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Combining Ability Analysis in Sorghum* 
M. H. Patel, K. B. Desai and M. U. Kukadia 

Department of Plant Breeding & Genetics, GAU, Navsari 

ABSTRACT 
Thirty-six hybrids of sorghum (Sorghum bicolor (L.) Moench) were grown alongwith 

3 female parents (fertile counterparts of male steriles), 12 male parents and GJ 
108 and CSH 5 as checks. Additive genetic variance predominantly governed the ex­
pression of yield and components in present set of material. 

Line 2077 A was a superior female for number of grains and grain yield, where­
as SPV 228 and SPV 230 were good combiners for these characters. Specific combi­
nation 2219A x SPV 226 appeared most desirable for grain yield. 

INTRODUCTION 
The object of hybridization is to 

combine in a single genotype desirable 
genes contained in two or more geno­
types. However, the choice of the pare­
cnts and the choice of cross are the two 
basic things about which the breeder 
must have some information. Among 
several experimental designs, line X 
tester design enables the geneticist to 
evaluate large number of genotypes for 
thcir suitability as parents for hybridi­
zation. Present study reports on this 
aspect of sorghum. 

MATERIALS AND METHODS 

(Received on 23rd Oct. 1981 

randomized block design with three 
replications. GJ 108, an improved local 
variety and CSH 5 a released hybrid 
were used as check. Plot size comprised 
of 3 rows 3m long spaced 45 cm apart. 

Observations were recorded on 5 
competitive plants in each replication on 
days to 50% bloom, plant height (cm), 
length of the panicle (cm), panicle cir­
cumference (cm), panicle weight (g), 
number of whorls/panicle, number ol 
primaries/panicle, length of primary 
branch, number of primaries/ whorl, 
number of secondary branches/primary 
branch, number of grains/primary 
branch, number of grains/panicle, 1000-
grain weight (g) and grain yield/plant (g). 
Data were analysed following Kemp!­
horne (1957) and Rao et al. (1968). 

The experimental material comprised 
of 36 F, hybrids, derived by crossing 12 
diverse varieties to 3 diverse male sterile 
lines ale ngwith 15 parents (12 males and 
3 fertile counterparts of male sterile 
lines). Tbe fifty-thrcc genotypes were 

RESULTS AND DISCUSSION 
Analysis of the data revealed that 

grown in 1979 kharif season at N. M. there were singificant differences among College of Agriculture, Navsari in a the genotypes for all the attributes in-
*P~t oi HS2. (Agri.) thesis submitted by senior author to the Gujarat Agricultural Universix. 
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ABILITY ANALYSIS IN SORGHUM PATEL ET AL.: COMBINING 

vestigated (Table 1). Female parents 
also followed the same trend. R 
1968 also reported that there were no 
differences among existing females with 
regards to grain yield. Mcan squares for 
male parents were also significant for 
all characters except length of primary 
and number of secondary/primary bran­
ches. This finding is, however, contra­
dictory with the findings of Rao et al., 
(1968). It is possible that the dry spell 
which prevailed during the later part 
of the season when experiment was 
conducted led to non-significant diff­
erences among the parental lines. On 
the other hand, the hybrids differed 
significantly for all the characters indi­
eating that heterozygotes are more homeo­
static. Mean squares for parents vs. 
hybrids were also significant for all the 
characters which strongly implied hetero­
sis for these attributes. 

Almost all the characters under study 
(Table 1) revealed preponderance of 
additive genetic variance. Importance of 
additive genetic variance for grain yield 
components was also observed by White­
head (1962), Kambal (1963), Kambal 
and Webster (1965), Nichaus and Pick­
ctt (1966), Beil and Atkins (1967), Rao 
et al.(1968) and Shankargowda et al. 
(1972). On the other hand, several reports 
arc available where non-additive genetic 
variance was found to be of greater 
importance for grain yield (Nagur and 
Murty, 1970; Rao et al., 1970; Goud, 
1971; Goud et al., 1973 and Govil and 
Murty, 1973). It depends on the materi­

sd wneuner Jadiuve genetic vari­
ancc or the non-additive genetic variance 
is important because the gene fre­
quenccs and degrcc of dominance in­

luence the magnitude of the components 
of genotypic variances. 

fhe estimates of combining ability 
effects for grain yicld and number of 

grains revealed that 2077A was most 
desirable female and SPV 228 as well 
as SPV 230 were most desirable males 
by virtue of their significant positive gca 
effects (Tables 2 and 3). Oh the other 
hand for 1000-grain weight, 36A ap­
peared to be a good female and SPV 
221, SPV 225 and SPV 231 were desir­
able males. 

Since early maturity and medium 
stature are desirable, parents with ne­
gative gca effects would be desirable. 
It was found that 2219 A was most 
superior female parent with respect to 
these traits. However, among male pare­
nts, SPV 224 and 221 were found to 
be desirable for days to flowering, while 
SPV 230 and 223 were desirable for 
plant height (Tables 2 and 3). 

Two best parents (both female as 
well as male, best Fls, best general 
combiners and the best specific cross 
combinations for different characters were 
identified (Table 3). The order of best 
parents selected on the basis of GCA 
effect and array means was essentially 
the same. It implies that for practical 
purpose the selection of the best parents 
could be made on the basis of array 
mean and in so doing the use of long 
and time-consuming statistical compu­
tations could be avoided. This finding 
confirms the earlier reports of Rao et al. 
(1968) and Shankargowda et al. (1972). 

The best crosses selected on the basis 
of SCA effects and per se performance 
were not the same for almost all the 
characters. High SCA need not nece­
ssarily mean a high performance by th 
hybrid. Therefore, the estimation of' SCA 
effects seems rather of limited value. 
The choice of best cross combinations 
should be based on per se pertormance. 
2077A x SPV 228 and 2077A x SPV 230 
were identified as best crosses for yield. 
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ATEL ET AL. : COMBINING ABILITY ANALYSIS IN SORGHUM 

A x SPV 226 ap-For grain yield, 2: 
peared to be the most superior combi­
nation whereas for number of grains, 
an important component of yield, 2077A 
xSPV 230 was most superior combi­
nation. Bolder grains are desirable. 
Several specific combinations like 2077A 
x SPV 221 ; 2077A x SPV 232, 36A x SPV 
224, 2219 x SPV 220, and 2219A x SPV 
229 were identified as best specific cross­
es. For days to 50 % blooming, 36A x SPV 
223 and 36A x SPV 231 were superior 
cross combinations since they had highly 
significant negative sea effects. Signi­
icant sca effects in negative direction 
were also found for 2077 Ax SPV 226 and 
2219A x SPV 225 crosses for plant height. 

Unless yield improves, we may not 
be interested in other panicle chara­
ters and therefore sea effects for other 
characters are not discussed. 

Since variance for grain yield was 
predominantly additive in nature, deisr­
able segregants for yield could be expec­
ted to be used as varieties from crosses 
among 2077B, SPV 228 and SPV 230. 
Superior transgressive segregants could 
also be fixed. This would exploit highly 
significant heterosis observed for grain 
yield when 2077A is crossed with SPV 
228 and SPV 230. The use of good 
general combiners in hybridization pro­
gramme and selecting desirable segre­
gants from the segergating generations 
by adopting progeny selection techniquc 
lor exploiting additive genetic variance 
would lcad to rapid improvement. 
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Response of Wheat to N, P, K and Zn Application on 

Farmers' Fields in Kutch District of Gujarat 

J. P. Patel, A. S. Patel, G. N. Karelia, N. P. Patel and M. J. Buch 

College of Agriculture, GAU, Sardar Krushinagar 

ABSTRACT 

The experiments were conducted on cultivators' fields to study the response of 

nitrogen, phosphorus, potash and zinc on the grain yield of wheat in Kutch district 

during 1977-78 to 1979-80 in rabi season. From the results of three years it was reveal­

ed that the grain yield increased significanly with increasing rate of nitrogen from 

N, to N,~, kg/ha and that of phosphorus from 20 to 60 kg P,O"/ha. However, the 

response of potassium was significant, while no significant response was observed with 

the application of zinc sulphate. The highest grain yield (36.61 q/ha of J-18 and 39.26 

q'ha of J. 24) was obtained with the application of Nie» Pa" K~, during 1977-78. 

INTRODUCTION 

Wheat (Triticum aestivum L.) is one 

of the most important cereal crops grown 

in the world. The responses of applied 

Certilizers to wheat differ from field to 

field depending on their native fertility 

status. It was, therefore, important to 

study the response of major plant nutri-

ents as well as that of Zn under varied 

farm conditions in order to formulate 

fertilizer recommendations for their 

judicious use by the farmers. With this 

end in view, the experiments on culti­

vators' fields were conducted in Kutch 

district (Gujarat) to study the response 

of wheat to the application of N,*P, K 

and Zn. 

MATERIALS AND METHODS 

Tnis investigation was conducted on 

Wheat (Triticum aestivum L.) variety 'J-18' 

and 'J-24' in different zones on ran­

domly selected blocks, villages, culti­

vators and fields in Kutch district of the 

8 

(Received on 22nd July, 1981 ~ 

Gujarat State for three years from 1977-

78 through 1979-80 in rabi season under 

the All India Co-ordinated Agronomic 

Research Project (I.C.A.R.). The whole 

Kutch district was stratified into four 

agriculturally homogeneous zones by suit­

ably combining contiguous talukas, tak­

ing into consideration homogenity in 

respect of climate, soil, cropping pattern, 

rainfall, irrigation facilities etc. The soil 

samples were collected prior to conduct­

ing the experiments from 0-15 cm depths 

from randomly selected fields and analysed 

for nutrient status. Texturally the soils 

were sandy. The initial" soil H ranged 

from 7.3 to 9.0. The status of organic 

carbon was low to medium. The soils 

were low to medium in nitrogen, low 

to medium in phosphorus and low to 

very high in potash content. The number 

of experiments conducted during each 

year and the initial soil fertility status 

shown in Table 1. The details ol 

treatment in three years were : 



PATEL ET AL, : FERTILIZER RESPONSE 

TABLE 1 
Zonewise initial fertility status of the soil. 

Tear Cone No. of villages 

i.c. experiments 
Range of available nutrients in the soil, kg/ha 

N PO 

1977-78 ] 10 126-308 (197) 13-47 (27.6) 100-1000 (496) 

1978-7 1 5 1 12-168 (136) 21-46 (30) 230-460 (352 

]l 5 77-154 (120) 30-107 (62) 80-410 (277 

5 91-189 (147) 15-53 (26) 210-600 (335) 

IV 5 35-168 (101) 10-43 (22) 120-270 (199) 

1979-80 1 10 118-392 (228 .5) 8-35 (28.5) 200-985 (586) 

III 10 140-221 (177.8) 11-64 (21.7) 400-900 (646.5) 

IV 10 132-224 (191.8) 11-29 (20.1) 215-985 (563.0) 

*Figures in the brackets are the means. 

1. N"P"K, 5. NoP~"K, 9. NsoP~"Ko 
2. N,"PK, 6. N~P~"K, 10. Nie»Pe»Keo 
3. N~P"K, 7. NeoPaK, 11. Ny»oPs"Ko 
4. Nye%P"K, 8. N~P~"K% 12. Ny»oPeo~eo 

no nitrogen. There was no significant 
difference between No and Nsa dur­
ing 1977-78 for variety 'J-24'. In the 
presence of No, Nso and Ny2o, the 

Zn»s variety 'J-24' yielded 3.46, 5.66 and 

The N, P and K were applied in the 
form of urea, single/triple superphos­
phate and muriate of potash, respectively, 
while Zn was applied as zinc sulphate. 
All the phosphorus, potash, zinc and 
half of nitrogen were applied by drilling 
just before sowing of wheat and rest of 
the nitrogen was topdressed after about 
three weeks from sowing at first irriga­
tion. 

RESULTS AND DISCUSSION 

The results pertaining to the yield 
response of wheat to the application of 
different treatments arc presented in 
Table 2. 

Response of Nitrogen 

8.92 q/ha, respectively, higher than the 
control. It was found that the variety 
'J-24' yielded higher than 'J-18' at the 
same level of Nao- Considering three 
years average of zones, in Zone-I Nizo 
produced an additional grain yield of 
6.22 q/ha over the control. However, 
m Zone-II, the response was very low 
(1.77 q/ha at Ny2o). Considering the 
district mean over three years period, 
the response was 0.81, 3.09 and 5.24 
q/ha with the application of Na, Ns 
and Nizo, repectively. The net incre­
mental cost benefit ratio for N~o was 
1 :1. Increased wheat yield with increas­
ing levels of nitrogen has been also 
reported by Singh et al. (1971) and 
Borse and Mahajan (1980). 

Response of phosphorus over nitrogen 

'The response of phosphorus was not 
significant during 1977-78. In 1978-79, 
the responses to only P~, over Na in 
Zone-Ind to P over N and P 10 Over 

significantly higher at 40 kg N/ha than Ng, in Zone-II were significant. In 

The response of nitrogen was signi­
ficant in all the ycars. There was signi­
icant incrcase in yield of wheat variety 
'J-18' with increase in level of nitrogen 

from 40 to 120 kg/ha. However, the diff­
Fences between N, and Ny were not 

"Knificant. The variety 'J-24' yielded 
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40 with 
a net incremental cost benefit ratio of 
1 :2.43 was advantagcous. Thcsc results 
correspond to the finding of Malik et al. 
1972). 

FERTILIZER RESPONSE 

1979-80, the responses were significant 
and identical for all the levels of ~ ', O, 
in Zone-l. Looking to the arithmetic 
mean of the district over all the ycars, 
There was an increasing trend of res­
ponse of phosphorus upto P 40 Over N 
Application of only Pa over N 

Response of potassium over N and P 

In 1977-78, the response to K appli­
cation was singificant for 'J-18' variety 
only at Ko over Nye»Paa. However, in 
the case of variety 'J-24' it was signi­
ficant at K2 over N~P» as well as 
at Ko over Ny»Pea. In 1978-79, it was 
significant and identical at all the levels 
of K in Zone-I. In Zone-II, the response 
was significant which was higher at 
Ks, over N2»Pao than Ko over N~"P 
but at par with K2, over NoPeo. In 
Zone-III, the response was significant 
and identical at Ko and K2o over 
respective NP levels. The response was 

TABLE 3 

not significant for Zone-IV. In 1979-80 
the response of K~" ove r Na"P~" only 
was significant in Zone-HJ and IV. 
Looking to the arithmetic mean responses 
of the zones and the district mean, it 
was observed that the response was the 
highest at K 

2n'a% ( with net 
incrcmcntal cost benefit ratio of 1:4.2, 
followed by Ka" over N"P" and K" 
ovcr NP~. 
Response of Zinc 

On the whole, the response of zinc 
was not significant during investigation 
periods as more number of trials were 
laid out on the soils having medium or 
high status of Zn (Table 3). However, 
when the results were tabulated on the 
basis of zinc status of different soil 
groups, the soils having low status of Zn 
showed 7 per cent increase in response 
which was 210 kg/ha. However, in 
1978-79 there was 6.3 per cent increase 
in yield by application of ZnSO, @25 
kg/ha over N2»ls"Kso with a response 
of 192 kg/ha. The mean Bray's per cent 
yield was 100 and 105 during 1977-78 

Response to Zn application of wheat (mean of experiments in each group) low, 

medium and high. 

Tear Sr. No. of 

No. villages 

i.e. expts. 

1977-78 1 Low-2 

Average yield kg/ha Per cent 

/% 

K 0 

response 

j20 yield 

p 60 Pao 
Keo Koo 

7 

2 

1570 3440 
3180 

3991 
2928 
2083 2017 

3650 

3207 

3802 
3120 

Medium-3 2140 

1978-79 
High-13 

Low-8 
2 Medium-6 
3 High-6 

2393 

1930 

1427 
2678 628 3203 

Bray's Zn content 
er cent (ppm) 

yield 

Zn uptake kg/ha 

Ai2o 120 No N 120 

P 0 P6% 6o P% Pso Pao 
Keo Ao Ko Ao Abo 

95 23 27 29 
JOO 29 30 33 
105 30 29 33 

26 28 

3l 26 30 

36 
63 97 

1 I 7 

77 
55 
94 

1 0l 

127 

56 
96 



and 104 and 112 during 1978-79 in 

medium and high groups, respectivcly, 

suggesting negative response to Zn ap­

plication. In general, the grain yield 

response was marked in low group of 

soils. These results corroborate the find­

ing of Agrawala et al. (1980). 
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Studies on lntercrop Cultivation with Sugarcane in 

South Gujarat Region 

K. R. Patel, R. D. Vashi and H. S. Damame 

Regional Sugarcane Research Station, GAU, Navsari 

ABSTRACT 

Field experiments were conducted on heavy black soils during the years 1979-80 

and 1980-81 at the Regional Sugarcane Research Station, Navsari, on intercropping 

with sugarcane. The intercrops tried were onion, garlic, chillies, cabbage, fennugreek, 

gram and groundnut which did not affect the yield of sugarcane significantly. Among 

all the treatments, sugarcane with onion gave the highest additional net profit of 

Rs. 2764/- per hectare followed by sugarcane + chillies Rs. 2606/ha, sugarcane + garlic 

Rs. 1261/ha and sugarcane + groundnut Rs. 297/ha. Sugarcane with cabbage, gram and 

fennugreek gave 1943/-, 921/- and 894/- net loss respectively, compared to sugarcane 

alone. This indicated the suitability of onion, chillies and garlic as suitable intercrops 

with sugarcane in the heavy black soils of the South Gujarat Region, 

INTRODUCTION 
Sugarcane is an important cash crop 

gaining more popularity in the irrigated 
area of South Gujarat Region. The 
rapid increase in the area under this 
crop is noticed after perennial irrigation 
facilities are being made available under 
Ukai-Kakrapar irrigation project as well 
as successful development of co-operative 
sugar factories in the region. This major 
shift in the area is from food and nonfood 
crops like jowar, rice and cotton. Irri­
gated areas are expected to grow both 
food and nonfood crops, preferably by 
the way of intercropping with a view to 
utilize thc available space and moisture 
n the soil for getting additional income 
or improving the fertility of the land. 

Sugarcane is a long duration crop, 
planted at a wide distance and very slow 
growth in first 2 to 3 months after plant-

(Received on 1st March, 1982) 

ing. It becomes therefore necessary for 
economic reasons to grow short duration 
crops during the early phase of the sugar­
cane crop (Rage and Patwardhan, 1952). 
Zende and Patil (1973) and Hapse (1978) 
reviewed the work on intercropping or 
multiple cropping in sugarcane in Maha­
rashtra. They observed that both vege­
tables and legumes produced a bene­
ficial effect on cane weight resulting in 
higher cane yield and CCS. In other 
studies on intercropping of various crops 
with sugarcane in Bihar, Sharma and 
Prasad (1972) noted that potato and 
coriander were very effective as inter­
crops in sugarcane. In Hyaryana, potato, 
onion and garlic proved to be the best 
suited as intercrops in sugarcane for giving 
higher economic return (Zende, 1981). 

Bawaskar et al. (1978) studied the 
influence of intercropping of oil seeds in 
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sugarcane on soil properties and cane 
yield. It was noticed that, only growing 
of soyabean increased the total nitrogen 
content of the soil, while groundnut in­
creased the availability of phosphate and 
potash. However, no oil seed crop had 
any direct effect in increasing the cane 
yield. Bhoj et al. (1970), Kirtikar et al. 
(1975), Mathur et al. (1968) and Sachan 
et al. (1978) studied the effect of inter­
cropping in sugarcane only from the 
point of view of economics. 

Based on these above as well as with 
a view to assertain the suitability of some 
intercrops, which can give additional 
income without adverse effect on the 
yield and quality of sugarcane, the 
present investigation was carried out at 
Regional Sugarcane Research Station, 
Navsari on heavy black soils during the 
years 1979-80 and 1980-81. 

MATERIALS AND METHODS 
Field experiments were conducted by 

adopting complete randomised design, 
with four replications and eight treat­
ments during the years 1979-80 and 
1980-81. Treatments undertaken were 
(1) sugarcane +onion, (2) sugarcane+ 
garlic, (3) sugarcane + chillies (4) sugar­
cane-+cabbage (5) sugarcane+fennugreek 
(6) sugarcane +gram (7) sugarcane 
groundnut and (8) sugarcane alone. 
Sugarcane variety CO-419 was planted 
at a distance of 90 cm in second week of 
.January in both the years. The ridges 
were flattened by dragging a light wooden 
plank over the top. Sowing of intercrops 
was carried out in two rows on either side 
of flattened ridges within one week after 
planting of sugarcane. Onion, chillies 
and cabbage seedlings were transplanted 
at 15, 20 and 30 cm apart, respectively. 
Garlic was planted at a distance of 15 
cm. Fennugreck was sown in rows while 
gram and groundnut were dibbled in a 
row at a distance of 15 cm. 
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The crop was fertilized with 250 kg 
N, 125 kg P,O, and 125 kg K"O per 
hectare in addition to 25 tonnes of 
F.Y.M. Entire dose of PO, as well as 
K"O was applied at the time of plant­
ing cane, while nitrogeneous fertilizer 
was given in four splits. Fifteen per cent 
at the time of planting and remaining 
in split doses of 30, 20 and 35 per cent 
after 6, 12 and 18 weeks of planting, 
respectively. No additional fertilizer was 
given to any of the intercrops. The 
necessary operations like weeding, irri­
gation and plant protection were carried­
out whenever necessary. Intercrops were 
harvested after 12 to 16 weeks on matu­
rity and sugarcane was harvested at 
12 month age. The cabbage crop was 
uprooted and removed in both the years 
because of the heavy attack of prodenia 
(Spodoptera litura F.) 

RESULTS AND DISCUSSION 
The data on yield of sugarcane and 

intercrops are given in Table-I. The data 
revealed that in the year 1979-80, ex­
cept in the treatment of sugarcane + 
chillies, the yield of sugarcane was low 
compared to that under the treatment 
of sugarcane alone, but the reduction in 
the yield was not significant. In the 
year 1980-81, the yield of sugarcane was 
at par, except in the treatment, sugar­
cane + chillies, which gave significantly 
higher yield (93.09 t/ha) as compared 
that under control (75.99 t/ha) i.e. sugar­
cane alone. 

In pooled analysis, the yield difl­
erence was found significant. The av­
erage yield of 1979-80 and 1980-81 
in the treatment sugarcane alone was 
91.38 t/ha, while the same in other treat­
ments in which onion, garlic, chillies, 
cabbage, fennugreck, gram and ground­
nut were grown as an intercrops were 
87.22, 97.85, 92.32, 85.83, 88.63, 79.99 
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TABLE 1 

Mean data on sugarcane and intercrops yields (1979-80 and 1980-81). 
Sr. 

No. 

(1) 
2 

(5) 

(6) 
(7) 
(8) 

Treatment 

Sugarcane alone 
Sugarcane + Onion 
Sugarcane + Garlic 
Sugarcane + Chillies 
Sugarcane + Cabbage 
Sugarcane+ Fennugreek 
Sugarcane + Gram 
Sugarcane+ Groundnut 
Bye-product 

S.Em. t/ha 
C.D. at 5% 
t/ha 

Sugarcane yield t/ha 

79-80 80-81 Average 

106.77 75.99 91.38 
100.87 73.56 87.22 
102.60 93.09 97.85 
109.42 75.22 92.32 
90.80 80.86 85.83 

104.69 72.57 88.63 
86.20 73.78 79.99 
96.57 82.08 89.33 

- - -
4.948 3.144 2.932 

14.552 9.247 8.360 

intercrops yield qt/ha 

79-80 80-81 Average 

- - -
113.72 72.92 93.31 
15.75 0.69 8.22 
3.08 23.82 13.45 

* -
13.45 3.12 11.15 
16.80 0.39 8.60 

- - 4.98 
- - 26.10 

- - -

- - -
*The cabbage crop was uprooted and removed because of the heavy infestation of prodenia. 

TABLE 2 

Average data on sugarcane yield, yield attributing characters and juice quality 
(1979-80 and 1980-81). 

Sr. 

No. 
Particulars 

2 

1. Sugarcane yield 
t/ha 

2. Millable canes/ha 
in thousand 

3. Weight/cane in kg 
4. Juice quality 

(a) Pol. per cent 
(b) Pirity per cent 
(c) CCS per cent 
(d) CCS t/ha 

Sugar­
cane 
alone 

3 

Sugar­
cane 

+ 
Onion 

4 

Treatments 

Sugar- Sugar- Sugar- Sugar- Sugar-
cane cane cane cane cane 
+ + + + + 

Sugar­
cane 

+ 
Garlic Chillies Cabbage Fennu- Gram Ground-

greek nut 

5 6 7 8 9 10 

91.38 87.22 97.85 92.32 85.83 88.63 79.99 89.33 

103.037 98.892 100.303 104.146 95.333 98.719 94.335 94.465 
0.930 0.880 0.980 0.890 0.940 0.850 0.890 0.900 

17.27 
92.62 
12.30 
11.30 

1 7.96 

92.01 

12.81 

11.21 

17.97 
93.41 
13.34 
12.96 

18.15 17.16 

12.91 
11.95 

92.50 
L2.50 
10.5 

L7.80 

92.96 
L2.77 

L1.19 10.21 

18.10 

13.38 

11.97 
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TABLE 3 
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Economics of different intercrops treatments with sugarcane, based on pooled data 

(1979-80 and 1980-81). 

Sr. 

No. 

Item 

( l) Sugarcane yield 

t/ha 

Sugar­

cane 

alone 

Sugar- Sugar-

cane cane 

+ + 
Onion Garlic 

91.38 87.22 97.85 

Treatment 

Sugar- Sugar-

cane cane 

+ + 
Chillies Cabbage 

Sugar­

cane 

+ 
Fennu­

greek 

92.32 85.83 88.63 

(2) Yield of inter­

crops qt/ha 
Bye-product 

qt/ha 

93.31 8.22 13.45 3.12 

(3) Gross income 

(a) Sugarcane 

Rs/ha 
(b) Intercrops 

Rs/ha 
(c) Total Rs/ha 

(4) Cost of cultivation 

(Sugarcane + 
intercrops Rs/ha) 

(5) Net profit Rs/ha 

(6) Net additional 

22845 21805 24462 

4665 

22845 26470 

9000 
13845 

986 1 

16609 

1644 

26106 

11000 

15106 

23080 21457 22157 

780 3362 

26442 21457 22937 

9991 

16451 

9555 

11902 

9986 

12951 

Sugar- Sugar-

cane cane 

+ + 
Gram Ground-

nut 

79.99 89.33 

8.60 4.98 

26.10 

19997 22332 

3010 
23007 

10083 

12924 

2004 

24336 

10194 

14142 

profit Rs/ha 2764 1261 2606 (-)1943 (-)894 (-)921 297 

*Cabbage crop was uprooted and removed because of heavy infestation of prodenia. 

N.B.: The price of Sugarcane, Onion, Garlic, Chillies, Fennugreek, Gram, Groundnut and 

Groudnut bye-product were considered as Rs. 250/- ton, Rs. 50/qt., Rs. 200/qt, 

Rs. 250/qt (green), Rs. 250/qt, Rs. 250/- qt, Rs. 350/qt and Rs. 10/qt respectively. 

But gave an additional yields of the said 

intercrops to the tune of 93.31, 8.22, and 89.33 tonnes per hectare, respec­

tively. The yield in the treatments sugar­

cane + onion, sugarcane +garlic, sugar­

cane + chillies, sugarcane +fennugreek, pectively. 
13.45, 3.12, 8.60 and 4.98 qts/ha, res-

sugarcane +groundnut and sugarcane+ 

cabbage were at par with control i.c. 

sugarcane alone. While the same was 

significantly lower under the treatment 

sugarcane +gram. This indicated that 

intercrops i.c. onion, garlic, chillies, 

fennugreek and groundnut did not 

affect yield of sugarcane significantly. 

The observations on weight per mill­

able cane, number of millable cane/ha, 

pole percent, purity per cent C.C.S. per 

cent and CCS/ha were recorded and are 

given in Table-2. It is evident from the 

table that weight per millable cane was 

higher in the treatments intercropped 

with garlic and groundnut as compared 
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Hapasc, D. G. ~ 1978,. Lead papcr on a 

dicating that thcrc was no adverse effects 
of intercrops on thc quality of cane. The 
CCS per cent in the treatment sugar­
canc alone was 12.30, while the same in 
the treatment sugarcane intercropped 
with onion, garlic, chillies, cabbage, 
fcnnugreck, gram and groundnut were 
12.81, 12.34, 12.91, 12.50, 12.55, 12.77 
and 13.38 respectively. 

to that under sugarcanc alonc. The CCS 
ncr cent in all thc treatments were higher 

an that undcr sugarcanc alone 

The economics of each treatments 
were calculated. The mean data on this 
aspect are given in Table-3. The net 
additional profit i.e., profit realised 
after deduction of net profit of treat­
ment sugarcane alone showed that the 
treatment sugarcane intercropped with 
onion gave the highest net additional 
profit of Rs. 2764/ha. The same were 
followed by sugarcane + chillies Rs. 
2606/ha, sugarcane + garlic Rs. 1261/ha, 
and sugarcane + groundnut Rs. 297/ha. 
The other intercrops i.e. cabbage, gram 
and fennugreek gave net loss of Rs. 
1943, 921 and 894 per hectare, respec­
tively as compared to sugarcane alone. 
This indicated the suitability of onion, 
chillies and garlic as suitable intercrops 
with sugarcane in the heavy black soils 
of the South Gujarat Region. 
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Determination of Economic Threshold for Cotton Bollworms 
(Earias spp. and Heliothis armigera Hb.) 

on Hybrid-4 Cotton 
N. B. Rote, B. K. Patel, N. P. Mehta and A. H. Shah 

Main Cotton Research Station, GAU, Surat 

ABSTRACT 

An experiment to find out economic threshold levels based on larval units, was 

conducted during the years 1978-79, 1979-80 and 1980-81 at Main Cotton Research Station, 

Surat. Four different threshold levels viz. 5, 10, 15 and 20 larval units for spotted 

bollworms (Earias spp) and 3, 7, 12 and 15 larval units for American bollworms (Helio­
this armigera Hb.), were tested in comparison to recommended schedule for hybrid-4 

cotton. From the results it was found that the threshold level of 10 larval units was 

found most ideal and economical for spotted bollworms on hybrid-4 cotton. 
(Received on 20th April, 1983) 

INTRODUCTION 

Spotted boll worm (Earias spp.) 
an American bollworm (Heliothis armi­
gera Hb.) are the major pests of cotton. 
Indiscriminate use of pesticides for ' 
their control causes several side pro­
blems. Eradication of insect-pests is 
practically impossible and hence pro­
per approach is of "Integrated Pest 
Management". The temporal Schedule 
based plant protection measures have 
certain built in inadequacies. During 
the season of heavy infestation they are 
inadequate, whereas, during the season 
of light infestation they are wasteful. 
Therefore, it becomes necessary to apply 
proper pesticide when the level of pest 
reaches "economic threshold". The 
purpose of pest control according to 
economic threshold level is to pin-point 
the timing of control measures in order 
to obtain optimal results based on nced 
based plant protection. Therefore, it 
becomes vital to determine the cco-

nomic threshold levels for bollworms. 
Economic threshold concept is :flexible 
and the levels may vary from area to 
area, variety to variety and even time 
to time (Reynolds, ~ 1972). Mahalle et 
al. (1976) reported that economic injury 
increases as the cost of control increa­
ses and decreases as the price of out­
put increases. In U.S.A. Stern (1965) 
has worked out the economic threshold 
of four larvae per plant for bollworm, 
Heliothis zea on cotton. In India attempts 
were made in past to work out thres­
hold values based on injury caused 
but so far sound dependable indices are 
not available. The present approach is 

based on population density of pest i.e. 

larval units, reported by Shah and 
Mehta (1979) and results of the trial 
conducted in this connection are re­
ported below. 

MATERIALS AND METHODS 
The trial was conducted at Main 

Cotton Research Station, Gujarat Agri-
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cultural University, Surat during the 
vears 1978-79, 79-80 and 80-81 in 
Randomized Block Design 
replications. Four different threshold 
levels for bollworms were compared with 
time bound plant protection schedule for 
hybrid-4 cotton (Appendix "A"). Dur­
ing the year 1978-79 the treatments 
were as below: 

Threshold levels Threshold levels 
for spotted boll- for heliothis in 
worms in larval larval Units (LU) 
Units (LU) 

5 (LU) & 3 (LU) 
2. 10 (LU) & 7 (LU) 
3. 15 (LU) & 12 (LU) 
4. 20 (LU) & 15 (LU) 
5. Schedule for hybrid-4 cotton. 

(Appendix "A") 

APPENDIX A 
Recommended schedule for Hybrid-4 
cotton. 

Sr. 
No. 

Period 

1. August II week 

2. September II week 
3. September IV week 
4. October II week 
5. October III week 

6. October IV week 
7. November II week 

8. November IV week 

9. December II week 
10. December IV week 
11. January II week 

_~. January IV week 

Name of insecticides 
and concentrations 

Phosphamidon 0.03% 
+ Streptocyline 0.005% 
+ Copper oxychloride 
0.2% 
Endosulfan 0.075% 
Carbaryl 0.2% 
Phosalone 0.087% 
Endosulfan 0.075%+ 
DDT 0.2% + Co­
pper oxychloride 0.2% 
Carbaryl 10% dust 
Endosulfan 0.075%+ 
DDT 0.2% 
Phosalone 0.087%+ 
Stretptocyline 0.005% 
+ Copper oxychlo­
ride 0.2% 
Endosulfan 0.075% 
Phosalone 0.087% 
Carbaryl 10% dust 
Endosulfan 4% dust 

The above threshold levels werc 
based on the 20 plants randomly se­
lected from four replications (5 plants 
x 4 replications). The plot size was 
64.80 sq.m. and spacing was 1.20 x 
0.60 m. The observations were recor­
ded twice in a week (Monday and 
Thursday) from 5 plants randomly sc­
lected from each net plot. Total num­
ber of spotted and Heliothis larvae were 
counted from whole plant and recorded 
separately as small, medium and big 
according to their sizes. The treatment­
wise larval units (on the basis of 20 
plants) were worked out and as soon 
as larval units reached equal or above 
threshold level of the respective treat­
ment the insecticides were applied to 
control the particular pest. Carbaryl 10% 
dust and DDT 10% dust were used for 
the control of spotted bollworm and 
Heliothis respectively. In all 24, 14, 
13 and 9 . applications were made 
throughout the season in the treatments 
1, 2, 3 and 4 respectively. 

Calculation of Larval Units (LU) 

I. Spotted bollworm 
1. Small larvae-having the 

length upto 4 mm. 1 LU 
2. Medium larvae-having the 

length of 4 to 8 mm. = } LU 
3. Bigger larvae-having the 

length more than 8 mm. = O LU 

II. Heliothis sp. 
1. Small larvae upto 4 mm. 

length 
2. Medium larvae from 4 

to 12 mm. length 
3. Bigger larvae more 

than 12 mm. length 

O LU 

1 LU 

The above larval units were fixed 
on ad-hoc basis considering the long 
experience in pest control and the 
experimental results, 
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Combined effects of two bollworms 
When both the bollworms were 

damaging at a time but their indivi­
dual threshold level could not surpass 
the threshold levels, the combined 
effect was worked out. For working 
out the combined effects, the respec­
tive threshold levels were considered 
equal to 100 per cent for each boll­
worm and the observed population 
was converted into the percentages, and 
as soon as the sum of percentages of 
the two bollworms reached above 100 % 
the measures were taken to control both 
the bollworms. 

As the infestation of Heliothis was 
not severe during 1978-79, the experi­
ment was repeated for spotted boll­
worm alone during the years 1979-80 
and 1980-81. Monocrotophos @ 0.8 
kg. ai/ha. was used for the control of 
spotted bollworm, whereas, DDT 
0.2 % was used as a blanket spray, for 
the control of Heliothis whenever ne­
cessary. 

The observations on bollworm in­
festation were recorded at each picking 
on bolls and locules. The data were 
subjected to Arcsin percentage wherever 
required before statistical analysis. 

RESULTS AND DISCUSSION 

l . Bollworm. infestation during the 
year 1978-79 

The data are presented in 
Table-l. It is evident from thc 
results that the lowest bollworm 
infestation to bolls was recorded 
in Trcatment-l (5 LU for spotted 
and 3 LU for Heliothis) and it was 
at par with treatment-2 (10 LU for 
spotted and 7 LU for Heliothis). 
The other treatments have recor­
ded comparative higher infestation. 
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Treatment-l (5 LU and 
LU) has also recorded significantl, 
lower bollworm infestation to lo 
cules and it was followed by 
Treatment-2 (10 LU for spotted 
and 7 LU for Heliothis). Other 
treatments have recorded higher 
bollworm infestation. 

2. Bollworm infestation during 
the year 1979-80 and 1980-81 

The data are presented in 
Table-2. From the results of the 
pooled data of the two years it is 
revealed that the lowest threshold 
i.e. 5 larval units for spotted 
bollworm, has recorded the lowest 
bollworm infestation to bolls (15.8 %) 
and it was at par with treatment 
of 10 larval units (18.0 %). Other 
treatments have recorded higher 
infestation. 

From the same Table-I it is 
also seen that more or less the 
same trend was observed in case 
of bollworm infestation to locules. 

3. Yield of seed cotton 

was followed by Treatment-2 (10 
LU for spotted and 7 LU for 
Heliothis) i.e. 1803 kg/ha. which 
was at par with Treatment-3 (1712 
kg/ha). Treatment-4 has recorded 
significantly lower yield. 

The yield data are also pre­
sented in Table-l and 2. During 
the year 1978-79, Treatment-l 
(5 LU for spotted and 3 LU for 
Heliothis) has recorded significantly 
higher yield (2224 kg/ha). 

During the year 1979-80, the 
highest yield was obtained in the 
treatment of 5 larval units for spott­
ed bollworm (3068 kg/ha) and it 
was followed by the treatments 
of 10 larval units (2860 kg/ha), 
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15 larval units, schedule for 
hybrid-4 and 20 larval units. 

During the year 1980-81 also 
highest yield was obtained in the 
treatment of 5 larval units (1653 
kg/ha) and the other treatments 

have recorded the same trend as 
previous year. 

From the pooled data it is 
revealed that the lowest threshold 
level i.e. 5 larval units has recorded 
highest yield (2359 kg/ha) and it 

TABLE 1 

Percentage infestation of bollworms and yield of seed cotton during the year 1978-79. 

Sr. 
No. 

Treatments Av. % infestation to 

5 LU for spotted and 3 LU for 
Heliothis 

2. 10 LU 
heliothis 

15 LU 
heliothis 

4 20 LU 
heliothis 

for spotted and 7 LU for 

for spotted and 12 LU for 

for spotted and 15 LU for 

5 Recommended schedule for hybrid-4 

S.E. 

C.D. @ 5% 

c.v. % 

bolls 

46.2 (42.82) 

50.2( 45.17) 

58.0 (49.60) 

68.8 (56.03) 
61.6 (51. 72) 

1.12 
3.45 
4.61 

Note: Figures in parenthesis are angular transformed values. 

TABLE 2 

Locules 

27.1 (31.38) 

33.8 (35.53) 

37.2 (37.59) 

42.9 (40.90) 
40.4 (39.45) 

1.30 
4.00 

7.00 

Tield of sced 
cotton kg/ ha. 

2224 

1803 

1712 

1090 
1451 

108 

336 

18.28 

Percentage infestation and yield of seed cotton during the years 1979-80 and 1980-81. 

Sr. Treatments Av. % infestation to bolls Av.% infestation to locules Yield of seed cotton (kg/ha) 

No. 

1. 5 LU for spotted 

1979-80 1980-81 Pooled 
Mean 

1979-80 1980-81 Pooled 1979-80 1980-81 Pooled 
Mean Mean 

bollworm 17.6 14.0 15.8 10.8 6.8 8.5 3068 1653 2359 

2. JO LU 

15 LU 

4. 20 LU 

5. Recommended 

schedule for 
Hybrid-4 

(24.82) (22.01) (23.41) (18.84) (15.13) (16.98) 

22.0 14.3 18.0 13.1 7.9 10.3 2860 1623 2241 

(22.99) (22.27) (25-13) (21-22) (16-30) (18.76) 

27.4 34.4 30.1 17.5 17.9 17.7 2554 1466 2010 

(31.57) (35.92) (33.29) (24.75) (25.01) (24.88) 

33.8 59.6 46.6 21.1 34.4 27.5 2075 123 
(35.58) (50.53) (43.05) (27.33) (34.90) (31.61) 

33,0 33.8 33.4 17.6 16.2 2477 L893 

(35.05) (35.54) (35.29) (24.79) (23.73) 

2.37 5.59 3.14 1.92 2.59 3.75 242 136 

5% 5.15 12.18 6.50 4.19 5.64 7.73 129 525 280 

12.09 23.92 19.66 11.70 15.78 32.17 7.95 27.63 14.78 

Note: Figures in parenthesis are angular transformed values, 
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TABLE 3 
Economics of the treatments during the year 1978-79. 

No. of 
application: 

Sr. Treatments 

5 LU for spotted and 
3 LU for Heliothis 

. 10 LU for spotted and 
7 LU for heliothis 

. 15 LU for spotted and 
12 LU for heliothis 
20 LU for spotted and 
15 LU for heliothis 
Recommended schedule 
for hybrid-4 

TABLE 4 

Tield 
(kg/ha) 

2224 

1803 

1712 

1090 

1451 

Gross 
income 
Rs/ha 

13121 

10637 

10100 

6431 

8560 

Cost of 
treatment 

6746 

3839 

3450 

2432 

2101 

Vet 
realisation 
Rs/ha 

6375 

6798 

6650 

3999 

6459 

24 

14 

13 

9 

12 

Economics of the treatments during the years 1979-80 and 1980-81. 
Sr. Treatments Av. yiled of Gross in-
No. seed cotton come 

kg/ha Rs/ha 
I. 5 LU for spotted 

bollworm 2359 13042 
2. 10 LU 2241 12424 
3. 15 LU 2010 11149 4. 20 LU 1099 5587 
5. Recommended 

schedule for 
Hybrid-4 1893 10446 

was at par with 10 larval units (2241 
kg/ha). It was followed by 15 
larval units, schedule for hybrid-4 and 20 larval units. 
Economics 

The data on economics during 
the year 1978-79, arc presented in 
Table-3. From this it can be ob­
served that highest _net realisation (6798 Rs/ha) was obtained in the 
treatment-2 (10 LU for spotted 
and 7 LU for Heliothis) and it was 
followed by treatment-l (5 LU for 

Av. cost Net reali- No. of spraying 
of treatment sation 1979-80 1980-81 

Rs[ha 

4177 8865 12 11 
3499 8925 9 10 
2806 8343 1 8 
1580 4007 6 2 

2706 7740 12 12 

spotted and 3 LU for Heliothis), 
treatment-3 and treatment -4. 

The data of economics during 
the years 1979-80 and 1980-81 are 
presented in Table-4. It is seen 
from the results that treatment of 
10 larval units for spotted boll­
worm gave highest net realisation 
(8925 Rs/ha). Though treatment of 
5 larval units has recorded highest 
yield, it has failed to record higher 
net realisation because of higher 
incremental cost of the treatment. 



ROTE ET AL.: ECONOMIC THRESHOLD FOR COTTON BOLLWORMS 23 

Durig the year 1978-79 four thres­
hold levels for spotted bollworms and 
Heliothis as (1 ) 5 larval units for spotted 
and 3 larval units for Heliothis (2) 10 
LU and 7 LU (3) 15 LU and 12 LU, 
(4) 20 LU and 15 LU were compared 
with schedule treatment. During that 
season the threshold levels of 10 larval 
units for spotted bollworm and 7 larval 
units for Heliothis were found most effec­
tive and economical. 

During the years 1979-80 and 
1980-81, the experiment was carried 
out only for spotted bollworms and the 
same threshold levels viz. 5 LU, 10 
LU, 15 LU and 20 LU were tested 
with schedule for hybrid-4 cotton. 

From the results of the two years 
data it was found that the threshold 
level of 10 larval units was found most 
ideal and economical for spotted boll­
worm on hybrid-4 cotton. Maisuria 
et al. (1982) have also reported that the 
10 larval units were found as most eco­
nomical threshold level for spotted boll-
worm on G. Cot. 11 cotton. 
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Influence of Nitrogen and Water Management on Yield and 
Chemical Composition of Oat (Avena sativa, L.) Forage 

C. A. Patel, M. S. Patel and G. R. Patel 
Agricultural Chemistry and Soil Science Department, Agriculture College, Anand 

ABSTRACT 

An experiment was conducted on sandy loam soil to study the yield and quality of oat (Kent variety) forage as influenced by nitrogen (0, 40, 80 and 120 kg N/ha) and soil moisture regime (irrigation at 25, 50 and 75 per cent available soil moisture). The yield of dry forage gradually increased from 79 to 99 q/ha with progressive increase in levels of nitrogen from O to 120 kg N/ha. The crude protein content increased with successive dose of nitrogen fertilization, while the trend was not consistent for phosphorus, calcium, ash, silica and acid detergent fibre content of oat forage. Fre­quent irrigation depressed the concentration of crude protein, phosphorus, calcium, ash, silica and acid detergent fibre in the forage. (Received on 16th Nov. 1982) 
INTRODUCTION 

The high yielding and cross-bred 
cows need regular supply of green and 
nutritious forage throughout the year 
to maintain their performance in milk 
production. Oat is grown in winter 
chiefly to provide green forage to live­
stock and it is an important forage 
crop, when there is an acute shortage of 
cereal green forage in winter. 

gen and proper time of irrigation to 
get the maximum production of good 
quality oat forage in winter season. 

MATERIALS AND METHODS 
An experiment was conducted in 

sandy loam soil of Anand in rabi sea­
son on oat varicty kent. There were 
twelve treatmens consisting of four 
levels of nitrogen (0, 40, 80 and 120 
kg/ha) and three levels of irrigation 
(irrigation at 25, 50 and 75 per cent 
available soil moisture level). The 
treatments were replicated three times. 
A dose consisting of 30 kg P"O, as 
superphosphate + 25 kg K,O as mu­
riate of potash per hectare was plough-per unit arca. Information on water ed into all the plots. Nitrogen was 
applied in the form of urea as per treat­
ment to respective plots at the time of preparation of seed bed. 

Water and fertilizer are two im­
portant inputs in agricultural production. 
These two inputs being scant and cost­
ly, need to be efficiently used through 
proper management to get maximum 
production of good quality oat forage 

and nitrogen requirement of oat for 
sandy loam soil of middle Gujarat is 
lacking. This consideration prompted 
to undertake the present investigation 
to find out the optimum dose of nitro- The initial fertility status of the 

experimental field was total nitrogen* 
24 
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crude Protein, Phosphorus, Calcium, 
Ash, Silica and A.D.F. as per methods 
of A.O.A.C. (1970). 

607 kg/ha, available P,O, -67 kg/ha 
and available K"O-363 kg/ha. The field 
capacity and permanent wilting point 
of soil were 18.2 and 5.4 per cent res­
pectively. The crop was harvested at 
about 50 per cent flowering stage. The 
green forage yield of each plot was 
recorded. From the moisture per cent 
of green forage, dry matter yield for each 
plot was computed. The replication­
wise plant samples were analysed for 

TABLE 1 

RESULTS AND DISCUSSION 

Forage yield 

The data on dry forage yield of 
oat as influenced by soil moisture re­
gimes and nitrogen levels are presented 
in Table-l. 

Dry forage yield (q/ha) of oat as influenced by nitrogen and irrigation levels. 

Nitrogen Soil moisture regimes 
levels -

26 so Mean 

N 0 77 79 82 79 
N 40 83 87 90 87 
N 80 97 101 93 97 
N 120 102 103 92 99 

Mean 90 92 89 90 

Nitrogen Soil moisture NXI 

S.Em.± 1.29 0.89 2.21 
C.D. 5% 3.77 N.S. 6.29 

A perusal of the data revealed that 
the effects of nitrogen levels and N x I 
interaction on dry forage yield of oat 
were significant. The yield of dry fo­
rage gradually increased from 79 to 99 
q/ha with progressive increase in levels of 
nitrogen from O to 120 kg N /ha. How­
ever, the yield obtained at higher two 
levels of nitrogen (80 and 120 kg/ha) 
were at par. Thus the optimum level 
of nitrogen was 80 kg/ha for higher rage significantly increased with succes­
production of oat forage. These results sive dose of nitrogen fertilization. The 
arc in line with those reported by Patel 
et al. (1972) and Singh et al. (1973). 

increase in crude protein content over 

The dry forage yield varied bet­
control was by 21, 29 and 54 per cent 

cation of 80 kg. N/ha and irrigation at 
25 ASM would be advantageous for 
optimum forage production of oat. 

Forage quality 
The data on crude protein, phos­

phorus, calcium, ash, silica and acid 
detergent fibre contents of oat forage 
are presented in Table-2. 

Crude protein content of oat fo-

due to application of 40, 80 and 120 kg 
ween 89 q/ha under I,, and 92 q/ha nitrogen per hectare respectively. The 
under I-so treatments without signi- crude protein content was significantly 
(icant difference. Therefore, an appli- higher under the treatment of soil 
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moisture regimes varicd from 0.53 per 
cent under Na I,s to 0.70 per cent 
under N@ Ia, treatments. 

Significant eflect on calcium con­
tent of oat forage was observed due to 
nitrogen and soil moisture regimes. 
Application of nitrogen at the rate of 
80 and 120 kg/ha were at par and 
significantly superior over nitrogen levels 
N and Na. The effect of soil moisture 
regimes on calcium content of oat fo­
rage was significant. It was observed 
that the calcium content under either 
wet (I,s) or dry (I2s) regime of soil 
moisture was lower than medium re­
gime (Iso). 

The ash content of oat forage 
ranged from 9.32 to 9.55 per cent due 
to variation in nitrogen levels but the 
difference was not sigificant. The 
ash content was significantly lower 
(9.15 per cent) under dry soil moisture 
regime (Is) than those under medium 
(Io) and wet regimes (I,,). The inter­
action of soil moisture regime and ni­
trogen levels had significant effect on 
ash content of oat forage. 

The silica content of oat forage was 
not significantly influenced either by 
nitrogen or irrigation levels. 

GAU RES J. 1984. 10 () 

The differences in A.D.F. content 
due to nitrogen levels and soil moisture 
regimes as well as their interaction 
were significant. However the variation 
in A.D.F. content of oat forage due to 
different treatments was narrow with 
an average value of 43.99 per cent. 
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Comparison of the Fan Design with the Split 

Plot Design for Spacing Experiments 

N. M. Patel and R. M. Patel 

Gujarat Agricultural University, Anand Campus, Anand 

ABSTRACT 

Nelder's design FAN (Systematic design) was compared with the Split Plot de­

sign (SPL) for spacing treatments. The field experiments were conducted using cotton 

IAN 579-188 on the same field. The data on plant height, number of bolls per plant 

and cotton yield per plant were collected and used to assess bias in the estimate of 

treatment means. The results revealed that (i) the comparison FAN vs SPL showed an 

underestimation of the treatments means in FAN when area per plant was 900 

sq.cm. and above and (ii) the rectangularity had some impact on the variables stu­

died. Therefore, FAN design can not be used for spacing trial on a crop with mono­

podial growth habit like cotton IAN 579-188. (Received on 1st Nov. 1982) 

INTRODUCTION 
Fan design has been developed by 

Nelder (1962) for spacing experiments. 

Design consisted of single row plots for 

design (SPL). For this purpose investiga­

tion on cotton IAN 579-188 was under­

taken during the years 1973-74 and 

1974-75 at the College Agronomy Farm, 

much compacted area in a sequence 

(Systematic pattern). The systematic Spacing treatments 

arrangement gives biased estimates 
(Tedin, 1931; Fisher, 1935; Barbacki 

each spacing treatment arranged in Gujarat Agricultural University, 

Anand Campus, Anand. 

and Fisher, 1936; Greenberg, 1951; 

Salmon, 1955 and Patel, I 978). Such 

information, however, is not available 
for fan design. 

The spacing trials need large arca 
under cach replication of conventional 

designs like randomized block design, 

split plot design ctc. for testing a num­

ber of spacing treatments. Generally 30 cm, 60 cm and 90 cm as inter row 

spacing trials are conducted in split spacings (Main plots) and 15 cm, 22 .5 

plot design to case agronomical opera- cm and 30 cm as intra row spacings 

ions. In the present investigation the (sub plots) was chosen. The smallest 

relative utility of Fan design (FAN) and largest spacings in the FAN match­

was assessed in relation to Split plot cd with the smallest and largest spac-

Keeping in view the growth habit 

of the cotton IAN 579-188, the diffe­

rent spacings were considered which 

varied from 0.045 m to 0.270 m° 

per plant in both the layouts. The para­

meters of FAN were worked out as 

suggested by Nelder (1962). There were 

10 spacing treatments in FAN (Table ~ ). 

For SPL, a set of combinations ot 

29 
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TABLE 1 
Spacing details for FAN and SPL. 

AN 

Coded Area per Coded Area per 

spacing, plant sq.cm. spacing, plant, sq. cm. 

S, Spj 
-

l 
450 450 

550 675 
s Sp, 

670 900 

s 820 Sp4 900 

S- 990 Sps 1350 

s 6 1220 Sp 1800 

s 7 1490 Spa 1350 

s 8 1820 Sps 2025 

s 9 2220 Spa 2700 

s 10 2700 

ings of the SPL. The net plot size was 
3.6 m x 3.6 m. in SPL. 

The number of replications during 
both the years were 12 and 6 for FAN 
and SPL respectively. 

RESULTS AND DISCUSSION 

The data on plant height as well 
as number of bolls per plant of five 

TABLE 2 
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randomly selected plants and cotton 
yield per plot were collected from botli 
the layouts to assess relative utility of 
FAN in relation to SPL. Therc were 
cight observations (Pi., through P~.,) 
on plant height during the first ycar and 
three observations (Pa1., Pa.g and 
Pa.a ) during the second ycar of the 
study. The corresponding observa­
tions in SPL were used in estimating 
differences in plant height (FAN vs 

SPL). 
Since the number of treatments 

(Table 1) were not the same in FAN 
and SPL and also the area per plant 
in some of the treatments in FAN and 
SPL did not match with one another, 
the difference in spacing treatment 
means (bias) was judged using graphi­
cal method. 

Plant height 
data for various spacing treatments 

in each period of observation for FAN 
and SPL are presented in Tables 2 
and 3 respectively and are depicted in 
Figures 1 (1973-74) and 2 (1974-75). 

Spacingwise plant height, in cm, during each period of observation in FAN. 

7 

9 

10 

Averagc 

p 1°1 p 1'2 

68.2 76.5 
68.2 75.0 
65.4 74.9 
67.1 76.6 
65.4 75.5 
64.7 76.1 

79.1 
67.. 79.6 
65.8 

78.8 

66.5 77.3 

1973-74 [ 1974-75 

P 

79.1 81.7 
76.7 78.4 

79.4 
78.1 80.0 
79.7 81.8 

78.3 81.0 
83.4 86.1 
85.0 87.7 
84.7 • 87.8 

88. 1 

80.7 

p 
1°6 p 1'7 P..» P... P 1'8 2°1 2°2 

81.8 82.7 

79.7 80.8 
81.6 85.2 

83.6 
83.2 
88.6 
90.4 
91.3 
90.4 

82.3 
84.7 
83.8 
90.1 
90.7 
91.5 
91.8 

85.3 86.4 

83.8 86.6 82.5 99.3 

81.6 84.3 82.3 100.5 

85.4 86.4 78.7 91.8 
83.6 86.6 81.6 95.0 
85.9 89.7 75.2 88.6 

84.5 87.1 72.5 84.7 
90.2 94.1 69.3 85.2 
92.3 95.6 70.1 86.8 
91.9 97.2 68.5 85.2 
93,0 96.6 63.2 80.3 

87.2 90.4 74.7 89.3 

p 2°3 

104.9 

108.3 
97.3 

101.1 

92.2 

94.8 
92.2 
88.6 
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Figure l: AVERAGE PLANT HEIGHT IN VARIQUS SPACINGS IN SPL AND FAN 

DURING ~ 1.1 
THROUGH 9, 1.8° 

The results presented in Tables 2 
R! 3 reveal thai the spacing treatments 
with arca 900 sq. cm and*above had 
greater plant height in SPL than the 
height in FAN. Te plant height (Table z, ~ ~ ~ 1es i% Sp,'iian iS'Im Sp,, 
2? having me same area (goo sq. 
) per plant but differing in rectangu-

Likewise Sp, haa"Smaller plant heiglit 
""ash period of observation during 
both the years compared with that in Sp,, 

both having same area per plant but 
differing in rectangularity, 8:3 in Sp 
and 6:I in Sp,. The results, therefore, 
indicate that' the rectangularity i.e. 
inter and intra row spacing had some 
impact on ~ e giant *beigft of cotton 
IAN 579-188. Such information can 
not be obtained for FAN as it has €g 

The difference ii plant height in the 
corresponding spacing of FAN and SPL 
are indicative of bias in the estimates. 
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TABLE 3 
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Spacingwise plant height, in cm, during each period of observation in SPL. 

19.3-74 1974-75 

Sp; p 
1'1 

p 
1°2 

p 
1°3 

p 
1°4 

Sp, 76.6 81.2 82.7 83.9 

Sp» 67.4 73.8 77.4 78.1 

Sps 71.2 76.3 77.8 79.2 

Sp, 73.6 79.6 81.7 83.2 

Sps 75.9 84.4 87.9 89.7 

Sps 80.0 90.5 94.5 96.8 

Sp, 88.5 98.3 101.8 103.4 

Sps 85.0 100.3 106.3 108.4 

82.5 97.1 102.8 105.2 

Average 77.9 86.8 90.3 91,7 

The smallest and largest spacings were 

common in SPL and FAN i.e. Sp, 

matched with S, and Sp, matched with 

S,o- Two more spacings; Sp, with S 
and Sp, with S, nearly matched (about 

I % difference) in terms of area per 

plant. The matching pairs Sp, and Si, 

Sp, and S~, Sps and S, and Sps and 

S,a have been coded as S'~, S'~, S' ~ and S', 
respectively. The differences in plant 

height (FAN vs SPL) in these spacings 

ranged from -10.92% to 1.78% in 

S'~,-0.79% to 4.31 % in S'~,- 15.88% to 

-5.55 % in S' ~ and-22.10% to-12.56% 

in S', during first year. The correspond­

ing difference observed during second 

year were 12.13% to 17.50%in S'~, 0.16 

to 7.51 % in S'~, -9.02% to0.5-1% in 

S', and-17.35% to-9.9O in S'~. The 

trend in difference in plant height (FAN 

vs SPL) in S'~, S', and S', was con­

sistent in both the years. But S', had 

inconsistent trend in two years which 
may be duc to seasonal fluctuations. 

It is clcar from the results that the 

FAN design gives underestimation of 

plant height when arca per plant was 

900 sq.cm and above. This is supported 

by the results presented in Figures I 
and 2 also. 

p 1°5 p 1°6 p 1'7 P 1°8 
P 2°1 P 2'2 

84.9 85.2 86.2 88.1 71.7 88.6 89.6 

78.8 80.1 80.8 81.1 73.2 91.9 94.2 

80.2 81.3 81.5 84.1 72.4 92.6 93.6 

84.1 84.8 87.9 90.8 82.6 100.5 100.9 

91.2 91.5 93.1 94.7 74.1 94.0 95.8 

99.5 97.3 97.4 101.2 77.0 94.6 94.8 

104.9 105.3 106.2 107.4 86.4 111.0 111.5 

110.2 110.3 111.3 113.9 79.8 102.4 102.7 

107.4 107.4 108.5 I 10.5 72.4 97.2 98.3 

93.5 93.7 94.8 96.9 76.6 97.0 97.9 

TABLE 4 

Spacing-wise number of bolls per plant 

in SPL and FAN. 

Sp; SPL S, FAN 

1973-74 1974-75 1973-74 1974-75 

Sp, 8.80 7.16 s 1 6.73 4.82 

Sp 6.10 6.64 S 2 6.07 4.32 

Spa 8.66 7.40 s 3 6.33 3.80 

Sp, 9.67 8.04 s 4 7.40 4.37 

Sp 10.93 8.68 S- 7.38 4.63 
Sp 15.36 11.24 s 6 9.53 5.37 
Sp, 15.43 7.72 S 7 12.75 5.80 

Sps 19.26 9.40 s 8 13.07 7.18 

Spa 22.46 10.60 s 9 15.40 8.48 

s 10 18.32 9.95 

Average 12.74 8.54 9.88 5.67 

Number of bolls per plant for 

various spacings in FAN and SPL are 

presented in Table 4 and are grapbi­

cally presented in Figure 3. 

The examination of the results (Tabl® 

) reveals that in general, the number ol 

bolls per plant in FAN was less than 

that in SPL during both the years. Like 

plant height, rectangularity played 

vital role in the performance of the a 
tribute in the spacing trials. The com* 
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parison of common spacing treatments 
(FAN vs SPL) over seasons showed 
that the S',, S'~, S', and S', had negative 
differences in the number of bolls per 
plant. It is also clear from Figure 3 
that, except for one spacing Sa in FAN, 
all other spacings in SPL had greater 
number of bolls per plant than the 
corresponding spacing in FAN. On the 
basis of two season's data it can be 
concluded that the estimates of the 
average number of bolls per plant in 
FAN are biased. 

Cotton yield per plant for various 
spacing treatments in FAN and SPL 
are presented in Table 5 and are depicted 
in Figure 4. 
TABLE 5 
Spacingwise cotton yield 
in SPL and FAN. 

Spj 

Sp, 
Spa 
Spa 
Sp, 
Sps 
Sps 
Sp, 
Sps 
Sp 

SPL 

1973-74 1974.75 

11.52 7.87 
18.45 10.37 
22.58 13.77 
24.63 15.04 
37.49 20.04 
47.4i 22.15 
43.31 23.80 
59.13 28.54 
69.06 32.23 

S 

s 1 

s 2 

s 
s 
s 
s 
s 
s 
s 
s 

8 

9 

10 

5 

6 

3 

Average 37.06 19.63 ~ 

per plant 

FAN 

1973.74 1974-75 

19.11 12.09 
16.77 10.58 
18.25 9.78 
20.18 10.30 
20.84 11.32 
26.83 12.30 
34.34 12.98 
40.63 16.28 
45.06 18.28 
53.42 22.89 

29.54 13.68 

The results presented in Table 5 reveal 
that the average cotton yield per plant 
in SPL was more than thatin FAN. The 
cotton yield per plant increased with the 
increase in arca per plant in SPL during 
both the years of study. In case of FAN 
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increased with the increase in spacing 
The spacings Spa and Sp, (having same 
arca of 900 sq.cm) and Sp, and Sp, 
(having same area of 1350 sq.cm) in 
SPL showed deviation in cotton yicla 
per plant which may be attributed ~ , 
rectangulari ty. 

The differences in cotton yield per plant 
in the corresponding spacings of FAN 
and SPL are indicative of bias in the esti­
mates. These differences for S'~, S'~, S', 
and S', were compared and found that 
the average cotton yield in S', in FAN 
was more than that for the corresponding 
spacing in SPL in both the years. In case 
of S'~, S' ~ and S', the average cotton 
yield per plant in SPL was more than in 
FAN. Itis evident from the Figure 4 that 
the cotton yield per plant was more in 
SPL than that in FAN when the area 
per plant is 900 sq.cm and above. The 
results thus lead to the conclusion that 
the estimates of average cotton yield per 
plant in FAN are biased. 

The results presented in Tables 2 
through 5 revealed that the FAN, in 
general, gives underestimation of plant 
height, number of bolls per plant and 
cotton yield per plant. Tedin (1931), 
Barbacki and Fisher (1936), Yates (1939), 
Greenberg (1951) and Salmon (1955) 
had also reported bias in systematic ar­
rangements. 

The adjacent plots of FAN may have 
a border (marginal) effect on each other 
which is not possible to evaluate directly. 
Hence the alternative layouts were simula­
ted and studied for obtaining estimates ol 
border effect, if any. It was observed that 
therewasno border effect and the FAN can 
be used for spacing experiments on croF the cotton yield per plant decreased with monopodical type of growth habi! from 19.11 in S, to 16.77 in S, during such as cotton IAN 579-188 (Patel, 1978): 

first year and from 12.09 in S, to 9.78 in The bias observed in treatment mean S, during second year and thereafter it in FAN was due to systematic arrangemen" 
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of single row plots. Therefore , a method for 
adjustment of bias need to be developed 
particularly for FAN design. The ractan­
gularity plays vtal role in crop geometry 
and thercfoic, it should be given due 
consideration in planning of the spacing 
experiments. 
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ABSTRACT 

Experiment was conducted to study the effect of sheltering during summer on 
serum PBI content in order to assess the thyroid activity in Kankrej and Kankrej 
Jersey (F, ) cattle. Serum PBI content in sheltered group was higher by 14.56 and 
11.24 per cent than that of the exposed group in Kankrej and Kankrej ~ Jersey (F,) 
respectively. The difference in PBI content for two groups was highly significant 
0.01) in Kankrej and significant (P~0.05) in Kankrej x Jersey (F,). Week to week varia­
tion in PBI content was highly significant (P~0.01) in both the breeds for sheltered 
as well as exposed group. 

Findings revealed that under summer stress thyroid activity is significantly 
suppressed in indigenous as well as crossbred animals and .sheltering definitely helps 
in maintaining higher thyroid activity. (Receiveed on 11th Aug. 1981) 

INTRODUCTION 
Thyroid hormones play an intricate 

role in nutrient metabolism, promotion of 
growth and milk production (Turner, 1966). 
Serum protein bound iodine (PBI) content 
is an important indicator to assess the 
level of circulating thyroid hormones. 
Depression in thyroid activity during hot 
environment has bccn documented (Thom­
son et al. 1963; Kapoor and Mahadevan, 
1971; Kapoor et al. 1974). Investigations 
discussing effect of sheltering (especially 
during summer stress) on thyroid activity 
in indigenous and crossbred cattle under 
tropical/sub-tropical climate could not be 
traced. Thereforc, in the present paper an 
attempt has been made to furnish some in­
formation on this aspect in Kankrcj and 
Kankrej X Jersey (F,) crossbred cattle. 

MATERIALS AND METHODS 
An experiment was conducted at Veteri­

nary Science College, Anand during in­
tense summer (March, 28 to June, 28, 1978). 
Twelve Kankrej heifers (16-37 months) 
and 12 Kankrej X Jersey (F,) crossbred 
male calves (10-15 months) were the ex­
perimentala nimals. Two groups, each ol 
6 animals were made on the basis of age 
and body weight of the animals for both 
respective breeds. One group from each 
breed was kept in an open yard, com­
pletely exposed to sun and the other 
was sheltered in a shed with a dom 
shape roof. 
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Blood samples of all the experi­
mental animals were collected once in 
a week and separated serum was used for 
PBI estimation. Serum PBI was esti-



Cochran (1967). was 5.90 and 5.15 µg/100 ml respec­
tively. The sheltered group had 14.56 
per cent higher PB! concentration than 
the exposed group. This defference of 
PB! content was highly significant 
(P ~ 0.01). It can further be noticed 
that the week to week variation in 
serum PBI concentration was also 
highly significant (P ~ 0.01) in both 
exposed as well as sheltered group. 

PATEL ET AL.: EFFECT OF SHELTERING ON SERUM PBI 

mated as per the method of Acland It can be scen from the presented 
1957). Statistical analysis of the data data that the average PBI content in 

was carried out after Snedecor and serum of sheltered and exposed heifers 
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RESULTS AND DISCUSSION 
Protein Bound Iodine (PBI) 
(a) Kankrej heifers: Average serum 

PBI content of Kankrej heifers of 
sheltered and exposed group for 
different weeks under study is pre­
sented in Table 1 alongwith 
ANOVA. 

TABLE 1 

Average serum protein bound iodine content of Kankrej heifers. (ug per 100 ml). 

Weeks Shed group Exposed group Average 

1 4.48 3.58 4.03 
2 4.48 3.92 4.20 
3 3.93 3.20 3.57 
4 7.46 6.53 7.00 
5 4.15 4.29 4.22 
6 8.25 7.79 8.02 
7 7.32 6.85 7.09 
8 7.32 5.35 6.34 
9 5.65 4.64 5.15 • 

10 5.73 4.66 5.20 
11 5.55 5.15 5.35 
12 6.03 5.19 5.61 
13 6.35 5.85 6.10 

Average 5.90 5.15 5.53 

ANOVA 

Sources of d.f. S.S. M.S. Cal. F. Table value of F 
variation 5% 1% 
Weeks 12 43.27 3.61 29.87** 2.69 4.16 
Treatment I 3.62 3.62 29.98** 4.75 
Error 12 1.45 0.12 - -
Effect S.Em. : C.D. at 5% : C.D. at 1% 
Weeks 0.25 0.76 1.08 6.30 Treatment 0.10 0.31 0.43 
**Significant at P ~ 0.01. 
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group for different weeks under 

study is presented in Table 2 along 

with ANOVA. 

It ranged from 3.93 to 8.25 µg/100 

ml for the sheltered group and 3.20 to 

7.79 µg/100 ml for the exposed group. 

(b) Cross bred males: The average serum Data presented in Table 2 showed 

PBI content of castrated crossbred that the average serum PBI content of 

males of exposed and sheltered sheltered and exposed group was 5.54 

TABLE 2 
Average serum protein bound iodine content of castrated crossbred males. 

ug per 100 ml). 

Weeks Shed group 

l 4.11 

- 3.76 

3 5.54 
4 7.16 

5 4.48 
6 7.14 
7 6.67 
8 5.69 
9 5.66 

IO 6.69 
11 5.67 
12 4.66 
13 4.83 

Average 5.54 

ANOVA 

Sources of d.f. S.S. 

variation 

Weeks 12 27.69 
Treatment 1 2.19 

12 3.63 

Effect S.Em. : C.D. at 5% 

Weeks 0.39 1.20 
Treatment 0.15 

*Significant at P ~ 0.05 

* *Significant at P ~ 0.01 

and 4.96 µg/100 ml respectively. The 

males housed in the shed had 11.24 

per cent higher PBI content than those 

kept in the open. This difference in PBI 
content was statistically significant (P 

Analysis of the data further reveal­

cd that the week to wcck variation in 

serum PBI concentration was highly 

sig gnificant (P ~ 0.01) for both the 

groups. PBI content varied from 3.76 

Exposed group 

M.S. 

2.31 
2.19 
0.30 

2.45 
4.49 
5.71 
6.46 
4.88 
6.52 
5.45 
4.45 
3.93 
6.41 
4.63 
4.65 

4.96 

Cal. F. 

7.62** 
7.24* 
-

: C.D. at 1% : c.v. % 

1.68 10.50 
N.S. 

Average 

3.28 
4.13 
5.63 
6.81 
4.68 
6.83 
6.06 
5.07 
4.80 
6.55 
5.15 
4.66 
4.66 

5.25 

Table value of F 

5% 1% 

5% 1% 
2.69 4.16 
4.75 9.33 

-

to 7.76 µg/100 ml for the exposed 

group. The range of serum PBI con­

centration for sheltered group in the 

present study is higher than that re­

ported by Singh et al. (1970) for 

Sahiwal x Holstein crosses. 

Analysis of variance showing the 

influence of week, shelter, breed and 

various interactions on serum PBI 
oncentration are shown in Table 
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TABLE 3 
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Analysis of variance of experimental data. 

Source 

Breed group (G) 

Weeks (W) 

Shelter (S) 

S x G 

W x S x G 

* *Significant at 1% level. 

d.f. S.S. 

1 0.98 

12 57.81 

5.72 

12 13.145 

12 2.54 

1 0.90 

12 2.5445 

It is evident from the results that 
week and shelter both had significant 
influence ( P ~ 0.01) on serum PBI 
content. Influence of breed was ob­
served to be non-significant. Among 
interactions, week x breed interaction 
was found to exert a significant in­
fluence. It is difficult to give the pre­
cise explanation for the same. How­
ever, significantly lower values of serum 
PBI of exposed group in comparison to 
sheltered one clearly suggest that under 
summer stress thyroid activity of the 

TABLE 4 

MSS 

0.98 

4.82 

5.72 

1.095 

0.29 

0.090 

0.212 

4.62Ns 

22.73** 

26.98** 

5.16** 

1.37Ns 

0.42Ns 

SEM CD 0.05 

0.09 

0.2 

0.o9 

0.33 

0.71 

0.28 

1.07 

animals is suppressed considerably and 
sheltering is definitely beneficial for 
maintaining high thyroid activity (serum 
PBI level) both in indigenous as well 
as crossbred cattle. 

(c) Climatic elements and Serum PBI 
Concentration: In order to find out 
all possible relationships between 
various climatic elements and PBI 
content of serum, correlation co­
efficients were worked out. The 
results are presented in Table 4. 

Correlation coefficient between serum protein bound iodine and climatic elements. 

Climatic elements Crossbred males Kankrej heifers 

Shed Exposed Shed Exposed 

group group group group 

Average ambient temperature 0.41 0.27 0.19 0.22 

Maximum temperature 0.31 0.21 0.06 0.05 

Minimum temperaturc 0.30 0.19 0.37 0.33 

Mean temperature 0.50 0.33 0.36 0.3 

Diurnal difference -0.02 0.00 0.2l 0.19 

Average vapour pressure 0.37 0.34 0. ~ 3 0.38 

Average relative humidity 0.06 0.1 5 0.20 

Duration of sunshinc 0.12 0.09 0.05 



Results showed that the average 
ambient temperature, maximum tcm­
perature, minimum temperaturc, ave­
rage vapour pressure and average rela­
tive humidity had non-significant but 
positive association with serum PBI 
concentration in both the breeds, for 
those housed in shed as well as kept 
in open. The diurnal difference had ne­
gative association with serum PBI in 
both the breeds for both the groups. 
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ABSTRACT 
Fungal rennets, namely, Meito and Rennilase were compared with calf rennet for manufacture of buffalo milk cheddar cheese, using them alone or as 50:50 mix­tures of their own and with calf rennet. The rennets and their combinations had statistically identical cheese vat performance to calf rennet with regard to curd characteristics, acid development, milk solids losses ~ in whey, yield of cheese and gross composition of fresh buffalo cheddar cheese and therefore modifications in the existing procedure for manufacture of buffalo milk cheddar cheese using calf rennet were not required. It is concluded that these coagulants can be successfully used as calf rennet substitutes provided that they also compare favourably during ripening. 

INTRODUCTION 
In recent years, for cheese-making, 

milk coagulants derived from Mucor 
species, viz. Mucor pusillus Lindt and 
Mucor miehei have found greater accep­
tance as calf rennet substitutes Green 
( 1977). Successful cheddar cheese-making 
trials, using these fungal rennets have 
been reported by many workers (Phelan, 
1973; Robertson and Gilles, 1969; 
Wigley, 1947). However, all these reports 
are on the cheddar cheese made from 
cow milk and information on techno­
logical suitability of Mucor rennets for 
manufacture of cheddar cheese from 
buffalo milk is lacking. 

In view of this, two commercial 
preparations, namely, Meito (derived 
from M. pusillus Lindt) and Rennilase 

(Received on 26th Sept. 1984) 

(dervied from M. miehei) were selected 
and compared with part (50 %) or full 
replacement of calf rennet for manu­
facture of buffalo milk cheddar cheese. 
In this paper we report the perfor­
mance of the above rennets and the 
combinations, during cheese-making 
with respect to (i) curd characteristics 
(ii) influence on acid production (iii) 
milk solids losses in cheese whey (iv) 
yield of cheese and (v) composition of 
fresh cheese. 

MATERIALS AND METHODS 
Calf rennet (activity: 100000 

units/g; Chr. Hansen's), Meito rennet 
(activity: 300000 units/g; Meito Sangyo 
Co. Ltd., Japan) and Rennilase (activity : 
150000 units/ml.; Novo Industries, Den­
mark) were used as coagulants for 



cheese-making in the following combina­

lions, 
(~) Galt' rennet (C). . . . Control 
(2) Meito rennet (M). . . .alone 
(3) Reunilase (R). . . . alone 
() Calf + Meito (CM).. . .1 : I (w/w) 
(5) Calf + Rennilase (CR). . . . 1 : I (w/v) 
(6 Meito + Rennilase (MR) 

.... 1 : I (w/v) 
The above rennets and the combi­

nations were added in quantities suffi­
cient to give a setting time of 30-35 
min at 32° C. 

Cheddar cheese culture No. 1288 
(Wiesby Lab; West Germany) was used 
as starter culture throughout the study. 
Ninety kg. of fresh, pooled, standar­
dised (casein to fat ratio 0.686), pastcu­
rized (72° C for 15-16 sec.) buffalo 
milk having 4.57% fat and 3.135% 
casein was used for cheesc-making. 

GAU RES 

'The data obtained 
to statistical analysis as per 
Torrie (1960). 

subjc~f 

RESULTS AND DISCUSSION 

Manufacture of cheddar cheese from 
buffalo milk : 

In all, eighteen batches of cheese, 
three for each rennet and rennet combi­
nation, were prepared as per the me­
thod of Van Slyke and Price (1952), as 
outlined for cow milk cheddar cheese, 
with the following modifications: higher 
rate of starter addition (1.5%), slightly 
higher temperature of setting (32° C), 
cooking at low temperature (36° C) cutting while manufacturing cheddar 
for a shorter time (~6O min) and 
early as well as high piling during Mucor pusillus Lindt rennet and their 
cheddaring. 

The measurement of NPN liberated 
at cutting showed identical values for 
different rennets and their combina­
tions, ranging fiom 0.034 to 0.035% 
This is in agreement with the results 
of Kikuchi et al. (1968) who observed 
similar trend of release of NPN at 

cheese from cow milk using calf rennet, 

combinations. 

The details of comparative perfor. 
mancc of various rennets during chcd. 
dar chccsc-making from buffalo milk 
are depicted in Table 1. The data show 
that all the rcnncts gavc almost iden­
tical setting timc, ranging from 33 to 
35 min. The vats set with C, M, R 
and CM rennets had same setting time 
of 35 min, whereas the vats set with 
CR and MR showed a slightly shorter 
setting time of 33 min. The little shorter 
setting time observed with CR and MR 
rennets could be attributed to some­
what higher setting acidity (0.18%) of 
milk set with these rennets. 

The cheese whey obtained was ana­
lysed for titratable acidity. (Is: 1479, 
Part I, 1961) fat. (Is: 1224, Part, I, 
1977) total solids and total protein. 
(Is: 1479, Part IH, 1961). The non 
protein-nitrogen (NPN), soluble in 12% 
TCA was determined by Kjeldahl 0.470, 0.475 and 0.473 
method. 

The influence of the milk coagu­
lants on acid development at different 
stages of cheddar cheese-making reveal­
ed similar pattern. The final acidit 
at milling for C, M, R, C~I, CR and 
MR rennets was 0.466, 0.469, 0.468, 

o respectively, 
showing that starter activity during 

The representative samples of fresh 
cheeses were analysed for moisture (IS : 
1479, Part II, 1961) fat (IS: 2785, 1964) 
salt and total protein Kosikowski (1970). 

cheese-making was neither stimulated nor 
inhibited by any of the rennet or rennet 
combination tested. Similar results have 
been reported by Nelson (1969) for 
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TABLE I 
Comparative performance various rennets during cheddar cheese-making 

buffalo milk. 

Manufacturing 

Acidity of milk at ripening 
Rate of addition of starter 

Temperature of milk 
Time spent for acid 

development 
Milk acidity at renneting 

Setting or Renneting: 

Rate of rennet addition 

Temperature of milk 
Time taken for setting 

Cutting : 

Whey acidity 
NPN of whey at cutting 

Cooking : 

Final temperature 
of cooking 
Period 
Final acidity of whey 

Cheddaring : 

Initial acidity of whey 
Final acidity of whey 
Period 

Time after addition 
of rennet 

Acidity at milling 

Rennet used 

C M CM CR MR 

% L.A. - 0.165 0.165 0.165 0.168 0.171 0.171 

% (w/w) 1.5 1.5 1.5 1.5 1.5 J.5 
0 C 30 30 30 30 30 30 

Min 
% L.A. 

g or ml*/ 
100 L 
°C 

Min 

% L.A. 
% 

0 C 

Min 
0/ L.A. 

% L.A. 
% L.A. 
Hr. Min. 

Hr. Min. 
o/ L.A. 

45 
0.174 0.174 0.174 

3.75 
32 

35 

1.75 
32 

35 

2.0* 
32 

35 

0.09 0.09 0.09 

0.177 
45 
0.180 

45 
0.180 

1.2541.25 *1.25+1.25* 1.0+1.0* 
32 32 32 

35 

0.10 0.10 0.10 

0.035 0.035 0.034 0.034 0.034 0.034 

36 
60 

0.127 

36 
60 
0.127 

0.167 0.170 

2.30 

0.450 
2.32 

4.50 4.52 
0.466 0.469 

36 
60 
0.127 

0.163 
0.453 
2.30 

36 
60 
0.133 

0.170 
0.456 
2.38 

4.50 4.58 
0.468 0.470 

36 
60 
0.133 

0.170 
0.447 
2.35 

4.53 
0.475 

36 
60 

0.133 

0.170 
0.458 
2.35 

4.53 
0.473 

400 
Amount of salt g/100 L 

400 400 400 400 

Pressing : 

Period Hour 
_Yield after pressing 

Average of 3 trials 
*Rennilase added on volume basis. 

18 
11.750 11.500 11.420 11.500 11.420 11.330 

18 18 
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cheddar cheese-making hom cow 

using calf rennet, M, u~illus 
rennet and their mixture, 

'The quality of eurd, its charac­
teristics and behaviour at different 
stages of cheese-making did not show any 
appreciable differences for the various 
rennets and their mixtures. 'The total 
time for cheese-making also was almost 
imilar for all the vats set with different 

The weight of chccse obtained with 
different rennets varicd from 11.33 kg 

TABLE 2 

GA U RI,' 

for MR rennet cheese to 11,75 kg fr~, 
C rennet cheese, However, the 
rences in yield were non-significant 

Composition of cheese whey 

'Table-2 contai ns the data on far 
protein and solids contents of cheddaj 
cheese whey obtained by using di~e. 
rent coagulants and collected upto the 
cnd of chcddaring. The mcan value, 
for fat content were identical (0.27%, 
in all whcy cxccpt in case of whey 
from rcnnct C which was little lower 
than other coagulants (0.25~). The 

Composition of cheese whey obtained with different rennets. 

Rennet Vat 

C 0.25 

(0.20-0.30) 

M 0.27 

(0.20-0.30) 

R 0.27 

(0.20-0.35) 

CM 0.27 

(0.20-0.30) 

CR 0.27 

(0.20-0.30) 

0.27 

(0.20-0.30) 

Figures in the parentheses indicate range. 

average values for protcin content rang­
cd between 0.999 and 1.018%. The 
lowest value was observed in casc of 
rennet C and the highest in casc of 
rennet CM. The average solids content 
of whey ranged from 6.48% for CM 
rennet to 6.68% for rennet R. The 
whey from chcesc made with other 
rennets showed intermediate valucs. 

The differences in the valucs of 
fat, protein and solids contents of whey 
from different rennets were statistically 

constituent( /,) 

Total protein 

0.999 6.57 

(0.960-1.040) (6.25-6.69) 

l .01 J 6.52 

(0.98-1 .050) (6.32-6.65, 

1.011 6.68 

(0.940-1.052) (6.34-7.00) 

1.018 

(1.00-1.04) (6.16-6.84) 

1.007 6.66 

(0.97-1.04) (6.43-6.84) 
1.017 6.65 

(0.98-1.04) (6.48-6.77) 

non-significant and were well within the 
limits normally and practically observed 
with chcesc-making from buffalo milk. 
Thus, all the milk coagulants studied 
proved equal to rennet C, used as 
control. 

The trend of losses of fat, protein 
and solids observed in the whey obta­
ined from buffalo milk in the present 
study is supported by the findings of 
Robertson and Gilles (1969) for protein, 
Labuschagne and Jaarsma (1970) for 
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solids content in cheddar cheese whey 
obtained from cow milk using calf and 
Mucor rennets. On the other hand, 
some workers (Green and Stackpoole 
975; Labuschagne and Jaarsma, I970; 
Richardson, ct al. 1967) have reported 
higher fat losses in cheese whey ob-
tained from Mucor rennets. Reps et al. 
(1974 a, b, c) and Poznanski et al. (1974) 
reported higher N looses in whey obtained 
with Meito rennet. The higher losses of 
fat and protein were attributed to softness 
of curd with these Mucor rennets. 
TABLE 3 

Composition of cheese 

The data in Table 3 represent 
average composition of fresh cheddar 
cheese made from buffalo milk using 
different renncts. The ranges of mcan 
values for moisture, fat, protein and salt 
for cheeses made with different rennets 
were 36.78 - 37.35, 32.28 - 32.58, 24.50 
- 25.01 and 1.48 - 1.56 % respectively. 
The highest values for moisture, fat, 
protein and salts were observed in 
cheeses made with MR, M, CR and 

Average composition of cheddar cheese made with different rennets. 

used 

C 

R 

CM 

CR 

MR 

Moisture 

36.92 

(35.58-38.22) 
37.12 

(36.45-37.56) 
36.78 

(36.08-37.59) 
37.20 

(36.24-37.81) 
37.05 

(36.35-37.60) 
37.35 

Total solids 

63.08 

(61.78-64.20) 
62.88 

(62.44-63.57) 
63 22 

(62.41-63.92) 
62.80 

(62.19-63.76) 
62.95 

(62.40-63 
62.65 

.55) 

(36.95-37.89) (62.11-63.05) 

Figures in the parentheses indicate range. 

MR and CM respectively, whereas the 
lowest values for these constituents 
were noted in R, C, C and M cheeses 
respectively. 

The variations observed in the va­
lucs of these components were well within 
the limits experienced with normal 
cheddar cheese-making. Compositional­
ly, cheeses made from buffalo milk us­
ing Mucor rennets and their mixtures 
were comparable to C rennet used 
as control. 

The above findings are in agree­
ment with those of Wong et al. (1976) 
and others (Green and Stackpoole, 

Constituent (%) 

Fat 

.80) 

32.28 
(31.48-33.18) 

32.58 
(31.59-33.22) 

32.40 
(32.00-32 

32.43 
(32.20-32.56) 

32.30 
(32.01-32.79) 

32.40 
(31.49-32.86) 

Protein 

.33) 

24.50 
(23.31-25.11) 

24.78 
(24.59-25.04) 

24.89 
(24.45-25 

24.75 
(24.40-25.06) 

25.01 
(24.72-25.30) 

25.01 
(24.63-25.46) 

Salt 

1.52 
(1.49-1.56) 

1.48 
(1.36-1.62) 

1.53 
(1.44-1.65) 

1.56 
(1.53-1.58) 

1.53 
(1.44-1.64) 

1.54 
(1.47-1.63) 

1975; Labuschagne and Jaarsma) 1970; 
Nelson, 1969; Robertson and Gilles, 
1969) who obtained comparable results 
for calf rennet and Mucor rennets for 
cheddar cheese made from cow milk. 

Published data on proximate com­
position of buffalo milk cheddar cheese 
made with fungal rennets are not 
available for comparison. However, the 
values observed in the present study, 
for cheeses made with calf rennet, 
Mucor rennets and their mixtures, for 
moisture, fat and protein are almost 
comparable to those obtained by Czu­
lak (1964) for moisture, Neogi and Jude 
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TABLE 4 
Average yield of cheese and recovery of fat, protein and total milk solids in cheese 

Rennet Field o ~ 
Par cent recovery 

Fat Protein Total milk solids 

C 12.86 

(12.59-13.14) 

12.59 

(12.59) 

12.50 

(12.04-12.86) 

12.59 

(12.32-13.14) 

12.50 

(12.04-13.14) 

12.41 
(12.04-12.86) 

92.32 

(87.43-96.18) 

78.74 

(74.79-80.84, 

77.97 

(75.87-79.28) 

77.75 

(73.56-81 

77.83 

(71.11-78.56) 

78.09 

(75.87-81 
77.52 

(75.78-78.59) 

56.69 

(54.40-59.31) 

55.39 

(54.93-56.17) 

55.24 

(53.05-57 

55.24 

(53.58-57.57) 

54.99 

(52.40-58.56) 

54.55 

(53.07-56.65) 

CM 

CR 

91.15 

(89.70-92 
90.00 

(86.91-93 
90.69 

(88.31-93 
89.75 

(85.05-95 
89.40 

(83.67-93.26) 

.27) 

.05) 

.09) 

.33) 

.27) .67) 

.45) 

Figures in parentheses indicate range. 

(1978) for fat and Bhattacharya et al. 

(1970) for protein in cheddar cheese 
made from buffalo milk using calf rennet 
as coagulant. 

Yield of cheese and recovery of milk 
constituents 

The data reported in Table-4, on 
per cent yield of cheese (kg of cheese 

per 100 kg milk), exhibited highest 
yield of 12.86% with rennet C and 
lowest of 12.41% with MR rennet. 

The other coagulants showed yield va­
lues within this range. 

The ranges for mean values for 
recovery of fat, protein and milk solids 

were found to be 92.32-89.40, 78.74-
77.52 and 56.69-54.55% respectively for 
buffalo milk cheddar cheese made with 
different rennets. The highest recovery 

of these components was observed with 
rennet C followed by rennet M except 
for protein recovery, in which rennet 
CR was little superior to rennet M. 
Least recoverics for all the t~irec compo­
nents were observed with MR rennet. 

This could be attributed to higher 

moisture content of the cheese. The 

observed differences in the yield and 

recovery of fat, protein and milk solids 

in cheddar cheese made with different 
rennets, however, were statistically non-

significant and therefore the various 

coagulants studied could be considered 

equally satisfactory from yield and re­

covery points of view as compared to 
rennet C used as control. 

The above observations on yield 
of cheddar cheese made from buffalo 

milk with calf rennet, Mucor rennets 

and the mixtures are supported by sii­
lar findings of Robe''son and Gilles 
(1969) and others (Nelson, 1969, 1975; 

Phelan, 1973) for cheddar cheese made 

from cow milk using calf and Mucor 
rennet. As against this, Kikuchi et al; 
(1968) ana" Wigley (107ii reported 

lower cheese yields with Mucor reune# 
as compared to calf rennet used as 
control in cow milk. Labuschagne and 
Jaarsma (1970) reported lower re 

made with Mucor rennets compared 
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to calf rennet, owing to higher fat 
losses in whey. 

The comparative data on yield 
and recovery of milk constituents in 
cheddar cheese made from buffalo milk 
using Mucor rennets are lacking. How­
ever, the values of yield end recovery 
of fat and milk solids noted in the pre­
sent study are comparable to those ob­
tained by Bhattacharya et al. (1970) for 
cheddar cheese made from buffalo milk 
using calf rennet as tne coagulant. 
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Check Basin Size for Irrigating Chick-pea in Heavy Black Soils 
M. Mallik, S. D. Patel and R. S. Joshi 

Main Irrigation Research Centre, GAU, Navsari Campus, Navsari 
ABSTRACT 

An experiment was carried out to find the proper size of check basin and corres­ponding optimal flow rate for irrigating chick-pea (Cicer arientinum, cv. 'Dahod yellow') in black cotton soil of South Gujarat at the Main Irrigation Research Centre, Navsari during November to March 1979-80 and 1980-81. The study was conducted on four sizes of check basins (50 m~, 72 m~, 98 m and 128 m~) and three inflow rates (3.0 1/sec, 4.5 1/sec and 6.0 1/sec). The statistical analysis of the data indicated that the check basin of 50m size with 3.0 1/sec inflow rate was suitable for irrigating chick-pea. 
(Received on 30th Aug. 1982) 

INTRODUCTION 
The check basin method of irriga­

tion is by far the most common method 
of irrigation in India and many parts 
of the world. This method of irrigation 
is well suited for a wide variety of 
crops and soils. The pattern of irriga­
tion and sizes of check basins, however 
differ considerably from place to place 
depending upon the local conventional 
practice followed by the farmers, who 
generally do not possess sufficient know­
ledge regarding the proper sizes of 
check basins and inflow rates for various 
crops and soils. For the given soil cha­
racteristics of a region, with a suitable 
combinations of plot size and inflow 
rate, it is possible to apply required 
amount of water uniformly throughout 
the basin. 

Information to recommend the opti­
mum size of check basin for efficient 
use of water is scanty. Ram et al. 
(1976) reported that the highest wheat 

yield was obtained in the check basin 
of 5m x 5m on sandy soil. Yadav 
(1973-75) reported that maximum 
wheat yield (25.47 q/ha) and water 
use efficiency (109 kg/ha/cm) were ob­
tained in check basin of 250 m° size 
and non-erosive inflow rate on sandy 
loam soils. Slabbers (1971) carried out 
study at the Marvedasht pilot project 
at Iran and found that a rectangular 
basin size of 25mx 10m was best for 
growing sugar beet in sandy loam 
soils. Wayse et al. (1980) reported that 
in clayey soils, check basins of 8.33mx 
6m size with 8 1 /sec inflow rate was 
suitable for irrigating wheat crops. It 
was further reported that rectangular 
shape was superior to other shapes. 
Hence the soil type, crop and flow 
rates are the major factors affecting the 
check basin size considerably. 

Chick-pea, which is one of the 
major pulse crops in India, is normally 
grown under unirrigated conditions. 
However, recent studies (Joshi et al., 
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1979) have indicated that giving thrcc 
irrigations the yicld can be increased 
substantially. Since the normal practice 
of growing pulse crops in this country 
is by adopting check basin system, it 
follows that a properly designed check 
basin under irrigated condition will im­
prove the water application efficiency 
and the production of chick-pea. 

MATERIALS AND METHODS 

The experiment was conducted at 
the Main Irrigation Research Centre, 
Navsari, India during November to 
March of 1979-80 and 1980-81 in level­
led heavy black soils having pH 7 .95, EC 
0.37 millimohs/cm field capacity 32.44%, 
permanent wilting point 17.20%, clay 
content 62% and bulk density 1.42 
g/cm~. Chick-pea (cv. Dahod yellow) 
with 30 cm x 15 cm spacing was sown 
on 28th November and 21st November 
in the year 1979 and 1980 respectively. 
The experiment was laid out in split 
plot design with four sizes of rectangular 
(2 : 1 length breadth ratio) check ba­
sins, namely, 50m~, 72m~, 98m° and 
l 28m2 and three flow · rates, namely 
3.0, 4.5 and 6.0 1/sec replicated three 
times. Width of the irrigation channels 
and the peripheral bunds of the check 
basins were 60 cm and 30 cm respec­
tively. Infiltration rate was measured by 
concentric cylinder infiltrometer. Water 
TABLE 1 
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discharge was measured by Parshall 
measing flume. Soil moisture was de. 
termined gravimetrically just before and 
after 24 hours of irrigation at 0-15 cm 
15-30 cm, 30-45 cm, 45-60 cm ana 
60-75 cm soil depths to estimate diffe­
rent irrigation efficiencies. A light 
irrigation of 4 cm was applied for germi­
nation just after sowing. Three more 
irrigations each of 7.5 cm were applied 
at branching (30-35 days), flowering 
(55-60 days) and pod formation (70-75 
days) stages of chick-pea as per recom­
mendation of this centre. During the 
year 1981-82, a large scale trial was 
taken on a plot of 71 m x 90 m with 
the recommended check basin size and 
flow rate for testing the applicability 
of result in farmer's field. 

RESULTS AND DISCUSSION 
Infiltration rate 

The cumulative infiltration rate 
equation was developed as d=1.0l 
{0-38 where d is cumulative depth of 
infiltration in cm and t is elapsed time 
in minutes. The fit was found to be 
good. The instantaneous rate I=0.38 
-0.62 can be obtained from the above 
equation. 
Water application, storage and 
distribution efficiency 

The values of efficiencies for diffe­
rent check basin sizes and inflow rates 
are given in Table-l. 

Water application, storage and distribution efficiencies of chick-pea as influenced by 
check basin sizes and inflow rates. 

Check basin 

50 
72 
98 

128 

Water application efficiency 
in percentage for flow rates 

3.0 

87 
86 
83 
84 

(I/sec) 

88 
87 
87 
87 

6.0 

84 
86 
83 

Water storage efficiency in 
percentage for flow rates 

3.0 

70 
71 

(1/sec) 

67 
68 
69 
67 

6.0 

70 

67 

Water distribution efficiency 
in percentage for flow rates 

96 

92 

4.5 
(1/sec) 

6.0 

90 
95 
95 
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(i) 50 m (ii) 72 m and 98 m and (iii) 
I28m~. The highest yield was obtain. 

plot size with 3.0 l/sec and 4.5 l/sec ed from 50m plot size. Analysis of 
flow rates respectively and were signi- variance for pooled data indicated no 
ficantly superior over other treat- interaction between inflow rate and 
ments. The efficiencies of water sto- check basin size. Thus check basin 
rage of 70 and 71% for plot sizes of size of 50 m rate would give highest 

50 m and 72 m° with 3.0 1/sec flow yield. 

The efficiencies of water applica­
tion were 87% and 88 ~ for the 50 m 

rate were found better compared to 
other treatments. The highest distri­
bution efficiency of 96 ~ was obtained 
for the treatment combination of 50 m 
check basin size and 3.0 1/sec inflow 
rate. 
Yield 

The average yield for two years 
for different treatments combinations of 
plot sizes and inflow rates are given in 
Fig. 1. An analysis of pooled data 
(Table 2) on yield of the crop reveal­
ed that yield for all the three dis­
charge rates were significantly different 
from each other. The highest yield 
was obtained from 3.0 1/sec discharge 
rate. As far as plot size is concerned, 
it falls in three contrasting groups viz. 
TABLE 2 
Yield of chick-pea (q/ha) as influenced by 
check basin sizes and inflow rates. 

Check Grain yield for inflow rates of Mean 
basin yield 
area 

50 
72 

98 
128 
Mean 
yield 

3.0 4.5 

(1[sec) 

25.67 24.59 
25.60 22.56 
24.08 22.97 
23.68 22.14 

24.76 23.07 

S.Em 

Inflow rate 

Check basin size 

Interaction 

0.27 
0.24 

0.42 

6.0 

22.41 24.22 

21.81 22.32 
22.08 23.04 
19.93 21.92 

21.56 
C.D. 

at 5% 

0.69 

N.S. 

c.v. 
(%) 
5.72 
4.92 

The large scale trial (1981-82) of 
50 m° check basin size and 3.0 l/sec in­
flow rate gave average net plot yield 
of 30.88 q/ha and gross yield of 27.21 
q/ha. It was higher than the highest 
yield obtained from the experimental 
trial. It indicated that the recommen­
ded treatment combination would sus­
tain higher yield in farmers field. 

In heavy black soils operation of 
levelling within plot for irrigation. is 
tedious and it is more labour intensive 
so as the size of check basin increases. 
In this paper, study shows that the 
reatment of 50 m check basin size 

with 3.0 1/sec inflow rate gave the 
highest yield. With regard to other irri­
gation parameters namely water appli­
cation, storage and distribution efficien­
cies, the same above mentioned traet­
ment was superior to other treatments. 
Hence, the treatment of 50m2 check basin 
size and 3.0 1 /sec inflow rate is suitable 
for growing chick-pea in irrigated condi­
tion under similar agro-climatic condi­
tions of South Gujarat. 
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Host Range Studies of Myrothecium 
roridum Causing Leaf Spot of Bitter 

Gourd 

A. M. Parakhia and M. U. Vaishnav 

Department of Plant Pathology, GAU, Junagadh 

Campus, Junagadh 

The leaf spot of bitter gourd 
(Momordica charantia L.) caused by 
Myrothecium roridum Tode ex Fr. has 
been observed causing considerable 
damage to crops during last few years 
in Junagadh area. The disease is of 
considerable economic imprtoance be­
cause it occurs on a variety of economic 
crops and does great damage to the 
foliage and other plant parts resulting 
in loss of the production. 

It appears as small circular, pin­
head size, tan coloured spots with vio­
let to brown margin surrounded by a 
zone of translucent area on bitter 
gourd. Under favourable conditions 
of moist atmosphere and cloudy wea­
ther these spots enlarge upto 8 mm. in 
a week, may coalesce and then the 
entire leaf dries up. Fruiting structures 
are formed on both the sides of the 
leaves. The fungus also causes fruit rot 
of bitter gourd. 

The inciting fungus was isolated 
on potato dextrose agar (PDA) and the 

pathogenisity test on bitter gourd was 
successfully conducted. The plants of 
other crops listed in Table-l were also 
inoculated with the fungus to know whe­
ther it causes the disease on these 
plants or not. 

Twenty plants of each of the crop 
were raised in a sterilized soil in 9" 
size pots keeping one plant in each. 
When the plants attained the age of 
30 days, ten plants of each of the 
test crops were inoculated by spraying 
the spore suspension and ten were sprav­
ed with only distilled sterile water to 
serve as a check. All pots were kept 
under moist chamber. The observa­
tions of disease incidence were recorded 
upto fifteen days after inoculation. 

Observations of disease incidence 
on these plants (Table-l) revealed that 
out of twentytwo plant species belong­
ing to different families viz. Cucurbita­
ceae, Leguminosae, Malvaceae, Sola­
naceae, Compositae, Tiliaceae and 
Euphorbiaceae, all test plants including­
bitter gourd but except groundnut 
were found to be infected with the t~r 
gus. These hosts except Coccina indices 
Cajanus cajan, Helianthus annus and Cat­
sicum annum were previously reported m 
the literature as the hosts of the fung 
(Mc Intosh, 1949, Thirumala-char and 
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List of hosts tested for leaf spot disease caused by M. roridum in the host range studies. 
,Name of the plant 

Cucurbitaceae 

Bitter gourd 
Ridge gourd 
Smooth gourd 
Small gourd 
Bottle gourd 
Cucumber 

Cluster bean 
Bean 
Sosybean 
Mung 
Urid 
Cowpea 
Tur (Arhar) 
Groundnut 

Malvaceae 

Cotton H4 
Cotton Co2 
Lady's finger (Bhindi) 

Solanaceae 

Tomato 
Brinjal 
Chilli 

Compositae 

Sunflower 

Tiliaceae 

Jute 

Castor 

Check (A1I hots) 

(Momordica charantia L.) 
(Luffa acutangula L.) 
(Luffa cylindrica L.) 
(Coccinia indica W & A.) 
(Legenaria siceraria Standl.) 
(Cucumis sativus L.) 

(Cyamopsis tetragonoloba L.) 
(Dolichos lablab L.) 
(Glycine Max Merr.) 
(Phaseolus aureas Roxo.) 
(Phaseolus mungo) 
(Vigna sinensis Endl.) 
(Cajanus cajan (L) Millsp.) 
(Arachis hypogaea L.) 

(Gossypium hirsutum L.) 
(Gossypium hirsutum L.) 
(Hibiscus esculentus L.) 

(Lycopersicum esculentum L.) 
(Solanum melongena) 
(Capsicum annum L.) 

(Helianthus annus L.) 

(Corchorus copsulentus L.) 

(Ricinus communis L.) 

No. of 
plants ino-
culated 

2 

IO 
10 
IO 

10 
IO 

10 
10 
10 
10 
IO 
IO 
IO 

10 
10 
10 

10 
10 
10 

10 

10 

10 
10 

(of each 
host) 

No. of 
plants in-

3 

10 
JO 

10 
10 
10 

10 
JO 
10 
10 
10 
10 
10 

No infection 
on any plant. 

10 
10 
10 

10 
10 
10 

10 

10 

10 
Not 
infected 
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Misra, 1953; Munjal, 1960; Ramnath 
et al, 1966; Chauhan and Suryanara­
yan, 1972). These four crops are 
hithe-to added in the list of the hosts of 

A, roridum. 

(Received on 6th Dec. 1982) 
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Studies on Preference of Tribolium 
castaneum Herbst (Tenebrionidae : 
Coleoptera) for Flour of Different 

Sorghum Varieties 

R. C. Jhala, C. B. Patel and A. H. Shah 

Department of Entomology, GAU, Navsari 

Rust red flour beetle, Tribolium 
astaneum Herbst is one of the impor­

tant and destructive pests of sorghum 
flour and its products under storage. 
The beetle has been reported damag­
ing large number of cereals, but all 
the varieties are not preferred and 
damaged equally. This is due to diffe­
rential response of the beetle to dif­
ferent hosts. Krishnamurthy et al. 
(1969) reported CSH-5 as fairly resis­
tant against T. castaneum, Sitophilus ory­
zae L. and Rizophertha dominica Fab. 
They have also reported that CSH-4 
had the largest population of T. casta­
neum followed by CSH-1 and CSH-2, 
whereas seed of CSH-3, CSH-5 and 
M-35-1 had lower population. Dorai­
swamy et al. (1971) also studied the va­
rietal preference in sorghum by Sito­
philus oryzae L. However, no informa­
tion is available on preference of T. 
castaneum for flour of different varieties 
of sorghum. Trials were therefore con­
ducted to screen various genotypes of 
sorghum to determine preference of T. 
castaneum to some of the high yielding 
hybrids and varieties as well as locals. 

The culture of T. castaneum was 
raised in the laboratory under con­
trolled conditions. Thirteen varieties and 

hybrids viz. CSV-1, CSV-2, CSV-3, 
CSV-4, CSV-5, CSV-6, CSV-7R, 
CSH-8R, CSH-1, CSH-5, CSH-6, 
Surat-l and Sona-l08 were obtained 
from Sorghum Research Centre, All 
India Co-ordinated Research Project 
on Sorghum, Gujarat Agricultural Uni­
versity, Navsari. Flour of each variety 
was prepared in the laboratory with 
grinder and 25 g. flour of each sorghum ~ 
variety was kept in heaps separately in 
an enamelled tray (Size-45 cm x 38 cm 
x5 cm) in a circular fashion equidis­
tantly from the centre. Three such 
replicates were maintained. One hun­
dred adults of T. castaneum of about 
the same age were released in the cen­
tre of the tray to choose their food 
freely. The place of each sorghum va­
riety was changed randomly every 
third day and the observation for 
number of adults in each variety was 
recorded daily up to 30 days. The 
study was carried out at room tempera­
ture from I6th June to 17th July, 1980. 

The assessment of the food preference 
was made on the basis of percentage of 
insects found daily in each sorghum 
variety. The insects showing no prefe­
rence or those escaped from the tray 
were ignored while calculating the per­
centage insects for food preference. 
The data obtained were statistically 
analysed after square root transforma­
tion (Split-plot design) and are presen­
ted in Table 1. 

It can be seen from Table-l that 
though the differences between the va-

59 
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TABLE 1 
Preference of Iribolium castameum Herbst for flour of different sorghum varieties. 

Sorghum vari ety Average percentage of Insects/Day 

1 CSV-2 

CSV-4 

CSH-6 

4 CSH.5 

5 CSV-5 

6 CSV-1 

7 CSH-8R 

8 CSV-6 

9 CSH-1 

10 Surat-l 

11 CSV-3 

12 CSV-7R 

13 Sona-108 

S. Em. 

C.D. at 5% level 

C. v. % 

2.24 

2.35 

2.51 

2.53 

2.45 

2.72 

2.69 

2.66 

2.80 

2.89 

2.73 

2.95 

3.82 

Replication 

2.28 

2.50 

2.59 

2.35 

2.50 

2.49 

2.48 

2.88 

2.82 

2.91 

3.12 

2.91 

3.41 

2.39 

2.32 

2.24 

2.58 

2.63 

2.48 

2.58 

2.66 

2.83 

2.81 

2.85 

2.96 

3.61 

Mean 

2.30 (5.30)* 

2.39 (5.71) 

2.45 (5.98) 

2.48 (6.17) 

2.53 (6.39) 

2.56 (6.57) 

2.58 (6.67) 

2.73 (7.46) 

2.82 (7.93) 

2.87 (8.24) 

2.90 (8.41) 

2.94 (8.65) 

3.62 (13.07) 

0.082 

0.218 

was least preferred by the T. castaneum 

having 2.30 as mean percentage of in­
sects per day. However, it was at par 
with the varieties CSV-4, CSH-6 and 

CSH-5. Varieties CSV-4, CSH-6, CSH-5 

were at par with varieties CSV-5, 

CSV-I and CSH-8R and less preferred 
than the rest of the varieties. Variety 

Sona-108 having 3.62 as mean percen­
tage insects per day was the most 

preferred variety and was significantly 

different from all the other varieties. 
Varieties CSV-6, CSH-I, Surat-l, CSV-3 

of preference may be due to the diffe­

rence in bio-chemical constitution of 
different varieties which is open for 
further research. 

*Figures in parentheses are retransformed values. 

rieties are only marginal, they were and CSV-7R were at par and next 

statistically significant. Variety CSV-2 to Sona-l08 in preference. The cause 

25.081 

It was also observed during the 
study that all the varieties were not 

preferred in a similar fashion on diffe­

rent days by the beetle, however the 

effect of days over varieties could not 

be worked out as it was of random 
nature. 

(Received on 12th April, 1982) 
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Afidentula minima Gorham (Coccinelli­
dae: Coleoptera), a New Pest of 
Fingermillet and Its Intensity of 

Damage in South Gujarat 

A. H. Shah, M. S. Purohit, G. M. Patel and 

C. B. Patel 

GAU, Navsari Campus, Navsari 

Fingermillet is main staple crop of 
the tribal areas of South Gujarat. Even­
though considered hardiest crop being 
grown under dryland condition with­
out any serious insect pest problem, 
last year during August-September 
1981, severe incidence of a new in­
sect pest in beetle form has been seen 
in the fields of fingermillet crop of 
Dharampur and Vansda Taluka of Guja­
rat State. The beetles were collected 
and identified as Afidentula minima Gor­
ham. Review of literature revealed that 
this beetle has not been recorded as a 
pest of any crop at any place in India 
uptil now. Thus it is the first record 
of this pest on fingermillet crop in 
Gujarat as well as in India. 
TABLE 1 

Further no information is avail. 
able in literature about the Afdentula 
minima except record of genera Afidentula 
by Pang and Mao (1977) in Tibet 
Autonomus Region. 

Since the occurrence of this insect 
is newer one, a survey was undertaken 
to know its infestation level as pest in 
field condition during Sept., 1981 in 
Dharampur and Vansda Taluka of Bul­
sar District. Fingermillet fields infested 
by this. beetle were examined during 
survey and the intensity of infestation 
was worked out on plant basis as well 
as on leaf basis. For this purpose ten 
plants each at forty spots of the selected 
field were observed for damage and 
number of plants damaged by beetles 
were recorded at different locations. 
Similarly five plants infested by beetles 
from each location were randomly 
observed and number of infested leaves 
as well as total number of leaves per 
plant were recorded. The percentage 
infestation on plants basis and on leaf 
basis are worked out and shown in 

Table 1. 

Percentage infestation of Afidentula minima Gorham on fingermillet in Dharampur and 

Vansda Taluka of Bulsar District of Gujarat State during September, 1981. 

Village Infestation on plant basis 
- Infestation on leaf basis 

Plot Number of Per cent Average ~ er Plant Number of Per cant Average per plants da- infested cent of No. leaves da- infested cent of maged out plants infested maged out leaf infested of 400 plants of total plants leaves 
leaves 

Lakadamar J 82.5 -

1 16/18 (Ta. Dharam- 88.88 
pur) 9 370 88.33 2 7 / 11 63.63 
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TABLE 1 (Contd.) 

1 2 3 7 8 9 

3 360 90.0 8/12 66.66 73.68 
4 9/13 69.23 
5 12/15 80.00 

Naninahiyal 1 340 85.0 88.73 8/12 66.66 
(Ta. Dharam- 2 370 92.5 2 6/10 60.00 
pur 3 10/16 62.50 56.16 

4 7/14 50.00 
5 5/12 41.66 

Panas 1 40 10.0 1 2/10 20.00 
(Ta. Dharam- 2 10 
(pur) 

2.5 5.0 2 3/12 25.00 

3 10 2.5 3 1/16 16.66 19.69 
4 2/13 15.38 
5 3/14 21.42 

Karanjveli 1 350 87.5 1 7/12 58.33 

(Ta. Dharam- 2 340 85.0 86.25 2 6/11 54.54 
pur) 

3 8/15 53.33 55.24 
4 7/14 50.00 
5 6/10 60.00 

Bartad 1 50 12.5 1 2/10 20.00 
(Ta. Vansda) 2 60 15.O 13.33 2 3/14 21.42 

3 50 12.5 3 1/7 14.28 19.17 
4 4/17 23.52 
5 2/12 16.66 

Mahuvach 1 180 45.0 1 2/7 28.57 
(Ta. Vansda) 2 170 42.5 43.75 2 5/12 41.66 

3 3/9 33.33 38.37 
4 6/14 42.85 
5 5/11 45.45 

From the Table 1 it can be seen Institute of Entomology, London for 
that the fingermillet crop is severely identification and the District Agricul­
damaged by the Coccinellid beetle. culture Officer, District Panchayat, 
The average infestation varies from 5 Bulsar for providing necessary facilities 

for survey work. per cent to 88.75 per cent on plant basis 
and 19.17 per cent to 73.68 per cent 
on leaf basis. 

Thus it scems that Afidentula minima 
Gorham causes severe damage to the 
6ngermillet which may ultimately re­
sults in reduction of the yield. 

Authors are thankful to Dr. T. G. 
Vazirani, Taxonomist, Commonwealth 

(Received on 9th Dec. 1982) 

REFERENCE 

Pang, X. F. and J. L. Mao (1977). Notes 

on the Epilachninae, 'Tibet Autonomus 

Region (Coleoptera: Coc~icinellidae) Acta 

Entomologica Sinica 20 (3): 323-328. 



GAU Res. J. 1984. 10 (1) : 64-65 

Seasonal Incidence of Tetranychus 
neocaledonicus Andre in Gujarat State 

R. K. Bharodia and G. M. Talati 

Department of Entomology, College of 
Ag riculture, GAU, Junagadh Campus 

The red spider mite, T. neocaledo­
icus has been recorded for the first 

time in Gujarat State as a pest of 
cotton, Gossypium hirsutum L. It was 
active during October to February 
on cotton, after which the activity re­
tarded (Bharodia, 1974). A survey was, 
therefore, carried out to know the sea-

TABLE 1 

sonal incidence of mite on various 
host plants during the year 1973-74 
Intensity of attack on different host 
plants was studied by counting adult 
mites from one square inch area of the 
leaf surface of ten randomly selected 
host plants. Mite counts were taken 
from nine leaves, three each at top, 
middle and bottom portions of the 
randomly selected plants at various pe­
riods. The survey was started from 
July, 1973 and completed in March, 
1974. The results obtained are presented 
in Table 1. 

Seasonal incidence of T. neocaledonicus Andre on different host plants (given as total 
counts from 10 plants taken on one square inch basis per leaf for nine leaves on 
each plant). 

Sr. Name of host 

No. 

1 Phaseolus mungo 
2 Gossyium hirsutum 
3 Solanum melongena 
4 Ipomaea palmata 
5 Hibiscus mutabilis 
6 Abutilon indicum 
7 Phaseolus trilobus 

July Aug. 
73 73 

0.0 0.0 
0.0 
0.0 

0.0 
0.0 

Sept. Oct. 
73 73 

530.33 938.33 
0.0 27.0 
0.0 60.0 

0.0 0.0 0.0 248.33 
0.0 0.0 0.0 92.67 
0.0 0.0 0.0 92.67 
0.0 0.0 0.0 129.33 

Months 

Nov. 
73 

143.0 
309.25 
132.5 
439.5 
272.0 
138.0 

8 Ipomaea purpurea 0.0 0.0 0.0 70.0 128.0 

*(-) Indicate that crops/plants were not available. 

Dec. 
73 

59.5 
108.25 

0.0 
91.5 
56.0 

Jan. 
74 

61.5 
0.0 
0.0 

82.0 
0.0 

Feb. 
74 

19.5 
0.0 
0.0 

0.0 

March 
74 

0.0 
0.0 
0.0 

0.0 

The data presented in Table-l indi­
cate that the mite infestation was ob­
served from the month of September 
on black gram (Phaseolus mungo), while 
this mite was available on cotton 
(Gossypium hirsutum), brinjal (Solanum 

melongena), railway creeper (Ipomaea 
palmata), Jungli bhinda (EHibiscus muta­
bilis), kaski (Abution indicum), three lobed 
kidney bean (Phaseolus trilobus) and 
morning glory (Ipomaea purpurea) from 
October onwards till the crops were 
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either overmatured or the plants dried 
up. The highest population was re­
corded during thc month of November 
on almost all the host plants surveyed. 
Rahman and Sapra (1946) reported 
this pest to be causing considerable 
damage to a number of host plants 
including important crops like cotton 
and brinjal in Lyallpur, Gujranwal, 
Montogomery, Lahore and Sargodha 
district of the Punjab. Similar trend 
has also been observed by Khot and 
Patel (1956) in Poona region. 

(Received on 9th Dec. 1982) 
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Use of Yield Prediction Model in 
Locating Critical Stages of Growth 

in Groundnut 

T. J. Khatri, R. M. Patel & P. D. Mistry 

Gujarat Agricultural University, Anand Campus, 

Anand 388 1 JO 

period were collected from the Directo­
rate of Agriculture, Gujarat State, Ah­
medabad. Weekly totals of rainfall for 
the standard meteorological weeks dur­
ing the groundnut growing season, 
covering the period from 22nd week to 
43rd week, were carried out to uti­

ges of crop growth has significant con­
tribution in prediction of rice yield 
(Das and Sajnani, 1970). Das and 
Ramchandran (1971), while forecast­
ing of bajra yield for Ahmedabad 
district of Gujarat State, located the 
period in which rainfall had some signi­
ficant correlation with yields. The in­
fluence of rainfall on wheat production 
in Madhya Pradesh was studied by 
Bhargava et al. (1974). They found that 
56 to 89 per cent of variation in wheat 
was due to rainfall. The effect of rain­
fall distribution on yield of groundnut 
at Amreli was studied by Joshi and 
Kabaria (1972), and accounted for 64 
per cent of the total variation in yield. 

wise regression analysis (Efroymson, 
1962) was carried out utilizing average 
yield as dependent and 22 rainfall va­
riables during the crop growing season 
as independent variables for the purpose 
of.developing the yield prediction model. 

The precipitation at different sta- lize them as 22 rainfall variables. Step-

An attempt has been made to uti­
lize the yield prediction model in loca­
ting critical stages of crop growth. The 
critical stage being the one where oc­
currence or otherwise of rainfall has signi­
ficant influence on groundnut yield for 
Ahmedabad district of the Gujarat State. 

The data on average yield per­
hectare of groundnut in Ahmedabad 
district of Gujarat State for the past 
24 years viz. 1953-54 to 1977-78 were 
collected from the season and crop 
reports, while the data on daily rain 
fall at Ahmedabad for the corresponding 
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The estimates of regression coeffi­
cient, their standard errors, R and error 
of forecasting for the selected rainfall 
variables in step-wise regression analysis 
of groundnut yield data of Ahmedabad 
district are presented in Table 1. 
TABLE 1 

Estimates of regression coefficients, their 

standard errors, R? and error of forecast 

for the selected rainfall variables in step 

wise regression analysis of groundnut 

yield data of Ahmedabad district. 

Selected 
rainfall 
variables 

X 
X 
X 
X 
R2 

18 

12 

Regression 
Coefficient 

2.1101 
0.9191 
1.7017% 

1.0516 
2.7193 

Error of forecast 6.36° 

S.E. 

1.15lo 
0.4327 

0.7111 
0.4640 

1.5600 

and ** denotes significance at 5°% and l° ~ ~ 
levels. 
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under semi-arid conditions. The results 
of this study indirectly support the posi­
tive effect of rainfall during pod deve­
lopment with the yield of groundnut. 

The analysis has helped in predicting 
the groundnut yield by selecting five 
variables out of 22 rainfall variables 
and accounted for 62 per cent of the 
total variation in yield. The forecast 
for the groundnut yield can be given 
carliest by the end of September uti­
lizing the following prediction model. 

=235.12 +2.1101 X, +0.9191 X 
+1.7017 X,»+1.0516 X+2.7193 X,, 

The results further reveal that the 
variables X, and X are the values of 
the rainfall during germination to 
vegetative development stage, whereas 
X2 and X are the value of the rain­
fall during full pegging to pod deve­
lopment stage. All the four variables have 
positive significant contribution iny ield 
prediction. This suggests that these 
two are the critical stages of crop 
growth, when rainfall has significant 
influence on groundnut yield. 

Sheshadri (1962) reported that hair 
on the peg and pods of groundnut helps 
in taking up little moisture thus pre­
venting the pod from excessively dry­
ing up and helping it in its proper 
development. The physiology of water 
absorption in groundnut indirectly justi­
fies that the rains during this stage help 
in proper development of pods and 
hence the higher yield. 

The results of this study at Ahme­
dabad are in confirmation with the re­
sults obtained by Joshi and Kabaria 
(1972), who have reported positive 
correlation of groundnut yield with 
rainfall during full pegging to pod 
development stage. Under the semi-arid 
condition at Hissar, Singh et al. (1971) 
observed that two irrigations, one at 
lowering and other at peg formation 
stage, increased the yield of groundnut. 
The arca of Gujarat comprising Ahme­
dabad and surrounding districts falls 

Thus the critical stages of crop 
growth obtained as the by-product of 
the regression analysis of yield and 
rainfall data of the past 24 years of 
Ahmedabad district suggest the guid­
lines in scheduling irrigation for culti­
vation of irrigated groundnut crop or 
to suggest a supplemental irrigation in 
absence of rainfall during critical stage 
of the crop in Ahmedabad district. 

(Received on 19th March. 1982) 
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Hyrocyanic acid is most toxic and 
is rapidly liberated under the actions 
of ruminal micro organisms ( Coop and 
Blakely 1948-49). Ruminants are more 
susceptible to poisoning by cyanogenetic 
plants than horses and pigs, since the 
enzymes concerned in the release of 
HCN are destroyed by gastric hydro­
chloric acid (Clarke and Clarke, 1977). 
Generally the hybrids of Johnson 
grass (Sorghum halepense), Sudan grass 
(S. sudanese) and Sorghum (S. vulgare) 
are more toxic than the pure species 
Blood and Henderson 1963). 

Four samples of each of the fodder 
varieties of Sorghum vulgare Pers. 
(jowar) I.S. 3306, I.S. 5026, J-S-3, C-10-2 
and S-1049 under trial were received 
from Plant Breeding Research Station, 
Anand Centre. These were tested quan­
titatively for HCN content by the 
method described by Randhir Singh and 
Pradhan (1976) at seedling (one month 
after sowing) and at flowering stage. 
For the expression of HCN values on 
dry matter basis the dry matter con­
tents in all the samples were also deter­
mined. Average HCN content (mg/100 
g dry matter) for all the varieties at seed­
ling and flowering stages of harvest are 
presented in Table-l. 
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TABLE I 

HCN content in different varieties 

jowar (fodder samples). @ 

HCN content (mg/100g on D.M. Basis) 

owar 10-10-80 13-11-80 
Variety 

One month stage Flowering strage 

(morning cut) (morning cut) 

I-S-3306 30.49 10.30 

I-S-5026 71.00 63.33 (12.28)* 

J-S-3 75.86 23.54 

C-10-2 30.59 20.65 

S-1049 5.28 5.17 

@Average of 4 samples. 

* Flowering was late and hence values were 
determined on 29-11-80. 

From the results given in Table-l 
it is apparent that the HCN content 
ranged from 5.28 (S-1049) to 75.86 
(J-S-3) mg/100 g on dry matter basis 
when harvested at one month stage. 
The values are potentially dangerous 
in all the varieties except S-1049. At 
flowering stage, the values ranged from 
5.17 to 23.54 mg/ 100 g. on dry matter 
basis. The plant material containing 
HCN 20 mg/100 g or above is po­
tentially toxic and dangerous to animal 
(Blood and Henderson, 1963). There­
fore, varieties J-S-3 and C-10-2 are 
above the threshold. Thus S. vulgare 
(jowar) fodder varieties should be chec­
ked quantitatively for HCN content. 

(Receiveed on 9th March, 1982) 
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Avicennia officinalis (cher) is a large, 
ever green sbrub or tree. Its English 
name is white mangrove. Its height 
may vary from 6 to 9 meters and as 
high as 18 meters is found in "Sun­
darban". It grows densely near river 
delta and thrives well there utilizing 
sea water. Cher forest is found in litto­
ral regions throughout tropics. It is 
also found on coastal regions of Gujarat, 
Saurashtra and Kutch.. "Alia bet" an 
island situated where river Narmada 
meets Arabian sea has plenty of cher. 
Pcopl e of coastal region especially Bha­
ruch, Hansot, Bhavnagar and Kutch 
side are feeding cher to their animals. 
It is said that it increases the milk 
yield and fat content (Bambhadai, 
1951). It is used as fodder for cattle 
in Australia (Paranjpye, 1920). Our 
country has 5700 kilometres of coastal 
region and Gujarat has 28 per cent of 

as fodder by to buffalo 

Air dried cher leaves along with 

twigs were procured in bulk from Jam­
nagar (Gujarat) area. Digestibility trial 
was conducted on four Surti buffalo 
bulls at Animal Nutrition Station, 
Anand. Buffalo bulls were offered only 
dried cher leaves along with twigs. 
After preliminary feeding, digestibility 
and balance trial was conducted for 
seven days collection period as per 
conventional methods. Samples of feed, 
feces and urine were analysed by A.O.. 
A.C. (i975) methods. The chemical 
composition of cher leaves used during the 
digestibility trial was 10.81% c. protein; 
4.24% ether extract; 11.05% c. fibre; 
58.72% N.F.E.; 15.18% ash; 0.72, 
silica; 0.17% phosphorus and 0.77% 
calcium. 

The data on average dry matter 
consumption indicated that the animals 
were consuming on an average 5.48 kg 
of cher leaves which comes to 1.80 kg 
of dry matter per 100 kg of body 
weight. 

The digestibility data revealed that 
it has got lower digestibility of all nu-

it i.c. 1600 kilometres. So availability trients. The average digestibility co-
o~cher leaves is quite high and hence its 
vital role in cattle feed industries should 
not be over looked. On reviewing the 
literature it was seen that composition 
and digestibility of cher leaves has not 
been worked out. Hence an attempt 

efficients for c. protein, ether extract, 
c. fibre, N.F.E. and organic matter 
were 41.39 ± 1.66, 42.60 ± 2.85, 52.50 
+ 3.30, 36.78 ± 2.65 and 39.72 ± 2.3! 
respectively. From the average digesti­
bility coefficients the nutritive value ot 

has been made to assess its nutritional cher leaves was calculated. It was found 

*Poultry Feed Testing Laboratory, Anand 388 001. 
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to have 4.47 and 35.93 kg of D.C.P. 
and T.D.N. per 100 kg of dry matter 
respectively 

Balance of Nitrogen and Mine­
rals: The balance of nitrogen, phospho­
rus and calcium are found to be posi­
tive, average of which are + 5.91 ± 3.15, 
+ 0.16 ± 0.95 and + 9.71 ± 1.74 respe­
ctively. These results suggest that 
cher leaves have definite use in famin 
condition and can be used as a filler 

material by cattle fccd factories located 
ncar coastal region. 

(Received on Bth fune, 1902) 
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In recent years the enzymes derived 
from Mucor pusillus Lindt and Mucor 
miehei have found widespread applica­
tion for cheese-making. In the previous 
publication (Upadhyay et al. in press) the 
commercial fungal rennets, namely, 
Rnnilase and Meito rennet derived 
from Mucor miehei and Mucor pusillus 
Lindt respectively, were compared with 
calf rennet using them alone or as their 
mixtures for their influence on clotting 
time, curd characteristics and optimum 
dosage for Cheddar cheese-making from 
buffalo milk. In this paper the same 
fungal rennets and their mixtures are 
compared for their proteolytic activity 
on buffalo and cow skim milks using calf 
rennet as control. 

Fresh cow and buffalo milks (pH 
adjusted to 6. 7) were used as substrate. 
The rennet solutions were stanadrdized 
to same coagulation power by suitably 
diluting the rennets with distilled water. 
One millilitre of such diluted rennet 
solution coagulated 50 ml of fresh 
buffalo skim milk in 10 min at 32° C. 
The proteolytic activity was measured 
in terms of incrcase in non-protein­
nitrogen (NPN) soluble in 12%, tri-

chloroacetic acid (TCA) at different 
time intervals. 

Fifty millilitres of buffalo skim milk 
were transferred to 5 conical flasks for 
each rennet solution and placed in a 
water bath at 32° ± 0.1° C. When the 
temperature was attained, 1 ml of 
each of the diluted rennet solution was 
added and mixed well. After 0, 30 
60, 90 and 120 min of incubation, 5l 
ml of 24% TCA were added to each 
flask, mixed well and the contents were 
filtered through Whatman No. 42 
filter paper. The sample at time zero 
was obtained by adding 1 ml of de­
natured rennet solution to 50 ml skim 
milk. The denaturation was carried out 
by heating the diluted rennet solutions 
at 95° C for 10 min. The NPN of the 
filterate was determined in duplicate by 
the Kjeldahl method and expressed as 
milligram per cent increase over the 
initial at zero time. Identical set of 

. experiment was run using cow skim milk 
as substrate. 

The results of the proteolytic acti­
vity of different rennets carried over a 
period of 120 min are presented in 
Table-l. It is observed that in both 
milks the increase in NPN for all coagu* 
lants, except for rennet C and CR, 
showed a sharp rise upto 60 min °{ 
the enzyme action followed by 8~""" 
rise upto the end of incubation ~ ~ " 
In case of C rennet, after an initial r ~ 
in the first 60 min, the level of NN 
remained constant until 120 mm 
both milks. Against this, CR re~" 
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TABLE I 
Proteolytic activity of different rennets on buffalo and cow skim milk at 32° C. 
Milk Treatment in Increase in NPN, mg/100 ml 

minutes M R CM CR MR 
Buffalo - - - - -(pH 6.7 30 1.68 2.24 2.24 2.24 2.24 2.24 GO 2.80 2.80 2.80 2.80 2.80 2.80 90 2.80 2.80 3.36 2.80 2.80 3.36 120 2.80 3.36 3.36 3.36 2.80 3.36 
Cow* 0 - - - - - -(pH 6.7) 30 3.92 5.60 5.04 6.16 5.60 5.60 

60 5.60 6.72 5.60 6.72 5.60 6.16 
90 5.60 6.72 6.16 6.72 5.60 6.72 

120 5.60 7.28 7.28 7.28 6.16 7.28 
Average of 3 trials. 
C : Calf Rennet CM : Calf + Meito (1 : 1, w/w) 
M : Meito CR : Calf + Rennilase (1 : 1, w/v) 
R : Rannilase MR : Meito + Rennilase (1 : I, w/v) 

showed slightly different pattern of re- period of 120 min. The CM an MR lease of NPN after 90 min incubation combinations were also equally proteo-
lytic in both milks at 120 min., show­
ing that the CM and MR combina­
tions are compitable. However, CR 
combiation had lower proteolytic acti­
vity than R alone in both the milks 
over a period of 120 min. This could 
possibly be due to incompatibility of 
C and R enzymes in association. Such 
incompatibility-one enzyme affecting 
the stability of another enzyme in as­
sociation-has been reported by Ri­
chardson et al. (1967). 

time in cow skim milk, showing some 
increase in NPN. In buffalo milk, it 
behaved alike calf rennet. 

The data further revealed that the 
increase in NPN was slower in buffalo 
skim milk compared to cow milk, ir­
respective of the type of rennet used. 
This is in agreement with the results of 
Ganguli et al. (1964), Gupta and Gan­
guli (1965), Angelo (1976) and Abdou 
et al. (1976), who reported that irres­
pective of the type of rennet, proteo­
lytic activity is faster and more with 
cow milk than with buffalo milk. Among 
the various rennets used, C rennet 
showed the lcast proteolytic activity 
both in cow milk (3.92 mg NPN in­
crease) and buffalo milk (1.68 mg NPN incrcasc). 

On the other hand, Mucor rennets, 
namely M and R when used alone 
showed higher proteolytic activity than 
calf rennet in botli the milks over a 

The above findings of the study 
reveal that fungal rennets and their 
mixtures, except CR combination are 
more proteolytic than calf rennet. This 
is in agreement with the results of 
Richardson et al. (1967) and Philippos 
and Christ (1976) who found these 
Mucor rennets, namely, ~ I. pussilus 
Lindt and M. miehei to be more pro­
colytic than calf rennet in cow ~ ~ ilk. 

(Received on 20th March, 1982) 
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