS 
and maturity ( 3g). For both the spikes the weight was 
maximum in Aruna (28.12 g) compared to other cultivars. 
The weight of the primary,· and secondary spikes 
including total ones was minimum in Sowbhagya (38.35 g) 
and VP-1 (38.3 g) respectively. 

4.21 SEED YIELD 

All castor cultivars were harvested in two 
pickings. The first picking contributed the yield from 
primary, secondary and lateral spikes, whereas the 
second picking contributed spikes other than primary 
ones. The cultivars differed signficantly for seed 
yield recorded from primary spike, and secondary and 
lateral spikes in first picking (Table 16). In Aruna, 
PCS-3 and 48-1 the primary spike contributed maximum (23 
per cent) to the seed yield per plant compared to other 
cultivars (20 per cent). The contributions of secondary 
and lateral spikes to the total yield was also maximum 
in Aruna (79 per cent). 

AN GRAU 
Central Library 

Hyderabad 

1111111111111111111111 I II Ill 
D03991 
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Table 16: Seed yield, harvest index and 100-seed weight of five castor 
cul ti vars 

--------------~--=--~-----------==============================~================== 

Cul ti vars 

A run a 

48-1 

Pcs-3 

Sowbhagya 

VP-1 

CD (5%) 

Seed yield/ 
plant/pri­
mary spike 

( g) 

1st 
picking 

12.8 

10.1 

10.5 

5.2 

9.4 

1.06 

Seed yield/plant/ 
secondary and Total yield 
lateral spikes 

(g) (g) 

1st 
picking 

18.9 

16.6 

15.9 

6.5 

8.5 

1.2 

Second 
picking 

20.9 

19.6 

18.1 

13.4 

6.9 

2.04 

Per Per m2 
plant 

51. 2 1154.1 

46.4 1020.7 

44.5 97.9 

25.2 55.4 

24.7 544.3 

2.9 1.7 

Harvest 100 seed 
index(%) weight 

( g) 

23.6 16.5 

22.4 27.6 

21.4 23.4 

13.8 14.9 

15.7 14.3 

1.1 0.8 

===========================================----=-========--=---=--============== 
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Second Picking 

The yield relation in second picking was mainly 

from secondary and lateral spikes. Their contribution 

to the total yield was maximum in Sowbhagya (53 per 

cent) followed by Aruna (41 per cent). 

The contribution of secondary and lateral 

spikes to the total yield was minimum (27 per cent) in 

VP-1 in the second picking compared to other cultivars. 

On the whole Aruna excelled the other cultivars in 

recording higher yield followed by 48-1 and PCS-3 

(Table 16). 

4.22 

4.22.1 

YIELD COMPONENTS 

100-Seed Weight 

The data indicated that 100 seed weight also 

differed significantly among the cultivars (Table 16). 

100-seed weight was maximum in 48-1 (27.6 g) while it 

was minimum in VP-1 (14.3 g). 

4.22.2 Harvest Index 

Similar to 100-seed weight and yield, the 

values for harvest index also differed significantly 

(Table 16). A comparison of the cultivars show that 

harvest index was maximum in Aruna (23.6) followed by 

48-1 (22.4) and PCS-3 (21.4 g). The lowest value 

recorded was in Sowbhagya (13.8 g). 

52 



Table 17: Per cent of oil in ·different cultivars 
castor 

of 

======================================================= 
Cul ti vars Oil content (io) 

Aruna 51 

48-1 48 

Pcs-3 48 

· Sowbhagya 47 

VP-1 47 

CD ( Sio) 1.87 

======================================================= 
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4.23 OIL PER CENT 

The cultivars showed a significant 

in oil content (Table 17). It was maximum 

(51%) followed by 48-1 (48%) PCS-3 (48%), 

(47%) and VP-1 (47%). 

difference 

in Aruna 

Sowbhagya 
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5. l :_13CHAPTER V 

DISCUSSION 

The productivity of a crop usally depends on 

its inherent capacity for photosynthesis and photosyn-

thetic area it develops. The genotypic variation in 

productivity of a crop may be related to the parameters 

viz., net assimilation rate (NAR), crop growth rate 

(CGR), leaf area index (LAI) and partitioning of total 

photosynthates into economic and non-economic sinks. 

These tools of growth analysis were less used in 

understanding the physiological basis of yield in non-

leguminous oil seeds. An attempt was therefore made to 

exploit the physiological and morphological changes 

determining the yield in castor. 

From the results it is evident that plant 

height in castor is a varietal character. The cultivars 

viz., Aruna, 48-1 and PCS-3 can be grouped as tall 

ones, whereas Sowbhagya and VP-1 as dwarf ones (Table 

1). The decrease in plant height may be attributed to 

the condensed internodes in Sowbhagya and VP-1 where the 

maximum length of internodes rarely goes beyond 3 cm. at 

any point on the primary stem (DOR, 1990). In some of 

the reports, though plant height was measured to 55 to 

117 cm in dwarf cultivars and 140 cm in tall cultivars 

(Samoilenko, 1977), there was further exploitation in 
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plant height of Aruna and 48-1 recording more than 220 

cm while Sowbhagya and VP-1 to the value of 120 cm under 

Rajendranagar conditions. This further explains that 

castor can respond to the change in fertility status of 

the soil. The influence of crop growing situation and 

season on plant height in castor was also reported by 

DOR (1990). 

The cultivars with more plant height were 

tended to rec~1d less values fbr stem girth. It is 

apparent from the data (Table 1 & 2) that Aruna and 

Sowbhagya with a plant height of 226 cm and 135 cm 

recorded the stem girth of 4.4 cm and 5.3 cm respecti­

vely. Thus the values for other cultivars also 

indicated a negative association between plant height 

and stem girth. 

Stem hollowness is one of the conspicuous 

characters the castor genotypes possess. Though the 

cultivars showed variation for hollowness in the early 

stages, it was levelled off at the time of maturity. 

But it is quite interesting to observe from the data 

(Table 2) that greater the plant height, lesser was the 

hollowness and is apparent from the values of 4.95 cm in 

cv.48-1 which had nearly a plant height of 225 cm. The 

cultivars Aruna and PCS-3 also showed a similar 

response. From this, it is obvious that an increase in 
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plant height is associated with the decrease in stem 

girth and hollowness in castor cultivars. 

The number of nodes upto primary raceme on the 

main stem varied greatly in different cultivars. Aruna, 

PCS-3 and 48-1 recorded lesser number of nodes while 

Sowbhagya and VP-1 had higher values for number of nodes 

on the main stem (Table 4). Similar variation in node 

number was also reported in castor genotypes (DOR, 

1990). The less number of nod~s in Aruna and PCS-3 and 

more number of nodes in Sowbhagya and VP-1 was attri­

buted to short and long duration of castor cultivars 

respectively (DOR, 1990). Further, it was also reported 

that on an average every node contributed about 4 days 

for flower initiation in primary raceme of castor. A 

close look at the data also indicated that Aruna, a 

short duration cultivar exhibited profuse branching, 

whereas it was shy branching in long duration cultivar 

like VP-1. Though branching was related to duration, it 

was the number of tertiary branches contributed more to 

total number of branches. The data indicated that 

Aruna, 48-1 and PCS-3 recorded more number of tertiaries 

(Table 5). Such profuse branching in late duration 

varities compared to early types was reported in Indian 

Mustard (Meharotra et al., 1976). 

In all the cultivars, the number of leaves, 

leaf area and LAI followed a similar trend. The taller 
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ones like Aruna, 48-1 and PCS-3 recorded higher values 

for the above parameters compared to shorter cultivars 

viz., Sowbhagya and VP-1. The higher values for LAI in 

48-1, Aruna and PCS-3 might be due to more branching as 

discussed earlier in this chapter. Moreover, the 

maximum values for LAI at 90 DAS correspond to the full 

bloom stage. 

The data also indicated that there was a 

general increase in dry matter production with the 

increase in LAI. It was almost true in case of Aruna 

and PCS-3 compared to VP-1. But this increase did not 

continue beyond the values of 0.62 and is apparent in 

cv. 48-1 where the LAI of 0.71 recorded a total dry 

matter production of 350 gm- 2 compared to 374 gm 2 in 

Aruna with a LAI of 0.62. This clearly envisages that 

the optimum 

castor would 

LAI for higher dry matter 

be 0.6 for a population of 

production in 

-1 22000 ha . 

Moreover, the photosynthetic efficiency in terms of net 

assimilation rate was also more at LAI of 0.6. An 

optimum LAI for higher dry matter production was also 

reported by Shibles and Webber (1966). 

In all the cultivars, the pattern of dry matter 

accumulated in component parts indicated that the 

proportion of dry matter contributed to the total plant 

dry weight was more in stem compared to leaf (Fig 1). 

However, the total dry matter accumulated in tall 
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cultivars (Aruna, 48-1 and PCS-3) with short duration 

was more compared to dwarf cultivars with long duration 

(Sowbhagya and VP-1). The data also revealed that the 

tall cul ti vars with greater 100-seed weight (27.6 g) 

recorded more values for dry matter accumulation than 

that of dwarf one with low test weight (14.3 g). 

Similar variation in dry matter production with the 

changes in seed size was also reported in soybean (Singh 

et al., 1972) and castor (Rao, 1991). The increase in 

dry matter production during capusle formation stage was 

also observed in other crops like mustard (Chaturvedi et 

al., 1985) and soybean (Anderson and Vasilas, 1985). 

The trends observed for leaf weight ratio in 

Aruna indicated that dry matter was being partitioned 

preferentially into leaf in the early stages (30 DAS) 

and thereafter, it was more in non-leaf tissue resulting 

in descreasing leaf area ratio as the growth progressed. 

Almost an opposite trend could be observed in case of 

Sowbhagya. The similarity between LAR and LWR, except 

for a slight increase in LAR at 90 DAS, indicated that 

LAR was being affected primarily by LWR. The lesser 

changes observed in LAR compared to LWR further 

elucidated that changes in SLA were of too small to have 

much effect on trends in LAR compared to the magnitude 

of changes in LWR being affected by SLW. Such relation­

ship of LAR with SLA and LWR with SLW was reported in 

soybean too (Koller et al., 1970). 
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dry 

The amount of dry matter produced per unit 

matter (RGR) is the product of NAR and LAR. 

of 

The 

relative growth rate in all castor cultivars decreased 

as season progressed, but it was non-significant at all 

observations. From this it is obvious that neither NAR 

nor LAR could contribute for achieving significant 

difference in the values for RGR, though they (LAR & 

NAR) showed significant differences. Thus, the rate of 

photosynthates produced for a given photosyntehtic area 

might be same otherwise there would have been changes in 

RGR for the cultivars studied. Moreover, the potosyn­

thetic surfaces in castor other than leaves are less 

prominent. Such conclusion can, however, be made if 

these cultivars are once again studied under ideal 

management. 

interval 

The dry 

(CGR) is 

matter produced during 

the product of NAR 

a particular 

and LAI. It 

represents the sum of CGR's of individual components. 

Unlike RGR and NAR, the CGR showed a continous increase 

in all the cultivars (Table 11). Generally it had 

higher values in tall growing cultivars viz., PCS-3, 

Aruna and 48-1 compared to short stature cultivars viz., 

Sowbhagya and VP-1.1 Since the CGR associated changes 

are related to NAR and LAI, the increased CGR in all the 

cultivars was therefore due to more contributary effect 

of LAI rather than NAR. Though the trends followed in 
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CGR and LAI were similar upto 90 DAS, the decrease in 

LAI thereafter, indicated that during final observation 

i.e., 90 DAS to maturity, the surface area of senescing 

leaves was not considered in calculation of LAI. 

Morever, to calculate growth parameters precisely, it is 

imperative to add the weight of fallen leaves to the 

values of total above ground dry matter. 

From the data, on some of the above growth 

parameters discussed, it is further clear that the 

demand for current photosynthates by potential sinks, 

preferably the racemes, was less and thereby the NAR 

values (photosyntehtic activity) were tended to decrease 

in all the castor cultivars. Hence, the production 

potential in castor can be realized more by increasing 

the utilization of photosynthates by reproductive units 

rather than non-economic parts like stem. The increase 

in seed yield by increased demand for photosynthates 

during rapid seed development was reported by Koller et 

al., (1970) in soybean. 

The main stem in castor usually terminates in 

primary spike while the laterals terminate in secondary, 

tertiary and quarternary spikes (Weiss, 1971). In all 

the cultivars the lateral spikes contributed more to the 

total yield (60-78 per cent) than to primary spikes (20-

26 per cent). The distinct variation irferms of yield 

for the various types of spikes was also observed by Rao 
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and Singh (1988). They reported that the seed yield of 

Aruna is significantly superior over Sowbhagya and was 

attributed to the maximum contribution of tertiaries to 

the extent of 45 per cent to the total yield. The low 

yield of Sowbhagya was related to the maturity of 

tertiQI"ies under stress conditions. 

genetic determinants viz., the size, 

Further, 

shape 

the 

and 

compactness of spikes in castor vary greatly and can 

contribute to the total yield (D~R,1990). 

The data also revealed that seed yield was more 

in cultivars viz., Aruna, 48-1 and PCS-3 which were 

taller with more number of branches and took nearly 8 to 

17 days less for 50 per cent flowering compared to cvs. 

Sowbhagya and VP-1 (Table 3). A positive association of 

seed yield with plant height and early flowering was 

also reported in castor (Lauret, 1981 and Muthaih 

et al., 1982). 

The increase in yield of Aruna, 

also be attributed to higher values 

48-1 and PCS-3 

can for harvest 

Thus exploita­

plant height, 

index, 100-seed weight and oil per cent. 

tion of growth and yield attributes viz., 

number of lateral branches, crop growth 

Harvest index and 100-seed weight as yield 

rate, LAI, 

determinants 

of castor can offer greater promise to the breeders. 
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SUMMARY. 



CHAPTER VI 

SUMMARY 

The present investigation "Growth Analysis in 

Castor" was aimed at studying the cultivaral differences 

for full _ expression of physiological characters in five 

cultivars of castor viz., Aruna, 48-1, PCS-3, Sowbhagya 

and VP-1. The field experiment was conduc~ed on red 

sandy loamy soil at College of Agriculture, 

Rajendranagar, Hyderabad, during kharif, 1990. 

All the cultivars showed a significant 

difference for plant height, number of nodes, branches, 

LAI, CGR, NAR, dry matter production and yield contribu­

ting characters. 

The increase in plant height ~s associated with 

decrease in stem girth and hollowness in castor 

cul ti vars. 

The short duration cultivars viz., Aruna, 48-1, 

and PCS-3 exhibited profuse branching whereas it was shy 

branching in long duration cultivars like Sowbhagya and 

VP-1. The tertiary branches contributed more to total 

number of branches. 

The taller ones like Aruna, 48-1 and PCS-3 

recorded higher values for leaf area and LAI compared to 

dwarf cultivars viz., Sowbhagya and VP-1. The higher 

b) 
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values for leaf area and LAI in tall cultivars 

attributed to profuse branching. The dry matter 

production and net assimilatin rate was more at optimum 

LAI 0.6. 

total 

leaf. 

lated 

The proportin of dry matter contributed to the 

plant dry weight was more in stem compared to 

The 100-seed weight and total dry matter accumu­

in tall cultivars with short duration was more 

compared to dwarf cultivars with long duration. 

As growth progressed, the decline in leaf area 

ratio was attributed to more partitioning of dry matter 

into non-leaf tissue. The lesser changes in LAR 

compared to LWR further elucidated that changes in SLA 

were of too small to have much effect on trends in LAR 

compared to the magnitude of changes in LWR being 

affected by SLW. 

The RGR showed declining trend as season 

progressed, but it was non-significant at all observa­

tions. Neither NAR nor LAR could contribute for 

achieving significant difference in the values for RGR. 

Unlike RGR and NAR, the CGR showed a continuous 

increase in all the cultivars, it is attributed to be 

more contributary effect of LAI rather than NAR. The 

higher CGR values were recorded in taller cultivars 

compared to dwarf ones. 
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The decrease in LAI with a corresponding 

increase in CGR was attributed to the non-inclusion of 

surface area of senescing leaves in the calculation of 

LAI at later stages of growth 90 DAS. 

The decrease of NAR values in all the castor 

cultivars attributed to the less demand for current 

photosynthates in potential sinks. 

In all the cultivars the· lateral spikes 

contributed more to the total yield (60-78%) than that 

of primary spike (20-26%). 

The higher values for plant height, number of 

branches, CGR, LAI, harvest index, 100-seed weight and 

early flowering in cvs Aruna, 48-1, PCS-3 would have 

contributed for higher yield. 
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IIEATHER DATA 

=--=---=---============================a=-------=-=-=================-----------=------= 
0 Rainfa 11 Rainy Wind Standard Temperature C Relative humidity Sunshine Evapo-

-,eek ------------ ----------------- hrs/day (mm) days ration veloci ty 
Maxi- Mini- 7. 14am 2. 14pm ( mm/day) (kMPH) 
mum mum 

----------------------------------------------------------------------------------------
26 31. 40 22.90 80.00 36. 00 8.2 6.00 6. 00 15.30 

27 31. 10 23.10 82.00 41. 00 5.9 7. 20 2 5.40 .13. 30 

28 30.50 22. 20 85.00 42. 00 5.9 43.80 4 5.00 16. 20 

29 29.10 21.90 88.00 48.00 2.3 38. 10 4 4.30 14.40 

30 29.90 21.80 82.00 37.00 8.7 27.20 2 5.50 15.30 

31 31.90 23.00 77.00 29.00 8.5 0.00 0 6.60 9.90 

32 31.20 22.70 87.00 36.00 7. 1 51.60 2 5.00 6. 70 

33 26.60 21. 70 90.00 53.00 1.7 128.20 4 4.40 17.50 

34 28.00 21.70 86.00 41.00 4.7 18.40 2 4.10 17. 20 

35 28.50 22.00 85.00 61.00 4.8 18.30 3 3. 70 12. 10 

36 29.60 22.50 82.00 40.00 4.0 15.20 3.70 10.70 

37 30.60 22.50 80.00 34.00 7.2 12.40 4. 10 4.80 

38 31. 40 22.60 76.00 33. 00 8.3 9.00 3.80 3.90 

39 30 . 70 22.30 48.00 32.00 6.5 29.90 2 4.30 4.90 

40 28.40 21.00 82.00 39.00 6.4 62.60 3 3.80 7. 20 

41 29.90 21. 80 84.00 35.00 5.7 58.40 4.70 2.80 

42 30 . 10 16.10 69.00 26.00 10.l o.oo 0 5.30 2.90 

43 28.40 20.20 82.00 38.00 5.7 23.60 2 3.30 4.00 

44 29.50 19.50 58.00 27 .oo 10. l o.oo 0 3. 70 3.70 

45 30.00 17.70 74.00 26.00 8.7 17.00 3.90 2.00 

46 28.90 18.30 82.00 28.00 7.6 4.40 3. 70 3.60 

47 27.90 19.20 87.00 51.00 5. l 15. 20 3 1.80 2.70 
===================================~====~============================================== 
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