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Effect of summer greengram (Phaseolus radiatus) on rice (Oryza sativa)-wbeat 
(Triticum aestivum) system 

AMAL SAXENAl and D S Y ADA yz 

Narendra Deva University of Agriculture and Technology, Faizabad, Uttar Pradesh 224229 

Received: 25 July 1997 

ABSTRACT 

A field experiment was conducted during 1991-92 to.~ 993-94 to study the effect of greengram {Plwseolus radiatus 
(L.) Wilczek] on rice (Oryza sativa)-wheat (Triticum aestivllm) system. Green manuring of greengram gave higher 
values of growth and yield attributes, nutrient 1:lptake and protein content of rice. Grain yield of rice as well as wheat 
increased significantly With the green manuring. Lower values of bulk density and pH, while higher organic carbon 
content was noted owing to green manuring. Application ofN improved the growth and yield attributes, protein content 
and also NPK uptake. A significant increase.in grain yield of rice was found up to 120 kg NIha. Organic carbon increased 
at higher level ofN. 

Key words: greengram, cropping system, green manuring 

Rice (Oryza sativa L.)-v.-neat (Triticllm aestiVllnl L. 
emend. Fiori & Paol.) system is the most widely adopted 
cropping system in the country and has become mainstay of , 
cereal production. However, in northern parts of India, 
average yield of rice as wen as wheat is very low. Inclusion 
of short duration pulses like greengram as a catch crop ih 
rice-wheat system may be beneficial '0 the system by 
maintaining soil fertility and improving the soil properties 
when used as green manure. Green manuring can partially 
substitute the nitrogen fertilizer requirement of the subsequent 
crop (Meelu and Singh 1991). Hence atield trial was carried 
out to study the effect of green gram on rice-wheat system. 

MATERIALS AND METHODS 

The experiment was conducted during 1991-92 to 1993-
94 at agronomy research farm of the university at Faizabad. 
The soil was silty loam with pH 7.8, organic carbon 0.38% 
and available N,P and K 226.3, 25.3 and 265.5 kg/ha 
respectively. Bulk density of the soil was 1.34 g/cm3• The 
experiment was laid out in split~plot design with 3 
replications, keeping greengram treatments in main plot and 
nitrogen levels in rice in sub plot. Treatments consisted of 8 
practices in greengram, viz T l' irrigation before harvesting 
ofv.heat-normal tillage-sowing of green gram; T

2
, irrigation 

before harvesting of wheat-herbicide spray-sowing of . 
greengram without tillage; T

3
, harvesting ofwheat-herbicide 

spray-dry-sov.-ing of greengram without tillage followed by 
irrigation; T4 , harvesting of wheat-herbicide spray-

I Technical Assistant, 2I>rofessOT of Agronomy 

irrigation-sowing of greengram without tillage; Ts' 

harvesting of wheat-irrigation-normal tillage~sowing of 
greengram; T

6
, harvesting of wheat-irrigation-normal 

tillage~sowing of greengram for green manuring; T 7' 

harvesting of wheat-irrigation-normal tillage-sowing of 
greengram for pod picking and green manuring; Ts' summer 
fallow, and 3 levels ofN for rice, viz N" 90 kglha; Nz' 120 
kglha; N

3
, 150 kglha. ; 

The pre-sowing irrigation was given 6 days prior to 
harvesting of wheat or after harvesting of wheat as per 
treatment. Normal tillage includes 2 ploughing and planking. 
In case of sowing under zero tillage, a contacttherbicide 
gram axone @ 0.5 kg a i/ha was sprayed to kill the weeds. 
After harvesting of wheat-greengram crop was grown and 
incorporated as per treatment at 50 days after sowing. 

Transplanting of rice was done with 2S-days-old 
seedlings of'SaIjoo 52' rice at the spacing to 20 em x 10 em 
using 2-3 seedlings/oill. Full dose ofP (26.16 kglha) and K 
(49.80 kglha) and halftlose ofN (as per treatment) were 
applied at the time of l~t 'Puddling. Irrigatio_!ls to rice were 
given at different stages of crop growth according to the need. 
Rainfall received during'kharifrainy season was 758, 737 
and 942 mm in 1991-92, 199+-93 and 1993-94, respectively. 
Grain and straw samples were collected ,at harvest and 
analysed for total N,P and K content. Soil samples of 0-15 
em depth were collected after the harvest of rice and analysed 
for soil properties. Bulk density was determined in situ by 
core sampler. A unifonn crop of wheat was grown with all 
the recommended package of practices after harvesting rice. 
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RESULTS AND DISCUSSION 

Rice 
Growth and yield components: The values of all the 

growth and yield components were highest with treatment 
harvesting of wheat-irrigation-norma1 tillage-sowing of 
greengramJor green mmluring (T

6
) (Table 1). The heading 

and maturity of rice were slightly delayed under this 
treatme'nt. It may be attributed to proper growth and 
development of rice due to green ma.'1uring of greengram 
which increased the nitrogen-use efficiency by rice crop. It 

. was followed by T 7 in which green manuring was done atler 
picking of mature pods. These finding are in close contirmity 
with of Akram et al. (1982). Lower values of growth and 
yield characters under T 2' T J and T 4 over T I and T 5 might be 
due to zero tillage in greengram. However, the minimum 
values of all these characters were obtained with Ts (summer 
fallow). This might be attributed to low organic carbon 
content in the soil and also due to its poor physical condition 
as it was higher in bulk density and pH (Table 4), which 
might have resulted in low-root density and poor water­
holding capacity led to the lower values of growth and yield 
attributing characters. 

Increasing levels of N from 90 to 150 kglha increased 
all the growth and yield attributes (Table 1). The number of 
days taken to 75% heading and maturity were higher at higher 
dose of nitrogen. Ramaswamy et al. (1985) also reponed 
increase in dry-matter production and tillering of rice due to 
increase in N levels from (}-150 kglha. These results are 

supponed by the findings of Tomar (1987) and Singh et al. 
(1989). 

Grain yield: The significant variation in grain yield of 
rice was obtained due to differential treatments in greengram 
in 1992-94 (Table 2). The highest yield was recorded with 
T 6 followed by T 7 and both these treatments produced 
significa..'1tly higlj.er grain yield over T2, T3, T4 and Ts during 
1991-92 and 1992-93. However, T6 and T7 being at par gave 
significantly higher yield over all other tratments during 
1993-94. The yield increase might be due to addition of 
organic matter and plant nutrients through green manure . 
This may also be attributed to increase of cation-exchange 
capacity, available phosphorus and exchangeable potassium 
when green manuring was done (Cosico 1990). Akram et 
al. (1982) reported maximum yield of rice with incorporation 
of green manure. 

Nitrogen application up to 150 kg/ha continuously 
increased the grain yield in each year (Table 2). However, 
response was significant only up to 120 kg N/ha. This might 
be attributed to the fact that applied N tended to improve 
plant growth and development and yield' attributes which in 
turn resulted in higher yield. The results are in close 
confirmity with those of Singh et al. (1989) and Mehta et al. 
(1996). 

Harvest index: Harvest index was not much influenced 
by various treatments (Table 1). However, it was lower under 
green manure treatment (T J may be due to better vegetative 
growth resulting higher straw yield owing to more available 

Table 1 Growth and yield attributing characters, harvest index and protein content of rice as influenced by various treatments (mean of3 
years 1992-94) 

Treatment Plant No. of leaf Dty- Days to . Days to No. Weight 1000- Harvest Protein 
height shoot/m2 area matter 75% maturity pani- ofgra- grain index content 
(cm) at index accumu heading c1es/ml ins/pa- weight (%) (%) 

60 at 90 lation nicle (g) 
DAT DAS (gfhiU) (g) 

Main plot 
(summer 
greengram) 
TI 100.0 427.0 5.5 37.2 84.6 120.7 346.4 2.4 22.1 43.9 8.7 
T2 98.7 381.8 5.3 36.4 83.9 120.1 326.4 2.1 21.0 44.0 8.6 
T3 98.0 372.2 5.2 35.4 ,83.6 119.7 314.0 1.9 20.8 43.8 8.4 
T4 96.6 359.1 5.2 35.2 83.5 119.5 309.3 1.8 20.8 43.8 8.3 
Ts lOCU 414.1 5.5 36.5 84.3 120.5 340.3 2.4 22.0 43.7 8.7 
T6 101.9 454.0 5,9 38.5 86.6 122.7 407.1 2.9 22.9 43.7 9.5 
T, 101.3 450.4 5.7 37.9 85.9 122.3 397.7 2.8 22.8 43.7 9.4 
Ts 96.3 335.8 5.4 30.2 82.5 119.0 304.0 1.8 20.7 44.0 8.02 
Sub plot 
(kharifrice ; 
N level) 
N, 96.5 374.8 5.2 34.2 83.4 119.1 316.7 2.0 21.4 44.0 8.5 
N2 99.3 399.4 5.4 35.9 84.4 120.6 345.9 2.2 21.6 43.8 8.7 
Nl 102.1 423.8 5.8 37.6 85.2 122.1 366.9 2.5 21.9 43.6 9.2 

DAT, Days after transplanting; DAS, days after sowing 
Details of the treatments are given under Materials and Methods 
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Table 2 Grain yield (tonnes/ha) of rice and wheat as inl1uenced 
by various treatment., 

Treatment Kharij\ice Wheat 

1992 199:\ 1994 1992-93 1993-94 

Main plot 
(smnmer greengram) 
T, 4.83 4.91 4.44 4.35 4.48 
Tz 4.54 4.61 4.18 4.32 4.44 
T3 4.46 4.5(, 4.10 4.24 4.36 
T4 4.37 4.46 4.03 4.23 4.37 
Ts 4.76 4.88 4.38 4.33 4.51 
T6 5.17 5.25 4.81 4.49 4.63 
T, 5.03 5.15 4.70 4.36 4.55 
Ts 4.15 4.:5 3.82 4.06 4.r~ 
CD (P=O.05) 0.47 0.t9 0.33 0.19 0.16 
Subplot 

I 
(kharifrice : N level) 
N, 4.31 4.<,S 3.98 4.26 4.39 
Nz 4.72 4. 4.36 4.30 4.44 
N3 4.95 5 . , 

.J 4.59 4.33 4.47 
CD (P=O.05) 0.27 0." 0.25 NS NS 

NS, Non significant 
Details of the treatments are given under Materials and Methods 

Table 3 Nutrient uptake by 1 ice plant at harVest as intluenced by 
various treatments (mean of3 years, 1992-94) 

Treatment Nutrient uptake (kglha) 

N p K 

Main plot 
(summer greengram) j 

T, 90.<)1. 14.41 82.24 
Tz 88.80 14.10 80.73 
T3 85.73 13.40 77.47 
T. 83.3D 13.22 75.25 
Ts 88.29 14.00 81.08 
T6 97.75 15.51 87.26 
T7 94.3:5 14.93 86.95 
Ts 80. _ 12.17 71.50 
Sub plot 
(kharifrice : N level) 
N, 81.62 13.11 76.94 
N2 89.51 14.16 80.69 
N 

3 
94044 14.63 83.29 

Details oftbe treatments are given under Materials and Methods 

N due to increase in organic carbon after green manuring. 
Maximum value of harvest index (44.02%) was recorded 
with summer fallow (Ts)' Increasing rates of N slightly 
decreased the values of harvest index. 

Nutrient uptake: Appreciably higher quantity of N, P 
and K was accumulated by rice crop under the treatment T6 
(Table 3). Lowest uptake ofN, P and K by rice was recorded 
under Ts' being 82.6, 78.5 and 81.9%, respectively of the 
maximum uptake values of these nutrients under T6. The 
increase in nutrient uptake may be because of the residual 
effect of preceding crop taken as green manure which resulted 

in higher uptake. Gines et al. (1986) also observed increase 
in N uptake due to green manuring. Favourable effect or 
farmyard manure and prickly sesban [Sesbania cannabina 
(Retz.) Pers.] green-manure on N uptake is attributed to 
decreasing loss of released N during decomposition and their 
narrow C : N ratio (Bhandari et af. 1992). 

Nutrient uptake increased with successive increase in N 
application up to 150 kgtha. Values of uptake increased due 
to higher availability of nutrients which resulted in better 
growth and development of rice plants and ultimately more 
uptake of nutrients. Sharma (1983) reported the application 
of N enhanced the P uptake. Mahendran (1980) reported 
significant influence on K uptake due to higher levels of 
nitrogen. 

Protein content: Highest protein content (95%) of rice 
grain was found under treatment T6 (Table 1). Higher 
availability ofN due to green manuring increased the protein 
content. The highest protein content of9.5% was found with 
treatment T6 which was 18.3% higher over treatment Tg• 

Nitrogen levels increased the protein content with increase 
in the N dose. This was due to the fact that as the N supply 
increased, uptake ofN increa..<;ed which is the constituent of 
protein. 

Physico-chemical properties a/soil: The bulk density 
was found lower under the treatments consisting normal 
tillage practices as compared with the zero-tillage in 
preceding crop (Table 4). This might be attributed to the 
relative looseness of the soil due to the tillage operation. 
The lowest value of bulk density was recorded under 
treatment T 6 due to the green manuring which increased the 
organic matter in the soil. Singh and Sandhu (1980) also 
observed similar results. Dit1erent N levels did not reasonably 
influence the bulk density. ..J 

Table 4 Effect of various treatments on physico-chemical 
properties of soil after the harvest of rice (mean of3 years 
1992-94) 

Treatment 

Main plot 

Bulk density 
(g/cc) 

(summer greengram) 
T, 1.34 
T2 lAO 
Tl lAO 
T4 1.40 
Ts 1.34 
T6 1.30 
T7 1.32 
Ts lAO 
Subplot 
(kharifrice : N level) 
N, 1.33 
Nz 1.34 
N3 1.35 

pH 

7.76 
7.81 
7.82 
7.82 
7.75 
7.70 
7.70 
7.~3 

7.80 
7.77 
7.74 

Organic carbon 
(%) 

0.42 
0.39 
0.39 
0.39 
0.41 
0.46 
0.44 
0.36 

0.38 
0.41 
0.44 

Details of the treatments are given under Materials and Methods 
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The pH value of soil decreased slightly with gre~n 
manure treatments (T 6 and T 7) due to addition of organic 
matter in soil. Increasing levels ofN showed lower pH value. 

The' organic carbon content increased With green 
manuring (T) because of the soil incorporation ofleguminous 
crop which added crop residues in soil. An increase in soil 
organic matter content due to the green manuring was also 
reported by Jin (1984). Increase in N levels resulted in 
increase in inorganic carbon content of the soil. This was 
because of the fact that N helps in the rotting and 
decomposition of organic matter. 

Residual effect on wheat yield: Green manuring 
treatment T6 gave slightly higher grain yield over other 
treatments during 1992-93 and 1993-94. However, during 
1991-92, grain yield of wheat was almost same under all 
the treatments as no treatment was applied (Table 2). Grain 
yield recorded under T6 was signiticantly higher over T3, T4 
and T

H
• Increase in mean yield under treatment T6 was to the 

extent of 0.27, 0.26 and 0.49 tonnes/lta over T3, T4 and Ts 
respectively. This might be due to the higher organic matter 
under green manuring which resulted in more availability 
of plant nutrients to plant. Kumar and Yadav (1995) also 
recorded higher yield of wheat due to residual effect of 
farmyard manure and green manuring in rice-wheat cropping 
system. The lowest yield under Ts was possibly due to slow 
supply of plant nutrients in the absence (If green manuring! 
legume cultivation. 

There was no significant etIect of nitrogen levels given 
to rice on wheat grain yield during all the years (Table 2). 

It was concluded that green manuring of greengram 
either as a whole or after pod picking can incr~ase the grain 
yield of rice and vvneat grown in sequence. It also increased 
nutrient uptake by rice and organic carbQn content in the 
soil after harvesting of rice. 
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Effect ofpbospborus and liming sources on rice (Oryza sativa) grain yield under 
transplanted conditions 

S M MUTANAL', PRASAD KUMAR2
, V R JOSHP, A S PRABHAKAR4 and I M MANNIKERP 

Agricllivlrai Research Station, University of Agricultural Sciences. Sirsi, Karnataka 581401 

Received: 17 July 1996 

ABSTRACT 

A field experiment was conducted during rainy \ season (khari./) 1992, 1993 and 1994 at Sirsi (Hillzone 9) of 
Karnataka to study the effect oflime and phosphorus sources on grain yield of rice under transplanted conditions. The 
experiment consisted'of 6 sources ofphosph6rus and 2 levels oflime. Application oflime @SOO kglha had significantly 
increased yield compared with without lime (control). The combination OfTOCk phosphate + diammonium phosphate 
(50:50) had significantly increased yield (5 205 kglha) and was on par with diammonium phosphate alone (4790 kglha) 
than rock phosphate (4 690 kglha). Net profit (Rs 7 I 141ha) was higher in rock phosphate + diammonium phosphate 
(50:50) followed by the diammonium phosphate (Rs 5 9201ha) and lJwest was in single superphoshate (Rs 4 6511ha). 

Key words: liming, diammonium phosphate, transplanted, rock phosphate 

Phosphorus fertilization had pronounced etIect on rice 
(Oryza sativa L.) yield. In lateritic soil due to low pH, avail­
able phosphorus is subjected to transformation from avail­
able to non available form (Fe and AI phosphates). Liming 
(amendment) is generally practiced which mitigate ill ef­
fects of toxicity of Fe and AI by increasingpH of soil, supply 
bases like calcium and magnesium arid lowers phosphorus 
fixation. Rock phosphate slowly soluble and recommended 
for acid soils. However, the deficiency of phosphorus was 
also observed under these conditions. There is a need tor an 
alternative source of phosphatic fertilizer and their combi­
nations that is readily and slowly available. This helps tor 
increased uptake of phosphorus by plants. Rock phosphate 
is ideal source of P for lowland rice production (Packiaraj 
and Venkataramalll991). The combinations of ammonium 
polyphosphate and single superphosphate had increased grain 
yield by 65% over diammonium phosphate (R~u et al. 1985). 

MATERIALS AND METHODS 

A field experiment was conducted at agricultural 
research station (Paddy), Sirsi during 1992-93, 1993-94 and 
1994-95 under rainfed (kharif) condition. The soil type was 
lateritic have 5.6 pH and 88, 11 and 58 kg/ha available N, P 
and Krespectively. Total annual rainfall of2 457,1 902 and 
2 988 mm was received during 1992, 1993 and 1994 
respectively. The experiment consisted of 12 treatment 
combinations with 2 levels oflime, viz Lo, without lime and 
L" @ 500 kglha of lime and 3 sources of phosphorus and 

'Scientist S-l, 2.5 Assistant Professor, 'Farm Superintendent, 
• Director of Instruction 

their combinations, viz S" rock phosphate (RP), S2' single 
superphosphate (SSP), S3' diammonium phosphate (DAP), 
S4' rock phosphate + single superphosphate (50:50), Ss' rock 
phosphate + diammonium phosphate (50:50) and S6' single 
superphosphate + diammonium phosphate (50:50). Factorial 
randomised block design was followed with 3 replications. 
Long duration variety 'lET 7191' rice was transplanted at 
spacing 20 cm X 10 cm. Phosphorus (75 kglha) was applied 
as per treatment through 3 sources and Kp (90 kglha) 
applied as basal dose. Nitrogen was applied (@ 75 kglha) in 
3 splits, viz 50% basal, 25% at 30 days after planting, 25% 
at 50 days after planting. 

RESULTS AND DISCUSSION 

Data on yield components and grain yield (Table 1, 2) 
show that grain yield of rice was significantly increased with 
liming @ 500 kglha compared to without lime (Table 2) for 
3 years. During 1992-93, significantly higher grain yield 
(4 975 kglha) was recorded in rock phosphate + diammonium 
phosphate (50:50) combination followed by rock phosphate 
+ single superphosphate (50:50) combinations (4820 kg! 
ha) compared to rock phosphate only (4 420 kglha). Similarly 
during 1993-94, rock phosphate + diammonium phosphate 
had increased grain yield (5 445 kg/ha) followed by 
diammonium phosphate (4 890 kglha) and lowest in rock 
phosphate + single superphosphate (4415 kglha). Trends 
during 1994-95 was similar as that of 1993-94 and 
1992-93. 

Pooled analysis of data indicated that lime application 
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Table 1 Yield attributes of rice as influenced by ditferent treatments (pooled data 01'3 years) 

Plicisphrous Panicle length Panicleslm2 Grain yield 1 OOO-grain weight 

" (cm) (g/hill) (g) source 

Lo Ll Mean Lo Ll Mean Lo Ll Mean Lo Ll Mean 

SI 20.2 22.1 21.1 516 630 573 1l.8 1l.9 11.8 18.1 20.0 19.0 
S, 19.4 19.8 19.6 526 533 530 7.6 1l.2 9.4 19.4 19.2 19.3 

S: 21.0 21.6 21.3 516 533 525 12.8 14.8 13.8 18.1 17.5 17.8 

S. 21.6 21.0 2l.3 610 633 621 14.1 14.9 14.5 18.0 20.3 19.1 

Ss 20.6 2l.4 2i.0 500 646 573 11.1 14.6 12.8 19.6 18.6 19.1 
S6 19:1 20.8 19.9 486 513 500 11.5 12.l 11.8 18.2 20.2 19.2 
Mean 20.3 21.1 525 581 11.5 12.9 18.6 19.3 

SFm± , CD(~.05) SFm± CD(~.05) SFm± CD (P=O.05) SFm± CD (P=O.05) 
Liming(L) 0.19 NS 14.16 NS 0.30 NS 0.28 NS 
P Source(p) 0.34 0.99 24.52 71.92 0.52 l.52 0.48 NS 
Interaction (LxP) 0.48 1.39 34.68 101.71 0.73 2.15 0.67 NS 

Lo' without lime; L
1

, lime @500kglha 
. SI' rock phosphate (RP); S2' single superphosphate (SSP); S3' dia.'1l111onium phosphate (DAP); S4' RP+DAP (50:50); Ss, RP+SSP (50:50); 

S6' SSP + DAP (50:50) 

Table 2 Grain yield of rice and net returns as influenced by phosphorus sources and liming 

Phosphrous Grain yield (kglha) Netretums 
source 

1992-93 1993-94 

Lo LI Mean Lo Ll Mean Lo 

SI 4156 4684 4420 4620 5030 4825 4800 

S2 3960 4130 4045 4540 4620 4580 4660 

S3 4070 5350 4710 4785 4995 4890 4760 

S. 4080 5870 4975 5070 5820 5445 5160 

S5 4600 5040 4820 4200 4630 4415 4880 

S6 4490 4250 4370 4390 4610 4500 4760 
Mean 42.20 48.90 46.00 49.50 48.40 

SFm± CD SEm± CD SEm_:!: 
(~.05) (P=O.05) 

Liming(L) 90 290 80 250 90 
P Source (P) 170 490 190 590 150 
Interaction 240 NS 210 NS 220 

(LxP) 

Lo' Without lime; Ll' lime @ 500 kgiha 

was superior over without lime. Grain yield increased by 8% 
with liming compared with the control. Among difterent 
sources of phosphorus and their combinations, rock 
phosphate + diammonium phosphate (50:50) was 
signitlcantly superior over the application ofrockphosphate 
alone. Grain yield increased by 12.6% with application of 
rock phosphate + diammonium phosphate (50:50) compared 
with the basal application of rockphosphate. Higher grain 
yield under rock phosphate + diamr:nonium phosphate (50:50) 
may be due to higher number of panicles (6211m2), grain 
weight (14.5 glhill) and also panicle length (21.3 cm) which 
positively correlated to the grain yield per ha(Table I). Lower 
grain yield of paddy with application of single superphosphate 
was due to the poor yield components. The reduction in yield 
with single superphosphate is due to transtormation of water-

1994-95 Mean of3 years (Rs/ha pooled 3 years) 

LI Mean Lo LI Mean Lo L, Mean 

4860 4830 4520 4860 4690 5655 5865 5760 
4650 4655 4385 4455 4420 4889 5414 4651 
4790 4775 4540 5040 4790 5576 6264 5920 
5230 5195 4770 5640 5205 6271 7958 7114 
4840 4860 4560 4840 4700 5563 5633 5598 
4860 4810 4545 4575 4560 5369 4744 5056 
48.70 45.50 49.00 5554 5813 
CD SEm_:!: CD SEm_:!: CD 

(P=O.05) (P=O.05) (P=O.05) 
NS 90 270 64 190 
490 160 480 188 562 
NS 230 NS 236 NS 

soluble phosphorus to non available form of phosphorus in 
acidic condition. Similarly Packiaraj and Venkataraman 
(1991) have reported that paddy yields were lower with 
application of single sup~rphosphate lliid rock phosphate. 

In combination of rock phosphate + diammonium 
phosphate, P from diammonium phosphate released in the 
beginning and P from rock phosphate released slowly, thereby 
supply of P to crop continuously and this increase in the 
yield. 

Similar results were reported by Sah and Mikkelsen 
(1983). Net retums (pooled data on years) was significantly 
higher (Rs 7 114/ha) with application of rock phosphate + 
diammonium phosphate (50:50) followed by diammonium 
phosphate (Rs 5 920) and lowest net income observed was 
in single superphosphate (Rs 4 65l/ha). Net returns 
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incrca~ed by 23.5% with application of rock phosphate + 
dia!llmonium phosphate (50:50) compared \"ith the basal 
applicmion of rock phosphate. 

Application of lime signiticant1y increased the grain 
yield them the control. This might be due to creation of 
favourabic physical cll1d chemical conditions in the soil and 
better availability and uptake of nmrients. Simi1::u- results 
were reponed by Budhar (1992), Raju t?: aT. (1985) and Pra'iad 
et al. (1%3). 
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ABSTRACT 

A field investigation on rice (Oryza saliva L) \vas carried out in rainy season (kharif) 1994 to study the influence 
of flyash, fertilizer and farmyard manure application on yield and trace metal content in rice and its availabiliy in soil. 
Flyash, fertilizer and furmyard manure application in soil significantly increased the yield ofrice over the control, but 
fertilizer alongwith flyash proved to be superior to that with application of tlyash and manure. Trace metal content in 
rice grain at 50 and 100% NPK level in combinatiou with 10 tounes of farmyard manure did not vary significantly at 4 
and 8% tlyash. Nickel content of rice grain (7.6 lIIg/kg) showed a significant increase at 8% level of flyash addition 
compared with 4% level (4.4 mg/kg). Total uptake of some heavy metals (pb, Ni and Co) by rice grown in 4 and 8% 
flyash amended soil were higher compared with the farmyard manure treated plots or that not treated with flyash. Flyash 
did nbt significantly intluence the availability oftrqce metals in soil. Results suggest that 4% flyash addition results in 
higher grain yields of rice without any possible traQe metal contamination of soil and plant. 

Key words: flyash, fertilizer, farmyard manure, rice, heavy metals 

Flyash is a hazardous industrial waste from coal tired 
power plants. Coal consumption in the country has increased 
over the ye~ in need for energy. Coal utilization of 180 
million tonnes per annum with 35% ash in power plant is 
likely to add about 63 million tonnes of ash per year by ~OOO 
AD (Bose and Singh 1989). This huge amount of flyash 
evolved is dumped in ash disposal area which create Prob­
lems of degradation and environmental hazards. Besides the 
present use of flyash in making bricks and cement refra~tory 
products, flyash disposal in agricultural land is a viable al­
ternative. In agricultural soils, flyash can be used as a. soil 
amendment or multinutrient source to benefit crop Produc­
tion and can partly solve the problem of its disposal. Th.e 
present study was undertaken in transplanted rice crop with 
flyash from Bokaro steel plant. A detailed characterization 
of flyash from different sources have been presented else­
where (Kumar 1997). 

MATERIALS AND METHODS 

A field experiment was conducted in the experimental 
area of the university with 'IR 36' rice (Oryza sativa L.) as a 
test crop during rainy season 1994 on a sandy clay loam 

I. Research Scholar, :!professor and Chairman, lSenior ~cien­
tist, Department of Soil Science & Agricultural Chemistry, • Prin­
cipal Research Manager, Steel Authority of India Ltd., R&D Cen­
tre for Iron & Steel, Ranchi 834 002 

soil. The soil hadpH 7.2; Organic C 5.1 glkg; CEC 15.2 C 
mol (P+)I kg; Available N and P 150.5 and 15.56 kglha; 
DTPA extractable Fe 120; Mn 65.5; Zn 2.1; Cu 1.6; Co 1.8; 
Pb 5.4; and Ni 0.31 mglkg. 

Flyash was collected in bulk :from ash disposal site of 
Bokaro steel plant. Bokaro flyash was moderately acidic in 
reaction (PH 6.0) and texturally sandy loam. It had EC 0.21 
dS/m; water holding capasity 65.90%; Ca and Mg 10.64 
and 5.75 C Mol (p+)/kg; moisture 21.5% and organic C 
13.0 g/kg. Total N, P, K, S, Fe, Mn, Zn, Cu, Pb, Ni and Co 
content in l1yash was 95, 7 ISO, 8052,256, 15445,207, 
175,221,97, 129 and 193 mglkg, whereas available content 
was 39, 104, 200, 97> 15, 5, 1.6, 1.5, 2.3, 1.4 and 3.5 mglkg 
respectively. 

The treatments comprised of different flyash levels added 
with and without farmyard manure and NPK fertilizers. The 
plot size was 5 m)( 4 m and flyash @ 4% (89.6 tonnes!ha) 
and 8% (179.2 tonnes/ha) were added in each plot as per 
treatment combinations before puddling and recommended 
dose of NPK (100:60:40), 50% NPK level were supplied 
through urea, superphosphate and muriate of potash 
fertilizers. Full dose of P and K and half dose of N were 
applied before transplanting and remaining dose of N was 
applied in 2 equal splits. Recommended agronomica1 
practices were followed. At maturity crop was harvested, 
grain and straw samples were collected. DTPA extractable 
tracemetals.m SDi) werc alla)ysed (Lmibay allO NorvcJ] J 97B) 
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Table 1 Effect offlyash, fertiliser and fiUlllyard manure application on yield of rice (tonneslba) 

Treatment Yield Per cent increase in yield due to 
treatment 

Grain Straw Grain Straw 

O%flyash 3.54 3.76 

4%flyash 3.82 4.32 8.0 14.8 

8% flyash 4.17 4.96 17.8 31.8 

4% flyash + 50% NPK 4.33 5.10 22.3 37.9 

8% flyash + 100% NPK 4.85 6.23 37.1 65.2 

4% flyash + 10 tonnes farmyard manureJba 4.08 5.63 15.4 49.4 

8% flyash + 10 tonnes farmyard manureJba 4.36 6.04 20.3 60.5 

4% flyash + 10 tonnes farmyard manurelha + 50% NPK 4.63 5.96 30.9 58.2 

8% flyash + 10 tonnes farmyard manurelha + 100% NPK 3.99 5.98 12.7 58.8 

10 tonnes farmyard manureJba 3.77 4.45 6.5 18.1 

CD tP=D.D5) 1J:'.:(o 1J:'f1t 

Table 2 Effect of flyash, fertilizer and farmyard. manure application on trace metal content (mglkg) in rice grain 

Treatment Trace Metals 

Fe Mn Zn Cu Co Pb Ni 

0% flyash 104 42 53 30 5.8 3.3 4.0 

4%flyash 114 55 57 33 7.1 3.9 4.4 

8%ilyash 115 56 58 33 7.3 4.1 7.6 

4% flyash + 50% h"PK 124 57 56 31 7.0 3.8 6.5 

8% flyash + 100% NPK 136 57 60 35 7.5 3.9 6.5 

4% flyash + 10 tonnes farmyard manurelba 112 53 55 32 7.2 3.9 5.6 

8% flyash + 10 tonnes farmyard manurelba 132 46 56 35 7.7 4.0 7.2 

4% flyash + 10 tonnes farmyard manurelha + 50% NPK 147 53 57 32 8.2 3.8 6.3 

8% flyash + 10 tormes farmyard manurelba + 100% NPK 159 61 60 37 8.6 5.1 7.4 

10 tonnes farmyard manurelba \ 126 50 53 31 6.3 3.6 5.9 

CD (P=O.05) 26 12 4 3 1.6 0.6 1.4 

Table 3 Effect of flyash, fertilizer and farmyard manwe application on DTPA extractable trace metals (mg/kg soils) after rice. 

Treatment Trace Metals 

Fe Mn Zn Cu Co Pb Ni 

O%flyash 91 24 2.9 3.8 2.6 7.0 0.5 

4%flyash 92 23 2.5 4.2 2.7 8.1 0.6 

8%flyash 85 28 3.0 4.3 3.3 7.5 0.4 

4% flyash + 50% NPK 94 26 2.8 3.9 3.4 9.2 0.7 

8% flyash + 100% NPK 92 24 2.9 4.4 3.4 8.6 0.7 

4% flyash + 10 tonnes farmyard manurelha 83 23 3.1 4.1 3.6 8.3 0.7 

8% flyash + 10 tonnes farmyard manurelba 93 24 2.7 3.9 3.l 8.5 0.7 

4% flyash + 10 tonnes farmyard manureJba + 50% NPK 93 25 2.7 3.5 2.5 8.0 0.6 
8% flyash + 10 tonnes farmyard manureJba + 100% NPK 93 24 3.7 4.2 3.9 8.2 0.8 
10 tonnes farmyard manureJba 91 21 3.3 5.0 2.2 9.6 0.8 
CD (P=O.05) NS NS 1.2 0.9 1.0 2.1 0.2 

by Atomic Absorption Spectrophotometer (AAS) (GBe 902). RESULTS AND DISCUSSION 

?rain and straw samples were digested (HN0
3 
:HCI0

4 
:~S04 Yield a/rice 

In 10:4:1) as described by Piper (1966) and trace 1lletal Grain yield of rice varied from 3.54 (control) to 4.85 
content in the digest was detennined by AAS and the uptake (8% flyash + 100% NPK) and straw yield from 3.76 (control) 
values comQuted. to. li7.2._ tffilIU'sLha. (~%. i]~_ + UlQ%_ NPK), resQectively. 
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Flyash, fertilizer and farmyard manure application in soils 
signi1icantly increased the yieldofrice over control (Table 
1). Fertilizer use along with t1yash proved to be superior to 
that with combined application of flyash and manure in 
enhancing grain yield of rice. It was interesting to note that 
10 tonnes/ha farmyard manure had similar effect as that of 
4% tlyash level on straw and grain yield of rice. Increase in 
grain and straw yield of rice ranged form 6.5 to 37.1 ~md 
14.8 to 65.2% respectively with difierent treatments. Increase 
in yield was highest with 8% flyash added with full dose of 
fertilizer (100% NPK). Singh and Singh (1986) reported that 
20% f1YaSh application in soil signil1cantly increased the 
straw and grain yield· of rice. Rao et al. (1990) showed 
maximum growth and biomass accumulation with 15% t1yash 
addition. Singh el al. (1996) reported a significant increase 
of dry matter yield of rice up to 16% flyash incorporation in 
pot culture studies. The present study indicates that 8% (WI 
W) level of flyash was beneticial for rice crop when applied 
along with chemical fertilizers. Flyash do not contain 
adequate plant nutrients in available form to sustain high 
crop yields and thus it can at best be used as a supplement to 
chemical fertilizers. 

Trace metal content in rice grain 
Concentration of different trace metals, viz, Fe, M'1, Zn, 

Cu, Co, Pb and Ni in rice grain were highest in 8% flyash + 
. farmyard manure +NPK plots (Table 2). The increase in 
content of trace metals compared with Ll:ie control plots ranged 
from 104 to 159 (Fe), 42 to 61 (Mn), 53 to 60 (Zn), 30 to 37 
(Cu), 5.8 to 8.6 (Co), 3.3 to 5.1 (Pb) and 4.0 to 7.4 (Ni) mg! 
kg. Trace metal contents in rice grain at 50 and 100% NPK 
level added with 10 tonnes farmyard manure did not vary 
signitlcantly with 4 and 8% flyash levels. Data reveal that 
with 8% 11yash incorporation in soil, trace metal content in 
rice grain was not much int1uenced. But, this is not true for 
Ni content of rice grain which showed a significant rise (7.6 
mglkg) at 8% level compared to that at 4% level of t1yash 
addition (4.4 mglkg). The results obtained are in conformity 
with the findings of Page et al. (1979) and Rao et al. (1990). 
The study points out the need to monitor the trace metal 
levels (especially Ni, Pb) in piants grown in flyash dumps. 
Trace metal uptake by rice crop showed similar trends as in 

. case of yield with diilerent treatments. Graded levels offlyash 
incorporation in soil signiticantly increased the uptake of 
trace metals by rice crop. Hig.'1er uptake ofPb, Ni and Co by 
rice grown in flyash amended soil was recorded as compared 

. to that treated .. vith farmyard manure or that not treated with 
flyash. 

Trace metal availability in soil 
Flyash did not signitlcantly influence the availabiltiy 

of Fe and Mn in soil. Similar was the situation with most of 
the trace metals. Flyash incorporation in soil along with 
farmyard manure and chemical fertilizers showed an increase 
in trace metal availability in soil (Tallie 3). This could 
primarily be due to farmyard manure application. It is 
apparent from the results that under waterlogged situation, 
the availability of trace metals were not atlected by tlyash 
incorporation in the soil. 
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ABSTRACT 

An experiment was conducted during 1994-95 at Cuttack on the effect of delayed transplanting on the rate of 
development and duration of growth in rice (Oryza sativa L.) over 2 sets of seedlings differing in their age at the time of 
transplanting on alluvial soil (haplaquept). Number of days and of growing degree-days to reach active tillering, panicle 
initiation, flowering, milky white grain and 80% panicle ripe were computed. Yield, panicle weight and test weight 
were measured, and straw yield and vegetative growth index were calculated. Correlations were calculated for these 
values with number of days and with number of growing degree-days at each stage of development. In delayed trans­
planting, significant correlations occurred between yield factors and growing degree-days, rate of development and 
duration of growdL Number of days to reach each stage of development was significantly reduced by delayed transplant­
ing, whereas there was no reduction in number of growing degree-days. On entry mean basis, neither number ofaccumu-. 
lated growing degree-days nor number of days was correlated with grain yield, straw yield or test weight. Both the 
parameters could be useful for predicting rate of development and duration of growth; however, since number of grow­
ing degree-days is less variable throughout the season, its use is beneficial. 

Key words: growth stages, growing degree-days, rice, Oryza sativa, seedling age, transplanting date, temperature 

The response of plant development and growth to tem­
perature was noted by Reamure in' 1735. He proposed the 
thermal constant concept which eV91ved into the heat unit 
and growing degree methods for determining plant response 
to temperature (Nuttonson 1948). Although crop develop­
ment from transplanting to flowering can be influenced to 
some extent by factors such as energy supply, humidity, nu­
trients and water stress, it is principally controlled by tem­
peratures 31ld photoperiod (Ritchie 1993, Horie 1994, 
Shaykewich 1995). 

Rice (Oryza sativa L.) is sensitive to variable tempera­
ture and moisture at different stages of plant development 
(Manalo et al. 1994). Manalo et al. (1994) and Gao et al. 
(1992) found that anthesis is the most sensitive stage to 
tempereature extremes. Summerfield et al. (1992) reported 
that high temperatures reduced duration of both vegetative 
and reproductive phases of rice plant development, but the 
effect on the reproductive phase was less pronounced that on 
the vegetative phase~ 

We assessed the efiectsoftemperature and delayed trans· 
planting on the rate of development, duration of growth~ and 
yield of rice to determine whether number of days or number 
of growing degree-days was the better prediCtor of plant de­
velopment. 

1 Scientist, 2 Senior Scientist, Division of Plant Physiology 

MATERIALS AND METHODS 

The materials used were 7 cultures of rice viz, 'lET 
13231', 'lET 13232', 'lET 13238', 'lET 13239', 'lET 
l3285', 'Ratna' and 'Vikas'. All entries were sown in field 
on 3 dates with 2 sets of seedlings differing in their age (30 
and 45 days) at the time of transplanting. The field studies 
were conducted on an alluvial loam soil (Haplaquept) at the 
Institute, Cuttack during 1994--95 and replicated thrice. A 
plot size of 12 m2 area with 20 cm x 15 cm spacing was 
followed~ The seedlings at 30 and 45 days were planted on 
15 July (I planting), 30 July (II planting) and 14 August (III 
planting). Normal fertilizer dose (50 kg N in 3 splits-50% 
at planting and the rest in equal doses at the mid-tillering 
and booting stages, 11 kg P and 21 kg K/ha as basal) were 
followed. 

Rate of plant development was assessed as the number 
of days from transplanting to tillering, panicle initiation, 
flowering, milky white grain and 80% panicle ripe stages. 
Number of days to a certain stage was recorded when half of 
the plants in a plot were at that stage. Plants from 1 m2 area 
were harvested at ground level and air-dried, Each bundle of 
culms was weighed to give biological yield; then the bundle 
was threshed and grain weight and test weight were recorded. 
Grain yield was computed from the weight of the threshed 
seed. Harvest and vegetative growth indices were calculated. 
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Continuous readings of temperature (daily minimum and 
maximum), relative humidity and precipitation were recorded 
at the experimental site. The growing degree-days on per 
day basis were calculated according to the formula by 
Nuttonson (1948). 

GDD =. [Dailyminimwn temperature + daily maximum tem-
perature ]/2-base temperature 

where daily minimum temperature is lODe if the actual daily 
minimum temperature is ::: lODe, daily maximum tempera­
ture is 30°C if the actual daily maximum temperature is > or 
<300 e; and base temperature is I DoC (Gadekar e/ al. 1988). 
Data from each transplanting date in each seedling age were 
analyzed as being from separate experiment. For statistical 
analysis, seedling age and transplanting dates were consid­
ered as random variables and then entires were fixed. All 
tests of significance were conducted at the 0.D5level unless 
otherwise indicated. 

RESULTS AND DISCUSSION 

The growing degree-days and the number of days to 
reach panicle initiation, flowering and 80% panicle ripe dif­
fered significantly between the sets of seedlings with differ­
en.t age indicating the variations in plant ontogeny. Co-em­
cient of variation for number of days to developmental stages 
ranged from 0.7 to 6.9%, whereas it ranged from 0.9 to 7.7% 
for number of growing degree-days. By delaying the trans­
planting of30-day-old seedlings, the number of days to reach 
any stage of rice plant devleopment decreased. The decrease 
was significant between the I and II transplanting stages. 
But, with the 45-day-old seedlings, the differences due to 
delayed transplanting were less pronounced. 

The growing degree-days required to reach all 5 stages 
of development in 30-day-old seedlings were generally maxi­
mum at followed by I and III transplanting dates. At active 
tillering, the growing degree-days showed trends af maxi­
mum at II followed by I and III transplanting dates. In the 
case of 45-day-old seedlings, the growing degree-days to any 
stage of development except 80% panicle ripe were highest 
at the I transplanting date. Generally, the growing degree­
days requirement to reach any stage of plant development 
was less subj eet to a constant downward trend over the trans­
planting dates than the number of days required to reach any 
stage of development. For,example, in both sets of seedlings 
with 2 different ages, the number of days required to reach 
any stage of development at particular transplanting date 
ditIered significantly from those of all other transplanting 
dates, whereas the ditTerences in the growing degree-days 
were not signitlcant. Delayed transplanting of 3D-day-old 
seedlings had no eirect on biological yield or harvest index 
and no signiflant etTects on grain and straw yields, and test 
weight (Table 1). In 45-day-old seedlings, transplanting date 
had no effect on the bundle weight or straw yield, but grain 
yield, harvest index and test weight were significantly re­
duced by delayed transplanting. 

Table 1 Means and least significant differences (LSD) for grain 
yield, harvest index, straw yield and test weights of rice 
transplanted on different dates with 30- and 45-day old 
seedlings 

Date of transplanting Trait 

Grain Harvest Straw Test 
yield index yield weight 
(tIha) (%) (t'ha) (gil 000 

seed) 

30-day old seedlings 
15 July (I) 3.49 43.37 4.51 ]9.5 
30 July (ll) 2.82 41.21 4.02 18.5 
August 14 (III) 2.68 38.62 4.27 19.7 
LSD 0.266 NS 0.256 0.741 

45-day old seedlings 
15 July (I) 2.81 38.18 4.48 18.7 
30 July (ll) 2.27 38.51 4.37 17.8 
August 14 (ill) 2.57 36.72 4.42 17.4 
LSD 0.211 1.941 NS 0.65 

Delayed transplanting of seedlings with both age groups 
led to increase in vegetative growth index, whereas duration 
of vegetative growth based on number of days until heading 
decreased. Changes in growth duration to various stages due 
to delayed transplanting were most pronounced for flower­
ing and 80% panicle ripe indicating that these stages could 
be optimal for studying the response of rice plant to delayed 
transplanting. Nass and Reiser (1975) showed that wheat 
genotypes with high grain filling rate and short grain-tIlling 
duration produced high grain yields, especially in areas with 
a short growing season. In support of this theory, straw yield 
was decreased. In areas with long growing sea<;()n, it might 
be desirable to select short rice genotypes with decreased 
vegetative biomass (or straw yield) while maintaining dura­
tion of vegetative growth similar to the normal duration for 
the area. Recent rice breeding has put emphasis on selecting 
genotypes with decreased growth duration but increased veg­
etative growth rate (Khush 1995, Muralidharan et al. 1996). 
A balance between growth rate and duration of growth leads 
to phenotypic plasticity for yield. !Iir, 

With the 3D and 45~day-old seedlings, factors other than 
temperature limit the value of using the accumulated grow­
ing degree-days for predicting development of rice plant. 
For example, solar radiation was much below than the nor­
mal and low solar radiati.on could cause over estimation of 
the number of effective growing degree-days per month. 
N either the growing degree-days nor duration of growth could 
be useful to predict grain yield, harvest index, straw yield, 
or test weight with any degree of accuracy. With the excep­
tion of extremely early transplanting dates, the growing de­
gree-days predicted when the rice plants would reach vari­
ous stages of development with greater precision than did 
duration of growth as measured by number of days to a given 
developmental stage. Lommis and Comor (1992) also ob­
served that the relative variation of any heat lmit method is 
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Table 2 Correlations of number of days and accumulated growing 
degree-days required to reach various stages of 
development, and of vegetative growth index with grain 
yield, harve!>1 index, straw yield and test weight on an 
entry mean basis 

Date of transplanting Trait 

Grain Harvest Straw Test 
yield index yield weight 

(tonnes (%) (tonnes! (gil 000 
/ha) ha) seed) 

Active tillering 
GDD 0.367 0.634 -0.693 0.598 
Days 0.269 0.536 -0.675 0.603 

Panicle initiation 
GDD 0.247 0.717 -0.679 0.584 
Days 0.201 0.465 -0.651 0.575 

Flowering 
GDD 0.148 0.743 -0.804* 0.591 
Days 0.115 0.430 -0.845 0.478 

Milky white 
GDD 0.091 0.662 -0.717 0.591 
Days 0.152 0.426 -0.685 0.550 

80% panicle ripe 
GDD 0.086 0.372 . -0.788* 0.539 
Days 0.220 0.509 -0.771* 0.524 

Vegetative index -0.362 -0.621 0.909** -0.453 

*P=O.05, **p = 0.01 

considerably less than fW calendar days. Horie (1994) em­
phasized that it is the mean daily temperature which con­
trols crop development to tlowering, rather than any spe­
cific effect of either day or night temperature. Few of the 
correlations of grain and straw yiel~, harvest index, test 
weight with days or the number of growing degree days to 
reach various developmental stages were significant (Table 
2). In addition, only straw yield was significantly associated 
with vegetative growth index suggesting that neither growth 
duration nor developmental rate had much inf1uence on grain 
yield. The growing degree-days concept predicts develop­
ment of a crop solely from the accumulated growing degree 
day units above the base temperature, with no attention be­
ing given to the intluence of day-length, light intensity, dis­
ease, moisture or CO

2 
concentration. Incorporation of these 

factors into a thennal-unit model is to increase its accuracy 
iIi designing an ideotype of a crop in a target environment. 
Our results support the idea that a model that incorporates 
these additional factors is needed. This will help to optimize 
productivity by matching ontogeny to the weather of.the tar- . 

get environment (Lawn et af. 1995) and where unfavourable 
extremes are unavoidable to minimize their coincidence with 
more vulnerable stages. 
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ABSTRACT 

A study was conducted during 1992-93 on weed density effect of Chenopodium album on wheat (Triticum aestivum 
L. emend.Fiori & Pao!.) in pots at Mymensingh, Bangladesh. Three densities of the weed (56, 112 and 224/m2) were 
established in each of the 3 crop densities (56, 112 and 224/m2). Results showed that dry matter ofwheatlplant, grain 
yields/plant and weed dry matter/plant were reduced progressively with the increase in both weed and crop densities. 
However, significantly higher grain yield/pot was observed due to increase in crop density. No effect of weed density on 
grain yield/pot was noted. The effect of crop and weed density on number oftillers/plant, number of pan icleslpl ant and 
number of grains/panicle were similar to that of grain yield/plant. The interaction eftect of crop and weed density was 
significant only in weed dry matter/plant when monoculture of weed was included. The crop tolerated the detrimental 
effects of C. album'up to weed density of 224/m2 without much loss in its yield The competitive ability of the weed as 
measured by aggressivity was significantly higher at low density of weed but it was unaffected under different crop 
densities. 

Key words: Chenopodium album, weed density, crop density, aggressivity, wheat, Triticum aestivllm 

Chenopodium album (locally called as bathua) is an 
important weed of wheat (Triticum aestivum L. emend Fiori 
&Paol.) all over the world (Holm et 01. 1977). In Bangladesh, 
more than 70% of weed vegetation in wheat is composed of 
this species (Karim et aZ. 1993). Harrison (1990) reported 
that a low infestation of C. album left uncontrolled for a 
single season is capable of producing enough seeds to 
maintain weed population that could exceed economic 
thresholds for several years. Since the competitive 
relationship between crop and weed are density dependent 
(Firbank and Watkinson 1985), the knowledge on the eiIect 
of different densities of C. album and that of wheat on yield 
of the crop is important to make weed control decisions. 
Although the eflect of weed competition on wheat in mixed 
popUlation of weeds was studied in the country (Khan and 
Rahman 1975, Khan et ai. 1976, Shaha 1986) information 
on the effect of ditIerent densities of C. album on wheat is 
not available. 

The competitiveness of a weed is dependent on anumber 
of factors, among which the effect of crop density is important 
(Medd et 01. 1985). In general, under higher number of crop 
plants/unit area less growth of weed is occurred and vice­
versa. Optimum plant density of wheat at which the 
competitive eUect of C. album can be minimised to the 
economic threshold level is not known in Bangladesh. An 

I. Associate Professor 2J>rofessor, 3Graduate student, Depart­
ment of Agronomy 

investigation was, therefore, undertaken to observe the effect 
of different densities of C. album on the growth and yield of 
wheat and the effect of different densities of wheat on the 
growth and development of the weed and wheat, and also 
the effect of different densities Qf weed and wheat on the 
competitiveness of C. album. 

MATERIALS AND METHODS 

Establishment oj weed and wheat seedlings 
Pot-experiment was conducted in the net house of the 

department of agronomy of the university at Mymensingh, 
during November 1992 to March 1993. Pots (30 em diameter 
X 30 cm depth) were filled with silty loam soil mixed with 
cowdung @ 70 gil kg of soil. Urea @ 102 kglha, triple super­
phosphate @ 85 kglha and muriate of potash @ 50 kglha 
were well mixed with the soil bet ore sowing of wheat. Three 
densities (4, 8 and 16 plants/pot) of C. album were 
established. The crop and weed densities were equivalent to 
56, 112 and 224 plantslm2. The treatments were arranged in 
a split-plot design. Monoculture of crop and weed under those 
3 densities were also maintained. The border pots were 
surrounded by one row of extra pots to avoid the side eifects. 
Wheat seeds were sown as per treatment specifIcation on 1 
November 1992 @ 3 seedslhill. The seedlings of C. album 
were raised from soil reserve, since the soil was collected 
from the field with heavy infestation of the weed. Post-sowing 
watering was done to enhance seed germination in the pots. 
Crop and weed seeds which germinated more or less at the 
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same time, ie after 5-7 days of wheat sowing were used as 
test materials. Late-germinated ones and weeds of other 
species were removed time to time fromlhe pots. Unifonn 
distribution of weed seedlings within the pots was maintained 
by replanting young seedling where necessary. Thinning of 
wheat seedlings was done after 10 days of crop emergence to 
maintain the required densities. Weeds matured earlier than 
the crop and they were harvested on 2 March 1993. The 
crop was harvested on 10 March. Before harvesting, the plant 
height, number of tillers, number of panicles/plant were 
recorded. Wheat grains were separated from the panicles by 
hand and grain yields were recorded at 14% moisture level. 
Harvested weed and wheat plants were dried in an oven at 
80°C for 72 hours to record the dry weight. 

Competitive ability 
An additive technique was icHowed where the density 

of each components (crop or weed) in a mixture was identical 
to that of its corresponding pure stand. Aggressivity was used 
to measure the competitive ability according to the fonnula 

AGR=(W ,/W ",}-(Wm/W-oo) 

where AGR, aggressivity of the weed ("a") in relation to 
crop ("b"); W aa and W

bb
, weight/plant of weed and crop, 

respectively in monoculture; W.b and W ba' weight/plant of 
weed and crop, respectively in mixtures with each other. The 
greater value of aggressivity indicates higher competitive 
ability of the weed (McGi1christ and Trenbath 1971). 
Aggresshity values ofweeds were calclliated under ditferent 
densities of crop and weed. Correlations {vere studied betWeen 
yields of crop and weed, and the density of crop/weed. The 
calculated data were analysed statistically and the mean 
differences were adjudged as per LSD test. 

RESULTS AND DISCUSSION 

Effect of weed density 
AlthOUgh the competitive etfect of C alhum rendered 

the reduction of wheat dry matter, the effect of difTerent 
densities was insigniticant. About 14% dry matter was 
reduced due to weed competition. However, negative 
correlation was noticed between the wheat dry matter 
accumulation and weed density (Fig 1). The rate of decrease 
was less as the weed density increased. 

The grain yield reduced significantly when compared 
with the weed-free grain yield. However, the comparative 
effect of 3 weed densities was again insigniticant, causing 
very little yield differences (Fig 2). Campbell (1979) in his 
pot experiment also found only slight competition of 
Chenopodium album against maize. At the highest weed 
density (224 plants/m2) the corresponding dry matter 
accumulation of weed was only 57 glm2 which indicates more 
intra-specinc competition occurred with increase in density 
and finally the etTects of C. album on wheat grain was 
nullified. Less effect of the weed under the highest density 

was substantiated by thefact of progressive reduction of per 
plant weight of weed with increase in weed density (Fig 3). 
Among the yield components, number of tillers/plant and 
number of panicles/plant were significantly influenced by 
weed cornpetiton when compared with the weed-tree crop. 
However, plant height, number of grain/panicle and .1 000-

grain weight were unaiTected. Again no difference was 
observed in the effects of weed density on those plant 
characters (Table 1). 

Effect of crop density 
Signiticant effect (P < 0.05) of I,:rop density was found 

on dry-matter accumulation of weed. Weed dry matter was 
severely reduced with the increase in crop density. On an 
average, about 90% of weed dry matter was reduced dp" to 
crop competition. The effect of ditTerent densities ,,"as also 
sigr..iflcant (Fig 4). However, the competitive effect; of wheat 
on C. album decreased with increase in crop df11sity and no 
difference was found betWeen 1he effects of 112 and 224 
weedsfm2

• 

Crop dry matter was progressivf\Y reduced with the 
increase in crop density and sigriific~ltly lowest values were 
observed due to the highest densit~'(Fig 5). Number of tillers 
and number of panicles/plant vere also reduced with the 
increase in crop density, but the plant height, number of 
grains/panicle and 1 OOO-grail weight were unaffected (Table 
1). Although the grain yie\.l/plant reduced with the increase 
in crop density, the per rut yield increased signiticantly (Fig 
6). The results indicat~d that increasing wheat density up to 
224 plantsim2 the crop could produce 2.42 tonneslhaofwheat 
which is in the nmge of optimum yield of the variety. 
Although the inter-specific competition reduced the values 
of yield attributes, the overall effects of higher number of 
plants/unit area might led to higher' production of wheat 
grains. Very little dry-matter production of weed at this crop 

Table 1 Effects of density of (a) C. album and (b) wheat on the 
plant characters of 'Sonalika' \Vheat. 

Weed or wheat 
density 
(plants/ Plant 
m2) height 

C.albllm 
0 68.39 
56 67.22 
112 67.15 
224 65.99 
LSD (P=O.05) 2.79 
meat 
56 68.56 
112 68.38 
224 64.63 
LSD (P=(l.05) 3.79 

Plant characters ofwheat 

Tillers 
(no.! 
plant) 

1.60 
1.13 
1.04 
1.00 
0.37 

2.10 
0.89 
0.16 
0.41 

Panicles 
(no.! 
plant) 

1.88 
1.79 
1.76 
1.68 
0.17 

2.69 
1.60 
1.05 
0.39 

Grain 
(no.! 

panicle) 

29.56 
28.87 
28.39 
28.34 
3.14 

30.99 
28.79 
26.59 

2.67 

1 OOO~ 
grain 

weight 
(g) 

38.73 
38.42 
38.01 
38.01 

1.08 

36.37 
38.82 
38.69 

3.00 
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Fig 1 Effect of C. album density on 'the dry matter of wheat 
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Fig. 2 Grain yield of wheat under different C. album densities 

2.5 T 

2.0 t 
C 
ro .5 

~ 
E 0 
"C 
a; 
>- 0.5 

0 
56 112 224 No weed 

Weed densit\; (no.!m') 

Fig. 4 Dry matter of C. album under different densities of wheat 

~ 0.71 0. 0.6 

'" :;; 0.5 
Q) 

~ 0.4 
"0 

~0.3 ~ ~ 
E 0.2 1 
& O~ +----- ... ~ 

56 112 224 
Wheat density (no'/m') 

Fig. 6 Grain yield of wheat under different wheat densities 
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density also related to betterperfonnance of wheat under the 
treatment. The optimum plant population of spring wheat 
was also reported as 150-300/m2 in UK (Lockhart and 
Wiseman 1988). However, in Bangladesh comparatively less 
number of plants 1m2 is used. 

The effects of ditlerent weed densities on dry matter 
production of wheat and grain yield was similar under 
diflerent crop densities. The interaction effect of crop and 
weed densities was significant on dry matter accumulation 
of weed/plant when monoculture of weed was included but 
the etIect was insignificant among 3 densities of weed. 

Competitive ability oJe. album 
The competitive ability of e. album as measured by 

aggressivity varied under ditferent weed densities, but it was 
unaffected under different crop densities (Fig 7). The weed 
was signitIcantly more aggressive at low density. However, 
it was similar aggressive under population density of 112 
and 224 plants/m2. With higher weed density the intraspecific 
competition increased, which mIght make the weed weaker 
against the crop. Similar response of e. album, ie more 
competitive power at low density was also noticed by others 
(Frantik 1994). 
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ABSTRACT 

An experiment was conducted during the winter season of 1991-92 and 1992-93 to study the effect of moisture­
stress and phosphorus levels on the performance of 'Vishwas' gram or chickpea (Cicer arietinum L.) in a split-plot 
design. Six levels of irrigation (3 irrigations at 25, 50 and 75 days after sowing, 4 irrigations at 15, 30, 45 and 75 days, 
2 irrigations at 25 and 50 days, 4 irrigations at 15, 30, 50 and 75 days, 2 irrigations at 45 and 75 days and I irrigations 

. at 25 days), at different growth stages of gram were in main plots and 4 levels of phosphorus (0, 11,22 and 33 kg Plha) 
in subplots. Integrated effect of stress-free conditions due to 3 irrig;ltions at 25, 50 and 75 days after sowing with P 22 
kglha did not reduce seed yield (2.19 tonneslha) of gram significantly than the same moisture level with the P 33 kglha 
(2.25 tonneslha). Imposing water-stress throughout and providing stress relief only once at 25 days after sowing proved 
significantly superior (1.39 tonneslha) to that providing stress relief twice at 45 and 75 days after sowing (1.16 tonnes! 
ha) in respect of seed yield. Relief of moisture-stress twice at 25 and 50 days after sowing was equally effective (1.70 
tonneslha) to stress relief 4 times at 15, 30,45 and 75 days after sowing (1.74 tonneslha) as well as at 15,30,50 and 75 
days after sowing (1.67 tonneslha) in respect of seed yield. The P stress from 22 kglha (1.75 tonneslha) to 11 kg!ha 
reduced the gram yield significantly (1.59 tonneslha). 

Key word4i : moisture-stress, Cicer arietinum, phosphorus, water-stress 

Gram or chickpea (Cicer arietinum L.) is usually grown 
on residual moisture in rice fallows on medium black soils 
of Konkan. In the absence of enough stored soil-moisture, 
the crop responds to supplemental irrigation (Nimje 1991). 
However, it is very sensitive to excess soil-moisture (Dahiya 
and Lather 1990). Only 1 irrigation at 60 days afler planting 
generally increases the seed yield of gram (patel et al. 1991). 
Gram responds positively up to 26 kg P/ha on soils having 
low P status (Dadhich and Mali 1991 and Singh and Ram 
1991). Hence an experiment was conducted to study 
integrated effect of water-stress and phosphorus levels to fmd 
out judicious management of these factors in gram in rice­
fallows on medium black soils of Konkan. 

MATERIALS AND METHODS 

The field experiment was conducted during winter 
season of 1991-92 and 1992-93 on medium black soil of 
Palghar, north Konkan coastal zone, in split-plot design with 
3 replications. 

The soil was clayey having organic carbon 1.03%, 
available N 188.16 kglha, available P 10 kg/ha (low), 

, Junior Agronomist, 2 Agronomist 

available K 147 kglha andpH 8.28. The field capacity of the 
soil was 32% and permanent wilting point was 20%, whereas 
the maximum water holding capacity was 52%. Six levels of 
irrigation at different growth stages, viz 3 irrigations at 25, 
50 and 75 days after sowing, 4 irrigations at 15, 30, 45 and 
75 days, 2 irrigations at 25 and 50 days, 4 irrigations at 15, 
30, 45 and 75 days, 2 irrigations at 45 and 75 days and 
irrigation at 25 days, were allotted to main plots and 4 
phosphorus levels (0, 11, 22 and 33 kg P/ha) in subplots. 
The gross and net plot size were 4.5 m X 3 m and 3.90 m X 

2.70 m respectively. An uniform basal dose of 45 kg N/ha 
through urea and P as per the treatments through single 
superphsophate were applied. Treated seed (Thiram @ 4 g/ 
kg seed) of 'Vishwas' gram was sovm in the third week of 
November at 30 em x 15 cm spacing and usual weed and 
pest control measures were followed. A common pre-sowing 
irrigation was given for all treatments and thereatler 
irrigations were applied as per the treatments. Quantity of 
water applied per irrigation was 60 mm. Harvesting of the 
crop was done during the third week of March and seed yield 
and other observations were recorded. The pooled analysis 
of data on seed yield, plant height, branches, pods and grain 
yield/plant was done and monetary evaluation of the treatment 
effect was made based on pooled seed yield data. 
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RESULTS AND DISCUSSION 

Effiet of irrigation 
Gram crop suifered significant yield loss due to water­

stress at 25 days after sowing during 1991-92 as well as in 
pooled data. However, water-stress at 75 days after sowing 
was not as detrimental as that at 25 days airer sowing. Stress 
relief at 25, 50 and 75 days after sowing proved significantly 
superior to rest of the treatments during 1991-92 and in 
pooled results. Removal of water-stress at 25 and 50 days 
after sowing only was as effective as that at 15, 30, 45 and 
75 days after sowing or at 15, 30, 50 and 75 days after sowing. 
The stress relief at 15, 30,45 and 75 days after sowing and 
at 15, 30, 50 and 75 days after sowing reduced yield due to 
excess moisture for the crop. The results confirm the finding 
of Dahiya and Lather (1990). The growth and yield 
attributing characters also showed similar trend (Table 1). 
Thus stress relief at 25, 50 amd 75 days after sowing was 
optimum for gram on medium black soils of Konkan for 
high yield, whereas providing stress relief at 15, 30, 45 or 
50 and 75 days after sowing amounted to excess moisture 
for gram. 

Effictofphosphon~ 

Application ofP increased the yield of gram significantly 
up to 22 kglha beyond which the response was not significant 
in individual year as well as on pooled basis. Dadhich and 
Mali (1991) and Singh and Ram (1991) reported response 
of gram to P up to 26 kglha Similar e~ect of P stress was 
evident on branches/plant and seed yield/plant. However, 
pods/plant showed significant and graded increase up to 33 
kg Plha. The P stress below 22 kg/ha did not reduce plant 
height markedly (Table 1). Thus P stress below 22 kglha 

Table 2 Effect of different treatment combinations on seed yield 
of gram and their economics 

Treatment Pooled Cost of Gross Net 
combination mean cultiva-

(tonnes/ tion 
ha) (Rs) 

IIPo 1.65 
Ill! 2.03 
Il22 2.19 
Illl 2.25 
go 1.41 
gil 1.73 
gn 1.85 
I}'ll 1.95 
~Po 1.45 
~PII 1.66 
~P22 1.84 
~PB 1.86 
I.P. 1.37 
Ilil 1.64 
Il22 1.84 
IlB 1.83 
IsP. 0.88 
1111 1.15 
1122 1.30 
Il13 1.30 
I!a 1.24 
I!II 1.34 
I!n 1.49 
I!B 1.50 

SEm+ 0.03 
CD (P=O.OS) 0.09 

5432 
5963 
6305 
6557 
5238 
5722 
6030 
6319 
5229 
5616 
5970 
6187 
5209 
5640 
6016 
6210 
4731 
5170 
5496 
5701 
5024 
5309 
5638 
5852 

return return 
(Rs) (Rs) 

8663 
10 658 
11498 
11813 
7403 
9083 
9713 

10238 
7613 
8715 
9660 
9765 
7193 
8610 
9660 
9608 
4620 
6038 
6825 
6825 
6510 
7035 
7823 
7875 

3231 
4695 
5 193 
5256 
2165 
3361 
3683 
3919 
2334 
3099 
3690 
3578 
1984 
2970 
3644 
3398 

-111 
868 

1329 
1 124 
1486 
1726 
2185 
2023 

Details oftreament are given under Table 1 
Selling rate of gram seed Rs 5 250/tonue 

Benefit: 
cost 
ratio 

1.60 
1.79 
1.82 
1.80 
1.41 
).59 
1.61 
1.62 
1.46 
1.55 
1.62 
1.58 
1.38 
1.53 
1.61 
1.55 
0.98 
1.17 
1.24 
1.20 
1.30 
1.33 
1.39 
1.35 

Table 1 Effect ofinigation and phosphorus levels on growth, yield and yield attributing characters of gram (pooled mean) 

Treatment 

Irrigation levels 
1

1
(25,50 and 75 days after sowing) 

:r. (15,30,45 and 75 days after sowing) 
~ (25 and 50 days after sowing) 
14 (15,30,50 and 75 days after sowing) 
Is (45 and 75 days after sowing) 
16 (25 days after sowing) 

SEm± 
CD (P=O.05 

Phosphorns levels (kg/ha) 
o 

11 
22 
33 

SEm± 
CD (P=O.05) 

Seeil yield (tonues/ha) 

1991-92 

2.57 
1.99 
2.09 
2.19 
lAO 

1.70 
0.09 
0.28 

1.68 
1.96 
2.15 
2.16 
0.01 
0.04 

1992-93 Pooled 

1.50 
1.48 
1.32 
1.15 
0.92 
1.08 
0.06 
0.18 

0.99 
1.22 
1.35 
1.40 
0.03 
0.08 

mean 

2.03 
1.74 
1.70 
1.67 
1.16 
1.39 
0.04 
0.13 

1.33 
1.59 
1.75 
1.78 
0.02 
0.05 

Height! Branches/ 
plant plant 
(em) 

50.80 
49.33 
49.98 
45.25 
39.90 
43A8 

1.04 
3.77 

45.38 
45.75 
46.83 
47.85 

0.44 
1.99 

11.30 
10.95 
11.78 
9.98 
7.73 
9.93 
0.33 
1.20 

8.25 
9.72 

11.23 
11.90 
0.30 
1.35 

Pods/ 
plant 

52.63 
43.70 
49A3 
35.95 
32.25 
34.60 

1.62 
5.90 

30.73 
37.73 
45.92 
51.42 
0.78 
3.52 

Seed 
yield! 

plant (g) 

16.38 
14.60 
13.50 
11.38 
9.33 
9.75 
0.65 
2.38 

9.22 
10.95 
14.05 
15.73 
0.38 
1.71 
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was detrimental to gram on medium black soils ofKonka.'1. 

IllteractiOIl and economics 
Integrared effect of relief of water-stress at 25, 50 and 

75 days alter sOWIng and application of P @ 22 or 33 kgtha 
proved significantly superior to the rest of the treatment 
combinations for yield, net return and benetIt : cost ratio of 
gram, suggesting that the availabilty of moisture and Pare 
synergistic for high production and proiltability of gram on 
metiium black sails of KonkaTl. (Table 2). 

The 2 year pooled results shows t..~at, providing lnoisturc­
stress·relief at 25, 50 a.'1d 75 days and application orp at 22 
kglha gives high yield and monetary returns in gram on 
medium black soils ofrrorth Konkan costal Zone. 
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ABSTRACT 

A study was taken up on cane trash management through use of compost culture, urea, single superphosphate in 
relation to so'il moisture conservation during ealy part of crop growth, recycling of nutrients and soil fertility improve­
ment in the later part of the sugarcane cultivation. Trash mulching at 3 tonneslha and use of composting microbial 
culture, urea land single superphosphate conserved soil Ulositure under sugarcane (Saccharam officinarum L.) cultiva­
tion. Cane traSh management helped in conserving soil,moisture in the initial stages of crop growth, which decomposed 
subsequently by the action of compost culture, urea and superphosphate leading to improvement in soil nitrogen and 
phosphorus. However, the potassium removal by the crop was higher than the added potassium, thereby leading to 
depletion of soil reserves. Trash mulching at 3 tonnesiha and urea application at 10 kglha gave highest cane and sugar 
yields. 

Key words'~ cane trash managment, soil moisture conservation, cane and sugar yields, soil fertility. 
i 

Sugarcane is crushed I for extraction of juice and sugar 
manufacture or j aggery making only after removing the cane 
trash and green tops. On ~m· average the cane trash available 
is 9-10 tonneslha Generally the trash is burnt in the field 
itself or used as fuel injat~ery mafing or for thatching huts. 
It is estimated that the; sugarcane trash contains 0.4% 
nitrogen, 0.13% phosphorus, 0.12% potassium, 4.65% 
moisture and 50% organiic matter. However, loss of entire 
nitrogen and part of pho!.'phorous, potassium, magnesium, 
calcium, sodium and micrbnutrients due to burning of cane 
trash was recorded by R~akrishna Rao and Ramalinga 
Swamy (1980). In the context of shortage of bulky organic 
manures and need for integrated nutrient managment in 
sugarcane; cane trash management is highly important for 
soil-moisture conservation, fertility improvement and thus 
increase cane production. It is well known that trash 
mulching in rainfed area.s/areas with limited irrigation 
facilities conserves soil moisture, especially during the 
formative phase which cOllincides with dry summer period 
in North Coastal Andhral Pradesh. Though recycling of 
nutrients present in the trash through incorporation into the 
soil during grand growth p.eriod (in the presence of sufficient 
moisture during rainy seaSon) is practised, the wide C : N 
ratio, high cellulose and lignin contents make the 
decomposition process v1ery slow. Shinde et al. (1992) 

I Soil Scientist, 2 Assistant Soil Chemist, 3 Assistant Statistician, 
4Associate Director of Research 

indicated that composting microbial culture containing a 
mixture of five cellulolytic fungi, viz Aspergillus jl.avlIs, 
Pencellillnl chrysojenllnl. Cochilobolus spicifer. RhizophllS 
oryzae and Trichoderma viridi, was very effective in 
decomposing the cane trash. 

MATERIALS AND METHODS 

Field experiments were conducted .at Regional 
Agricultural Research Station, Ankapalle during 1994-95 
to 1996-97 to study the cane trash management effects on 
soil moisture and nutrient changes and their effect on 
sugarcane yield and quality. The treatments comprised control 
(no cane trash application) (T

I
), cane trash @ 3 tonnesiha 

(T,), cane trash @ 3 tonnes/ha + compost culture @ 1 kg! 
to~e of trash immediately after spreading trash and wetting 
the same with water (T3)' cane trash @ 3 tonneslha + compost 
culture @ 1 kg/tonne of trash immediately after spreading 
trash + urea at 10 kglha sprinkled on the trash at the time of 
earthing up (T 4)' cane trash @ 3 tonnes/ha + urea at 10 kg . 
sprinkled on the trash at the time of earthing up (Ts)' cane 
trash @ 3 tonneslha + single superphosphate at 10 kglha 
sprinkled on the trash at the time of earthing up (T J, cane 
trash @ 3 tonnes/ha + ureas at 10 kg/ha + single 
superphsophate at 10 kglha sprin.lcled on the trash at the 
time of earthing up (T7), cane trash @ 3 tonnes/ha + compost 
culture @ 1 kg/tonne of trash along with dung slurry 
sprinkled on the trash at the time of earthing up (Tg). The 
experimental soils is a clay loam in texture, neutral in reaction 
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(PH 7.21), nornvd in conductivity (EC 0.05 m.mhos/~m), 
low in availab)e nitrogen (223 kg Nlha), high in available 
phosphorus (fo4 kg P P51ha) and potash (362 kg ~Olh~). . 

Sugar¢me variety 'Co 7219' was planted during 
February/and the treatments were replicated thrice using 
randoII)ised block design. Trash mulching was done orl the 
third day after planting and compost culture was appli~d in 
T3 immediately after spreading the trash. In rest of the 
trtillments compost culture was appli cd at the time of earthing 
14', with the early onset of monsoon. The compost cuHure 

'was supplied by Agricultural Bacteriologist, College of 
Agriculture, Pune. Sihce this is a microbial culture, llreai 
single superphosphate was applied to energise the microbes 
and as there was a risk oftheir survival at highertemper;3.ture 
during summer as well as chances of loss of nutrients from 
the applied single superphosphate, the compost culture and 
the energy agents were applied at the time of earthing up. 
Further the crop had to take the twin advantages of soil 
moisture conserved during summer due to trash muld1ing, 
and, nutrients derived through decomposition of trash. The 
crop was harvested at 12 months age. Yield data and quality 
characters were recorded at harvest. The initial and final 
soil available nitrogen, phosphorus and potassium statu, was 
determined by following standard procedures given by 
Jackson (1973). The soil moisture content to a depth Of 30 
cm was recorded at monthly intervals from the date of 
planting till onset of monsoon. The moisture content i11 soil 
was determined using the formula: 

LOss in weight 0 f soil on drying 
------------ X 100 

Oven dry weight of soil 

The balance sheet of nutrients was worked out as the 
difference between added nutrients (through fertiliser~ and 
trash) and uptake by the crop as well as the difference between 
intia! and final available NPK status of the soil. ~he baJance 
of added and uptake of nutrients as well as soil nutrientS was 
considered as the change in soil reserves. 

RESULTS AND DISCUSSION 

The effect of cane trash management on the uptake of 
nutrients and soil fertility is presented in Table 1. Uptake of 
nitrogen, phosphorus and potassium increased due to trash 
mulching @ 3 tonnesiha (20.30, 1.99 and 24.93 ~glha 
respectively). Addition of compost culture immediately after 
spreading trash resulted in higher uptake of major nutrients 
than compost culture application at the time of earthil1g up. 
Urea application at 10 kglha on the cane trash at the time of 
earthing up, in the absence of compost culture (T 5) re$ulted 
in additional uptake of nitrogen, phosphorus and potaSsium 
(9.37,0.52 and 17.45 kglharespective1y than trash mulching 
alone. Use of compost culture and urea on cane trasl1 (T4) 
resulted extra upta.~e of 6.31,4.32 and 3.71 kglha ofNPK 
respectively than trash mulching alone (T). Phosphorous 
application as single superphosphate either singly or in 

combination with urea appear to have no appreciable eifect 
on uptake of major nutrients. When the post harvest soil test 
value were compared with intial soil test values, depletion 
in avaj.lable nitrogen, phosphorous and potassium was 
record,ed in the absence of trash mulching. Cane trash 
management resulted in either maintainance or addition of 
nutriepts to the soil. When the balance--sheet of nutrients 
appli~d and removed in relation to soil test values are 
consiBered; lowest amounts of nitrogen (+ 11.56) and 
phosphorus (+ 69.17) were added to soil reserves and 
maximum amount of potassium (-16.96) was removed from 
soil reserves when trash mulching was. not done. In case of 
N and P, added nutrients are higher than the nutrients 
removed and hence the nutrients were added to soil reserve. 
However., in case of Qotassium., the UQtake is Igeater than 
addition of nutrient and hence depletion from soil reserve 
was recorded. Sundara and Subramalian (1989) reported 
that the removal of K was higher than the amount of K 
applied, whereas lesser N and P were removed than the 
amount applied in sugarcane based crop rotation. Swamy 
and Raju (1996) found that despite regular addition ofK to 
all crops in rotation, the applied K was lower than uptake 
and hence potassium was removed trom seil reserves. 

The soil moisture content was recorded at monthly 
intervals from date of planting till pnset of monsoon and the 
data (Table 2) indicate that soil moisture per cent was lower 
in non trash mulched plots (TJ Trash mulching at 3 tonnesl 
ha and different trash management practices resulted in 
higher moisture content in the soil indicating conservation 
of soil moisture. Though the mo:sture content in ditJerent 
cane trash management plots vary much, application of urea 
at 10 kglha on cane trash (T4) resulted in higher moisture 
content in the soil. Soil moisture CDnservation and reduction 
in weed growth due to trash mulching was reported by 
Anonymous (1989). 

The effect of cane trash management on the yield and 
quality of sugarcane is furnished in Table 3. 

The cane yield obtained due to cane trash management 
(86.16 tonnesiha) was significantly superior to no cane trash 
treatment (77.40 tonnes/ha). Among the cane trash 
treatments : cane trash @ 3 tomeslha + urea @ 10 kglha 
gave highest cane yield (T 5) which was on par with cane 
trash @ 3 tonnesiha + compost culture @ 1 kg/tonnes of 
trash + urea @ 10 kglha (T 4) and cane trash @ 3 tonnesiha 
+ urea @ 10 kglha + single superphosphate @ 10 kglha 
Cane trash @ 3 tonnesiha + compost culture @ 1 kg/tonne 
of trash + urea@ 10 kglha either nnmediately after spreading 
(T3) or at the time of earthing Ull (Ts) though on par with 
each other, found to be superior to trash mulching@ 3 tonnes! 
ha alone (T). 

The sugar yield increased due to trash mulching alone 
(1.03 tonnesiha), trash mulching + compost culture (1.65 
tonnes/ha), trash mulching + compost culture + urea (2.48 
tonneslha), trash + urea (2.98 tonneslha), trash + single 
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Table 1 Balance sheet of available N, P and K after sugarcane crop 

Treat­
ment 

Nitrogen 

TI 
T~ 
T3 
T. 
Ts 
T6 
T, 
T8 

CD (P=O.05) 
Phosphorus 

TI 
T2 
T3 
T. 
Ts 
T6 
T, 
T8 
CD (P=O.05) 
PotlL'lsium 

TI 
T2 
T3 
T4 
Ts 
T6 
T, 
Ts 
CD* 

Uptake of 
nutrient 
(kglha) 

71.44 
91.74 
90.09 
98.05 

lOLl! 
90.19 
79.55 
73.30 
2.48 

28.83 
30.82 
33.19 
35.14 
33.71 
29.51 
31.09 
28.49 
0.96 

113.96 
138.89 
134.11 
142.60 
156.34 
126.66 
145.80 
107.65 

1.15 

Applied 
nutrient 
(kglha) 

112.0 
124.0 
124.0 
134.0 
134.0 
124.0 
134.0 
124.0 

100.0 
103.9 
103.9 
103.9 
103.9 
113.9 
113.9 
103.9 

Balance 

120.0 
123.6 
123.6 
123.6 
123.6 
123.6 
123.6 
123.6 

+40.56 
+32.26 
+33.91 
+35.95 
+32.89 
+33.81 
+54.45 
+50.70 

+71.17 
+73.08 
+70.71 
+68.76 
+70.19 
+84.39 
+82.81 
+75.41 

+ Added to soil reserve, removed from soil reserve 

Table 2 Effect of cane trash management on the soil moisture 
content 

Treatment One month 
after planting 

Tt 

T2 
T3 
T. 
Ts 
T6 
T, 
T8 
CD@P=O.05 

23.37 
24.84 
25.22 
25.45 
25.97 
24.53 
24.89 
25.10 

0.74 

Two months after 
planting 

23.22 
23.92 
23.85 
24.67 
24.87 
25.72 
24.85 
24.36 

1.20 

Three months 
after planting 

23.43 
24.90 
24.73 
24.48 
26.88 
23.45 
22.85 
26.42 

superphosphate (1.55 tonnes/ha), trash + urea + single 
superphoshate (2.12 tonneslha) over that of no trash mulching 
(TJ Similarly, the improvement in juice sucrose per cent 
due to trash mulching alone was (0.81%), trash + compost 
culture (1.07%), trash + urea + compost culture (1.55%), 
trash + urea (1.90%), trash + single superphosphate (0.97%), 
trash + urea + single superphosphate (1.20%) over that of 

Soil test 
before 
expt. 

223 
223 
223 
223 
223 
223 
223 
223 

64 
64 
64 
64 
64 
64 
64 
64 

+6.04 
-15.29 
-10.51 
-19.00 
-32.74 

-3.06 
-22.20 
-15.95 

Post 
harvest 
STY 

362 
362 
362 
362 
362 
362 
362 
362 

194 
228 
230 
236 
238 
220 
230 
225 

62 
64 
66 
66 
65 
68 
69 
64 

16.70 

339 
370 
373 
378 
380 
362 
375 
370 

Balance 

-29.0" 
+5.0 
+7.0 
+3.0 
+5.0 
+3.0 
+3.0 
+2.0 

-2.0 

+2.0 
+2.0 
+1.0 
+4.0 
+5.0 

-23.0 
+8.0 
+1.0 

+16.0 
+18.0 

+13.0 
+8.0 

Change 
in soil 
reserve 

+11.56 
+37.26 
+40.91 
+38.95 
+37.89 
+36.81 
+57.45 
+52.70 

+69.17 
+73.08 
+72.71 
+70.76 
+71.19, 
+88.39 
+87.81 
+75.41 

-16.96 
-7.29 
-9.51 
-3.00 

-14.74 
-3.06 
-9.20 
-7.95 

Table 3 Effect of cane trash management on the yield and quality 
ofsugarcane 

Treatment 

TI 
T2 
T3 
T. 
Ts 
T6 
T, 
Ts 
CD (P=O.05) 

Cane yield 
(tonnesJha) 

77.40 
81.59 
85.18 
89.09 
90.91 
84.48 
88.54 
83.33 

3.22 

Sugar yield 
(tonnesJha) 

9.25 
10.28 
10.90 
11.73 
12.23 
10.80 
1l.37 
10.61 
0.74 

Sucrose 
(%) 

16.56 
17.37 
17.63 
18.11 
18.46 
17.53 
17.76 
17.61 

0.88 

no trash mUlching. However, application of compost culture 
either immediately after spreading trash (T3) or at the time 
of earthing up (T 8) were on par with each other with respect 
to cane and sugar yields as well as sucrose per cent. Jadhav 
et al. (1985) concluded that direct incorporation of chopped 
trash @ 10 tonneslha + urea @ 8 kg/tonne cftrash + cellulose 
decomposing organism @ 1 kg/tonnes of trash gave 
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signiticantly higher yield. The millable canes, girth and cane 
height increased due to incorporation of either chopped or 
unchopped trash supplemented with 8 kg urea, 10 kg single 
superphosphate and 1 kg fungal culture with no adverse effect 
on juice quality (Shinde et. aI, 1993). The trash mulching 
has conserved the soil moisture in the initial stages of crop 
growth, which was decomposed during grand growth period 
due to the action of micro-organisms (either native or applied) 
energised by urea and single superphosphate; leading to 
higher release of nutrients and absorption by cane plants, 
tinally resulting in higher cane and sugar yields as well as 
juiCe quality. Thus these results indicate that trash mulching 
@ 3 tonneslha and urea sprinkled on the trash @ 10 kglha 
at the time of earthing up not only conserve soil moisture 
but also improve soil fertility, cane yield and juice qUality. 
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ABSTRACT 

!\1ajor soils of Jalgaon District oflv"..aharashtra. were evaluated for their suitability for cotton (Gossypium hirsut1l11l 
L.) cultivation and their irrigation requirement. Uruarti soil series was found pennanentlyunsuitable (N}s) while Lasur 
and Pimpri series were rated as presently unsuitable (NItS). Bodvad and Bhod series were marginally suitable (S3S) for 
cotton, while Hingona, Bhava and Dhupa series W~re evaluated as moderately suitable (S2ts and S}). Slope, soil depth 
and coarse fragments were the major determining parameters for suitability class. Net irrigation water requirement of 
different soils was varied between 142-255 mm based on soil depth, plant available water capacity and length of 
growing period. 

Key words: land evaluation, soil suitability, net irrigation water requirement, length of growing period. 

Cotton (Gossypium hirsutlim L.) a major cash cr{)p of 
central and southern region of India is mainly cultivated on 
swell-shrink soils (Vertisol and its associated soils) under 
Tainted conditions. The neglect of surface drainage, ineffi­
cient soils, water and crop managm~t and low input ofnu­
trients in the region resulted in low yield and their stagna-

tion at lower level (Kanwar 1995). Higher level of pro duc­
tivity of cotton can be achieved primarily by proper consid­
eration of soil-site properties (Sehgal 1991) and expanding 
area under irrigation in central and southern-region of India 
(Anonymous 1994). Therefore, a need is feltto evaluate soil­
suitability and irrigation-water requirement for better utili­
zation of soil and water resources for cotton cultivation. Thus, 
a case study of Jalgaon district representing variety of soils 
and landforms has been undertaken to evaluate these soils 
for cotton cultivation. 

I 

I Senior Scientist (Soil Science); 2Scientist (Agron()my); 
3 Senior Scientist (Geography), NBSS & LUP, Nagpur 440 010 

Table I Site characteristics of soils 

Soil Physiography Elevation Slope Erosion 
Series (mMSL) (%) 

Umarti Hill ridge 318 8-15 Very severe 
Bodvad Tableland 390 1-3 Moderate 

i..asur Upper pediment 250 3-5 Moderately 
severe 

Bhod Lower podiment 230 0-1 Slight 

Hingona pedimont plain 197 1-3 Moderate 

Dhupa Piedmont plain 167 1-3 Moderate 

Bhava River terraces 158 1-3 Moderate 

Pimpri Dissected flood 152 3-15 Severe 
plain 

·PA we, plant available water capacity; **LGP, length of growing period 

Surface PAWe· LGP·· 
drainage (mm) (days) 

Well drained 38 107 
Moderately 45 108 
well drained 
Moderately 40 107 
well drained 
Moderately 92 117 
welldrained 
Moderately 216 172 
welldrained 
Moderately ISO 141 
welldrained 
Moderately 192 161 
welldrained 
Well drained 215 172 
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MATERIALS AND METHODS 

The study area Jalgaon District is located in between 
20°15' to 20°30' N latitutde and 74°55' to 76°25' E longi­
tude with total area of 1.16 million ha. The mean annual 
temperature of the area is 27.2°C (mean maximum summer 
temperature 37.6°C and mean minimum winter temperature 
I3.0°C) with average rainfall of 840 mm, thus qualifY for 
semi-arid sub-tropical climate. 

Exploratory soil survey in Jalgaon district was carried 
out to classify different soils (NBSS & LUP 1984). Evalua­
tion of identitied soil series for their suitability to cotton 
cultivatation was done during 1993-94. The important soil­
site characteristics and physico-chemical properties of the 
major identified soil series are presented in Table 1 and Ta­
ble 2 respectively. 

Suitability of the soil for cotton cultivation (Table 3) 
was assessed by comparing different land aualities with crop 
requirement (Cys 1985, Sehgal 1991, NBSS & LUP 1994). 
The soil-site characteristics were expressed in terms of de­
gree oflimitations (0, 1,2,3,4) as per the definitions of the 
criteria ofFAO, Rome (1978). Soils found suitable for cot­
ton cultivation were analysed for water requirement for a 
crop of 180 days duration based on the procedure laid by 
F AO, Rome (1977) and Anonymous (1971). 

RESULTS AND DISCUSSION 

Soil suitability 
Temperature (mean, maximum and minimum), and rela­

tive humidity are optimum for cotton cultivation, however 
only 740 mm of rainfall during cotton growing season along 

Table 2 Physico-chemical characteristics of the soils 

. Horizon depth 
(cm) 

Sand 
(%) 

Silt 
(%) 

Clay Texture Structure 
(%) 

pH 

Umarti Series-Fine-loamy, mixed, hyperthermic family of Lithic Ustorthents 
Al 0-9 39.2 27.3 33.5 gCI mlsbk 6.9 
Ac 9-25 37.4 26.0 36.6 gCl m2sbk 7.0 
R 25+ Basalt rock 

Be 
(dS/m) 

0.20 
0.20 

Bodvad Series- Very fine, montmorillonitic, hyperthermic family of Vertic Ustochrepts 
Ap 0-14 10.7 22.5 66.6 C m2sbk 7.1 0.25 
Bw2 14-30 12.4 22.2 65.4 C c2sbk 7.2 0.20 
Cr 30+Weathered basalt 
Lasur Series-Fine, mixed, hyperthermic, fan,lily of Typic Ustochrepts 
Ap 0-10 30.7 25.5 43.8 C m2sbk 7.5 0.20 
Bw2 10-26 39.6 19.5 40.9 gC m2sbk 7.4 0.30 
C 26-55+ 40.1 17.2 42.7 gC massive 7.3 0.25 
Bhod Series- Fine, montmorillonitic, hyperthermic family of Vertic Ustochrepts 
Ap 0-15 13.9 32.4 53.7 C flgr 7.8 0.30 
Bw2 15-50 19.7 30.5 49.8 C c2sbk 7.9 0.25 
C 50-75 22.6 29.1 48.3 gC mlsbk 8.1 0.20 
Hingona Series- Fine, montorillonitic, hyperthermic family of Typic Haplusterts 
Ap 0-15 22.6 26.8 50.6 C flgr 8.1 0.20 
A12 15-40 25.8 18.6 55.6 C m3sbk 8.2 0.30 
Ad 40-85 22.3 18.1 58.0 C c3abk 8.5 0.35 
Ac2 85-125 23.8 18.1 58.1 C c3abk 8.5 0.30 
AC3 125-190 27.5 25.4 47.1 gC msbk 8.7 0.14 
Dhupa Series-Fine, montomorillonitic, hyperthermic family of Chromic Haplusterts 
AP 0-16 27.0 24.6 48.4 C m2sbk 7.4 0.20 
Act 16-S3 23.0 23.2 53.8 C m2sbk 7.6 0.20 
AC2 53-75 39.9 23.1 37.0 C m2sbk 7.1 0.20 
Cr 75-15"0+ 54.9 18.1 27.0 8.9 0.20 
Bhava Series- Fine, mixed, hyperthermic family of Typic Ustochrepts 

. Ap 0-15 43.0 23.7 33.3 Cl mlshk 7.8 0.20 
Bwl 15-50 29.3 34.7 36.0 C m2sbk 7.6 0.20 
Bw21 50-95 31.0 32.1 36.9 C m2sbk 7.7 0.20 
Bw22 95-145+ 27.9 35.5 36.6 C m2abk 7.7 0.20 
Pimpr; Series- Fine loamy, mixd, hyperthermic family ofFluventic Ustochrepts 
Ap 0-15 27.2 38.5 34.3 Cl mlsbk 8.6 0.20 
Bwl 15-30 35.7 32.4 31.9 gCl mlshk 8.9 0.25 
Bw2 30-67 44.4 25.0 30.6 CI m2sbk 8.9 0.35 
Bw22 67-115 49.9 23.8 26.3 sCI m2sbk 8.9 1.70 

OC CaC03 CEC Coarse Bulk 
(%) (%) CIllol fragments density 

(+p/kg) (%) (mglm3) 

0.83 30.6 4 1.60 
0.50 31.2 31 1.60 

0.57 2.9 52.2 3 1.90 
0.54 2.8 55.4 3 1.90 

0.55 38.2 12 1.82 
0.29 37.6 53 1.87 
0.26 37.8 65 1.90 

0.65 12.1 47.8 12 1.82 
0.50 12.1 41.4 3 1.87 
0.39 18.7 40.4 43 1.88 

0.44 9.0 47.2 10 1.80 
0.43 9.7 50.2 8 1.82 
0.40 9.1 52.6 10 1.86 
0.35 9.5 50.2 12 1.86 
0.28 14.0 43.8 26 1.92 

0.41 0.7 46.0 7 1.80 
0.32 0.6 48.0 2 1.80 
0.25 7.1 36.2 12 1.80 
0.31 6.4 33.0 

0.49 3.9 30.2 11 1.70 
0.36 6.1 33.0 11 1.70 
0.35 6.1 33.2 2 1.70 
0.31 6.4 33.0 1.70 

0.16 7.7 31.1 2 1.71 
0.15 18.8 28.0 4 1.69 

10.13 13.3 25.2 2 1.70 
11.11 13.6 23.2 1 1.70 
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Table 3 Soil-site suitability for cotton cultivation 

Parameters 

Climate (c) 
Total Rainfall (mm) 
Rainfall during 
growing season (mm) 
Mean temp (0C) 
Mean max. temp (cC) 
Mean min. temp eC) 
Mean RH (%) 
Soil characteristic 
Topography (t) 

Umarti 

1 
2 

o 
o 
o 
1 

Slope 4 
Wetness (1\V 

Flooding 0 
~ainage 0 

Physical characteristics (s)' 
Texture 
Structure 
Coarse fragments 
• 'with in 50 em 2 
• below 50 cm 3 
Depth (cm) 3 
CaCo

3
(%) 0 

Gypsum(%) 0 
Fertility characteristics (f) 
CEC (cmol (+P)/kg) 0 
BSP 0 
Org. carbon(%) 
Salinitylsodicity (n) 
EC (dS/m) 0 
ESP 0 
pH 0 
Soil suitability N2t>, 
classification 

Bodvad 

1 
2 

o 
o 
o 
1 

o 

o 

o 
2 
3 
o 
o 

o 
o 

Lasur 

I 
2 

o 
o 
o 
1 

3 

o 

o 

3 
2 
2 
o 
o 

o 
o 

with low plant available water capacity, thus marginallimi­
tations oflength of growing,period makes Umarti, Bodvad, 
Lasur and Bhod soils climatically marginally suitable for 
cotton. Similarly, due to moderate plant available water ca­
pacity (100.2 to 143.9 mm) with moderate length of grow­
ingperiod (141 to 172 days) makes Hingona, Dhupa, Bhava 
and Pimpri soils moderately suitable. Suitability of these soils, 
however, can be improved by providing supplementary pro­
tective irrigation during the critical stages of the crop after 
withdrawal of monsoon. 

Pimpri soils developed on dissected flood plain, with 
deep wide and numerous gullies due to severe erosion are 
presently unsuitable (Nit) for cotton cultivation. These soils 
can be improved to moderately suitable (S2s) by levelling of 
land and stabilizing gullies by adopting suitable soil and 
water conservation measures. 

Umarti soils tormed on moderately sloping (8-15%) hilly 
ridge are subjected to severe erosion. These shallow soils 
with high amount of coarse fragments have been evaluated 

Soils 

Bhod 

1 
2 

o 
o 
o 
I 

o 

o 

o 

1 
2 
2 
2 
o 

o 
o 

Hingona 

1 
2 

o 
o 
o 
I 

o 

o 

1 
o 
o 
1 
o 

o 
o 

o 
o 
o 
S2u 

Dhupa 

1 
2 

o 
o 
o 
I 

o 

o 

o 
o 
o 
o 
o 

o 
o 

o 
o 
o 
S2t 

1 
2 

o 
o 
o 
I 

o 
o 

o 

Bhava 

1 
o 
o 
1 
o 

o 
o 

o 
o 
o 
S2ts 

Pimpri 

1 
2 

o 
o 
o 
1 

3 

o 
o 

o 

o 
'0 
o 
2 
o 

o 
o 

as permanently unsuitable (Nit) for cotton cultivation. 
Lasur soils developed on gently sloping (3-5%) upper 

pediment are subjected to moderately severe erosion. These' 
medium deep soils with high content of coarse fragments 
are presently unsuitable (Nit)' However after terracing and 
removal of coarse fragments/stones from the surface soils, 
which restricts tillage operations, these soils can be upgraded 
to moderately suitable (S2a)' 

Bodvad soils developed on very gently sloping table­
land and Bhod soils on lower pediment are moderately well 
drained and subjected to moderate erosion. These margin­
ally deep soils are moderately suited for root growth of cot­
ton. In addition to this Bhod soils have 7% coarse fragments 
in sUrface soil while it increase to 43% in sub-surface along 
with moderately high amount ofCaC0

3 
and thus these soils 

are marginally suitable (S3.) for cotton cultivation. 
Hingona and Dhupa soils occurring on very gently slop­

ing piedmont plain and Bhava soils on river terrace are deep, 
well drained to moderately well drained and slightly eroded 
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with good plant available water capacity and fertility status 
except moderate content of organic matter. Therefore, these 
soils are moderately suitable (S2) for cotton cultivation. 

Net irrigation water requirement 
Due to occurrence of these soils in the same 

climatological region and of some crop duration, the total 
crop water requirement is almost same. The minor differ­
ence is due to the soil depth. Shallow soils restricts penetra­
tion of roots to deeper layers and thus plant growth is ad­
verselyaffected. Out of suitable soils, the maximum net irri­
gation water requirement of255 mm was estimated for Lasur 
soils, while minimum net watet: requirement of 142 mm was 
for Bhava soils. The irrigation requirements for other soils 
are 236 mm, 216 mm, 183 mm, 241 mm and 183 mm for 
Bodvad, Bhod, Hingona, Dhupa and Pimpri soils respec­
tively. The major reasons for this is the soil depth, PAWC 

. and length of growing period of the soils. In general, with 
an increase in soil depth, plant available water c.apacity and 
length of growing period, the net irrigation water require­
ment is reduced. The date of first irrigation is estimated to 
be 19 September for Lasur soils, 26 September for Bodvad 
soils, 8 November for Hingona and Pimpiri soils. The number 
of irrigation varies from only one in Hingona, Bhava and 
Pimpri soils to 8 in Lasur soils with an irrigation intervals 
of 12 to 52 days depending upon the type of soils. The rela­
tionship between the net irrigation requirement and major 
soils-site factors can be presented as-

N 1.12 x d-1.86xPAWC + 1.25 xLGP+ 160.05 
R2 0.81 

where N, Net irrigation water requirement (mm); d, effective soil 
depth (cm); PAWC, plant available water capactiy of soil 
(mm); LGR, length of growing period (days). 

Crop management 
Soils studied have high amount of exchangeable cati­

ons (CEC > 30 cmol (+p)/kg) along with high base satura­
tion percentage (BSP>90) which shows high inherent ca­
pacity of soils for crop production. However, exchange com­
plex is dominated by Ca and Mg, which shows excess of 
these cations but the ratio'between Ca and Mg is less than 
3: 1 which results in less availability of Ca to plant and 
inhibiton of P in all soils (Landon 1984 and Murthy et al. 
1996). Therefore, phosphate fertilizers application in splits 
at.50 em below soil surface (Basu 1992) and as foliar spray 
(Venugopalan et al. 1995) may increase the P-fertilizer use 
efficiency. Similarly, the exchange complex is low in ex­
changeable potassium (Gajbhiye et al. 1992). Therefore, there 
is likelihood of positive response orpotassic fertilisers (Zende 
1978 and Gajbhiye et al. 1994). These soils are formed from 

the basaltic parent material or basaltic alluvium and thus 
develop cracks when deficient in moisture, which further 
accelerate water loss from the soil. This water loss can be 
minimised by adopting broad base furrows to increase the 
cotton yield (Sagare and Bhongle 1993). The findings show 
that as the suitability of soil-site for cotton cultivation de­
creases the net irrigation requirement and number of 
irrigations increases to produce optimum/maximum produc­
tion. It makes cotton cultivation uneconomic on marginally 
suitable soils. Therefore soils like Umarti, .Lasur and Bodvad 
should be put under cultivation of some other less water re­
quiring land use like pasture, agro-ibrestry, sorghum, soybean 
and groundnut cultivation, etc. 
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ABS1RACT 

Population dynamics and growth (dry-matter yield) of Galinsoga ciliata (Rafin.) Blake a serious weed in hill 
agroecosystem ofMeghalaya was studied for two years in radish (Raphanus sativus L.) and m~e (Zea mays L.) fields 
under slash and burn agriculture (jhum) and telTace cultivation situated at high and low alt.itudes of~gha~aya, n?rth­
east India. Two to three seedling cohorts were recruited in the crop fields at the low altItude, while at lligh altItude 
seedlings were recruited 'invariably in three successive cohorts. Seedling emerg~nc~ in the firs~ co~ort wa~ si~fi~tly 
higher than in the second and/or third cohort. Associated crop, method of cultIviJ_tIOn and altitudinal vanatIOn SIgmfi­
cantly influenced seedling recruitment and survivorship and halflives of cohorts of G. ciliata. 

Key words: Galinsoga ciliata, population dynamics, cultivation, crop type, altitude 

Galinsoga ciliata (Rafin.) Blake is a serious weed, and 
it is found abundantly in the crop fields ofMeghalaya state. 
As its seeds lack dormancy (Ivany and Sweet 1973), seedling 
recruitment takes place whenever temperature and moisture 
conditions become favourable (Us ami 1976). Consequently, 
within a given crop cycle several cohorts Of seedling emerge 
at different time intervals in the Me~alayaregion (~ai and 
Tripathi 1984). Although G. ciliata has been the subject of 
many recent studies (Rai and Tripathi 1982, Rai and Tripathi 
1983 and Rai and Tripathi 1985), the etTects of associated 
crops, cultivation method and altitudL'1al variation on growth 
and population behaviour of this weed are unknown. 
Therefore, a study was undertaken on the population 
dynamics and growth of G. ciliata in two different crops 
cultivated at high and low altitudes in Meghalaya. 

MATERIALS AND METHODS 

The study was carried out in crop fields under slash and 
burn (jhllm) and terrace cultivation at high altitude at Upper 
Shillong (1825 m above mean sea-level 25°34 N, 91 °56 E) 
and at low altitude in experimental fields of the Farming 
System Research Project, Barapani (952 m above mean sea­
level 25°28 N, 91°53 E). The Fa,nning System Research 
Project in micro-watersheds was initiated in 1984, when 
bench terraces were introduced along the slope of the 
watersheds. Study at higher altitude was conducted in 20 
years old terrace fields of the Central Potato Research Station 
(CPRS) farm and injhllm fields owned by a local farmer (4 

1. 2 Research Associate, 3 Professor, Department of Botany 

km away from CPRS). Thejhwn fields were left fallow for a 
period of four years before the start of,recropping in 1987. 

The soil of the study site at Upper Shillong was sandy 
loam and acidic in nature (PH 5.1-6.6), and at Barapani it 
was clay loam and acidic (pH 5.5). Average annual rainfall 
is 2500 mm, of which about 65-90 per cent OC;t;urs during 
summer months (May-September). The maximum and 
minimum temperatures during summer ranged between 24°C 
and 9°C at Upper Shillong and 28° and 14°C at Barapani. 
Winter (November-February) is charactt<rised by low 
temperature (maximum 11°C and minimum 2°C at Upper 
Shillong and 16°C at Barapani), with occasional light 
showers and frost. 

Three replicates of radish and maize tields, each 01'.2500 
m2 size, were randomly selected at Upper Shillong and 
Barapani during August 1988 for the study. Radish was 
planted on 14 September 1988 and 14 August 1989 at Upper 
Shillong; and 7 November 1988 and 1989 at Barapani. Maize 
was planted on 14 April 1989 and 1990 at Upper Shillong; 
and 28 February, 1989 and 14 February 1990 at Barapani. 

In each field, seven permanent quadrats of 50 x 50 cm 
were randomly laid immediately afier crop sowing. The size 
and number of quadJ:ats were determined according to Misra 
(1968). G. ciliata seedlings, which emerged in different clear­
cut batches at different times were marked with waterproof 
paints in their cotyledons as well as on the tIrst eophyll as 
done by Yadav and Tripathi (1981) in an earlier study. The 
tIrst batch of G.ciliata seedlings emerged within 8-10 days 
of crop sowing along with the crop seedlin~, while the second 
and third batch emerged after 15 and 45 days later than the 
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first batch in all tields, except in radish at Barapani, where 
only two batches of weed seedlings were identified and the . 
second batch emerged 45 days later than the tirst. Seedlings 
of different batches were marked with waterproof pains of 
ditIerent colours. Batches were designated as cohort I, II and 
·m. Survival of marked seedlings in each cohort was 
monitored fortnightly until crops were harvested. Half-life 
(time from emergence to 50% survival) (Rai and Tripathi 
1984) and mortality pattern of cohorts were studied using 
time series density data. 

For growth studies, ten additional quadrats of 1 m! size 
were randomly laid in each field afler crop sowing. Each 
quadrat was. divided into four ,50 X 50 em small quadrats. 
Weed biomass was detennined fornightly by collecting plants 
of different cohorts from four randomly selected small 
quadrats up to crop maturity. In each small quadrat shoots 
were clipped and roots were extracted from soil down to 25 

. cm depth and separated from soil by washing. Dry weight 
was determined by oven-drying the shoots and roots at 80°C 
to a constant weight. Data on percentage emergence of G. 
ciliata and half-life of ccihorts were analysed using three­
way ANOY A (fixed effccts model) (Zar 1974). SurvivorShip 
curve slopes for different cohorts were compared by using 
procedure of covaria'lce analysis followed by Tukey's test 
for mUltiple comparison among slopes (Zar 1974). Data on 
dry matter production as int1uenced by cultivation and type 
of crop were analysed through two-way ANOY A (Zar 1974). 

RESULTS AAl) DISCUSSION 

Seedling emergence 
At Upper Shillong, 45-66 per cent of the G.ciliata 

seedlings emerged in the tirst cohort, 22-39 per cent in the 
second cohort and 7-27 per cent in the third cohort (Table 
1). The differences between cohorts were signif1cant (P<O.Ol) 
during both years; however, variation between crops, and 
betweenjhum and terrace fields were not signiticfu"'lt. Seedling 
emergence (%) in the fLrst cohort was significantly higher at 
lower altitude than at higher altitude. There were three 
cohorts of seedlings in maize tields at both the altitues, but 
in radish fields only two seedling cohorts could be recognised 
at lower altitude (Table 1). Seedling emergence in the first 
cohort was always signiticantly higher tha.'1 the second cohort. 
At higher altitude, recruitment of G. ciliata seedlings in 
radish under terrace cultivation (394 plants/m2) was 
signiticantly (ANOYA P<O.Ol) higher thanjhum (210 plants/ 
m!) as well as in the radish fields located at lower altitude 
(61 plallts/m2) (P<O.Ol). This trend was reversed in the maize 
fields. Seedling emergence is greatly influenced by many 
factors such as burial depth (Benj amin 1990), light (Vander 
Toom and Pons 1988, Baskin and Baskin 1990), soil moisture 
(Eddleman arid Ramo 1988 , Fernandez-Quintanilla et al 
1990), soil temperature (Eddleman and Romo 1988, Egley 
1990) and their direct and/or indirect interactions 
(Schwaegerle and Levin 1990). 

A market decrease in size of successive cohorts in G. 

Table 1 Seedling emergence (%) of G. oi liata in different cohorts 
at higher and lower altitude. 

Crop High altitude Low altitude 
Terrace 

Cohort Jhurn Terrace 1988-90 
1988-90 1989-90 

Radish I 53.0 61.5 81.5 
IT 37.0 25.0 21.5 
ill 10.0 13.5 0 

Maize I 48.5 58.5 69.0 
IT 25.0 35.0 12.0 
ill 26.5 9.5 19.0 

ciliata conforms with the results ofRai and Tripathi (1984) 
on two species of Galinsoga, Bal1are et al. (1987) on Datura 
ferox and Pandey and Dubey (1989) on Partheniurn 
hysterophonlS who attributed decline in the population 
density of successive cohorts to the depletion of non -dormant 
fraction of seeds in soil. 

Survival and half-life of seedling cohorts 
A comparison of slopes of survivorship curves for 

different cohorts revealed significant differences between 
crops an cultivation practices (Table 2). At higher altitude, 
all the cohorts in radish fields both under jhum as well as 
terrace cultivation showed higher mortality during first 
fortnight after emergence than in the later periods, but the 
third cohort showed more or less uniform mortality 
throughout its life. High mortality of seedlings within 30 
days oftheir emergence confirms the findings ofHawthom 
and Cavers (1976) and Yadav and Tripathi (1981), who 
assigned this common phenomenon in most colonizing 
species to keen competition for resources during the active 
growth phase. At lower altitude, however, mortality in the 
first and second cohortswas greater during the last fortnight 
of the cohort-life. In maize all the three cohorts underjhllm 
at higher altitude showed greater mortality towards the end 
of their life. At lower altitude als9 the mortality pattern 
towards the end of cohort-life was the same. All cohorts under 
terrace cultivation at higher altitutde exhibited more or less 
constant mortality throughout their lives (Fig 1). Larger 
population density of G. ciliata at higher altitude than at 
lower altitude could be ascribed to the sandy loam nature of 
soil at the former site, since an increased proportion of sand 
in soil has been reported to enhance the seed germination of 
this species (Rai and Tripathi 1982). Higher plant density of 
jhum fields than in terraces was due to greater seed input to 
the soil seed bank because of inappropriate weeding 
operations, wherein seed bearing weed plants are uprooted 
and often buried in the field (Misra et al. 1992). 

The half-life ofG. ciliata significantly (ANOY A P<O.Ol) 
declined in successive cohorts in both radish and maize lields. 
In radish fields the cohorts had significantly longer (ANOY A 
P<O.Ol) half-life in terraces (3.{}-10.0 weeks) than injhum 
fields (2.5-9.5 weeks) at higher altitude. In maize fields, 
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Table 2 Covariance of slopes of the survivorship curves G. ciliata under jhum and terrace cultivation at higher and lower altitude 

Crop High altitude Low altitude Terrace 

Thurn Terrace 1988-90 1989-90 

1988-89 1989-90 q 1988-89 1989-90 

Radish F 2.56 4.95 4.91 1.44 7.14 17.02 
DF 8 8 8 8 5 5 
P 0.25 0.05 0.05 NS 0.05 0.01 
Cohorts compared I'IIabIIlb I'II'IIJb I'IIaIIJb I II III III III 
Maize F 0.39 1.73 0.60 3.89 16.81 1.06 
DF 14 14 3 4 14 14 
P NS NS NS NS 0.01 NS 
Cohorts compared I 11111 I II III I II III I II III Ib IIa III' I II III 

The cohorts with same letters did not differ significantly, while those marked with different letters differed significantly (P<0.05) among 
themselves. ' 
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Fig I Survivorship curves of different seedling cohorts I, (-0-); II (-A-) and III (-Cl-) of G. ciliata in radish and maize fields underjJTII 
(-) and terrace (--) cultivation at higher altitude and terrace (-) cultivation at lower altitude. Vertical lines indicate ± SE 
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Table 3 Half-life (weeks) of seedling cohLirts orG. ciliata underjhllm and terrace cultivation at higher and lower altitude 

CIUP Cohort High altitude Low altitude Ten·ace 

Jhum 

1988-89 1989-90 

Radish I 9.5 9.5 
n 7.5 5.5 
ill 2.5 2.5 

Maize I 8.0 7.0 
n 4.0 3.0 
ill 1.5 2.0 

however, halfliYes ofthe first and second cohorts were large 
injhunJ than in terraces. Half-lives of ditferent cohorts in 
maize fields at lower altitude were significantly longer 
(ANOV A P<O.O I) than those at higher altitude (Table 3). 
Weed biomass 

The tirst cohort contributed maximum (74% biomass), 
whereas the second and third cohorts contributed 24 and 1 % 
respectively to the total weed biomass. The total weed biomass 

Terrace 1988-89 1989-90 

1988-89 1989-90 

10.5 9.5 8.0 9.0 
5.0 8.5 4.5 2.5 
4.0 3.0 
5.0 3.5 11.0 9.5 
2.0 2.0 5.0 7.0 
2.0 2.0 5.0 4.5 

followed more or less a sigmoid growth curve in all fields 
attaining peak values between 70-85 days after crop sowing. 

The study reveals that at higher altitude G. ciliata was 
more successful as indicated by its higher popUlation denSity, 
longer half life of its tirst and second cohorts and greater 
biomass production in the crop fields under terrace cultivation 
than in jhum fIelds. Seedling recruitment and survivorship 
and halflife of cohorts were significantly innuenced by the 
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mode of cultivation, crop type and altitude. The growth of 
the weed too was atTected by altitude and crop type as 
indicated by its poor performance in radish field at lower 
altitude than at higher altitude where the etIect of crop type 
was not prominent. 
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soil samples 
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ABSTRACT 

Soil-enzyme activities with respect to rhodanese, phosphatase, and cellulase of samples obtained from land under 
tea [Camellia sinellsis (L.) O. Kuntze] cultivation and neighbouring forest land form 3 major tea growing areas of India 
were evaluated in 1992. The study showed a decreasing trend in cellulase activity in the plantation samples of Assam 
and Nilgiris compared with the tlwest samples of that region. Rhodanese activity in the Dooars region was higher in 
plantation samples but lower in Assam and Nilgiri samples. For phosphatase, the samples from forest of Assam showed 
a higher activity than the corresponding plantation samples of the region. In all others the phosphatase activity was 
higher in the plantation samples. Organic carbon values did not appear to have any relationship with cellulase activity 
detected in the samples. Grouping the samples on basis of yield oftea did not bring about any relationship between yield 
of tea and enzyme activity pertaining to the enzymes evaluated . 

• 
Key words: soil enzyme activity, tea plantations, rhodanese, phosphatase and cellulase 

Soil fertility is directly proportional to the type of 
microbial activity present in the soil. Conventional most 
probable number counts i~ a sing!e plating medium as is 
done for bacterial contamination of food products does not 
piOvide information necessary for determining microbial 
diversity. Therefore, to assess microbial populations in soil 
under tea [Camellia sinensis (L.) O. Kuntze] cultivation, we 
used earlier (Bezbarnah and Barna 1985, Bezbaruah et al. 
1995 a & b) enrichment media to detemline the population 
counts of different types of soil bacteria. While this method 
provides valuable information about the proportion of the 
bacterial strains which are viable in the enrichment media 
used for the most probable number counts, it does not provide 
information about the actual status of microbial 
transformations possible in the soil environment particularly 
when the soil is being exposed continuously to an array of 
agrochemicals. To assess the influence of agrochemicals on 
the soil microflora, evaluation of enzyme activity in freshly 
collected soil samples can be considered suitable because most 
of the influence present in the field ca.'1 be expected to be 
present in the soil sample. We therefore analysed cellulase, 
phosphatase and rhodanese activities of soil samples from 
forest and land under tea cultivation from 3 major tea growing 
regions of India As commercial tea cultivation tollows highly 
organized, preplanned cropping systems including chemical 
fertilizer and pesticide application programmes, plucking and 
pruning cycles and maintain accurate records of yield in 
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individual sections grouped on the year of planting of the 
tea plaI,lt, the soil under tea cultivation was considered as 
the ideal material to study the etfects oflong term cultivation. 

MATERIALS AND METHODS 

Soil samples from forests and land under tea cultivation 
were collected from the same regions and statictically 
analysed (Bezbaruah et aI1997). Series as in figures are: A; 
Assam B: Dooars and C:Nilgiris torest samples used for 
comparison were from the respective regions similarly 
collected. 

Agrochemicals were applied in the 3 plantations as 
described by Bezbaruah (1994). 

Cellulase assay was performed by incubating 5 g soil 
overnight at 30°C with 1 g cellulose powder and 5 mI of 
!.terile water for 24 hr. The samples were then filtered and 
the quantity of glucose present in the t1ltrate was taken as a 
measure of cellulase activity. Control values in samples 
without cellulose powder were substracted from the 
experimental values in each case. The values were expressed 
as J.lg of sugar in 5 g soil samples. Sugar was estimated 
ae.cording to the method of McCready et al. (1950). 

Phosphatase assay wa<; perfonned according to the 
method of Tabatabai and Bremner (1969). The values were 
expressed as Il moles of nitrophenyl from nitrophenol 
phosphate cleaved by phosphatases in 5 g soil samples. 
Rhodanese assay was pertormed according to the method of 
Tabatabai and Singh (1976). The values were expressed as).l 
moles of thiocyanate from 4 g soil samples. Organic carbon 
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was estimated according to the method of Jackson (1973). 
The pH was determined with a pH electrode by soaking 109 
soil samples in 25 ml distilled water overnight. 

RESULTS ANn DISCUSSION 

The Significantly low pH values found in the plantation 
samples in comparison to the forest samples particularly of 
the Dooars and Nillgiri region which in no way related to 
the age of the section from where the samples were obtained, 
suggested that the cultural practice of maintaining the 
plantation samples in the range of 4.5-5.5 wa'l responsible 
for the soil acidity rather than a change introduced through 
root exudates of the tea plant. As the soil in Assam is naturally 
acidic, 'the slightly higher pH values found in plantation 
samples of Assam are likewise attributable to the measures 
undertaken to reduce acidity in those plantations (Fig 1). 

The carbon source is an important factor for microbial 
activfty in soils. In forest ecosystems the source of carbon 
comprises almost entirely of plant residues and there is a 
rapid turnover ofboth above-and below-ground sources of 
organic carbon thrOUgh microbial activity which is not 
subjected to influences ofxenobiotics. But in soils under tea 
«ultivation, the source of organic carbon originates from 
weeds and insects killed through plant protection chemicals, 
tea bush prunings which might also, contain residues of 
insecticidal sprays. In addition to this, L1.e organic pesticides 
applied as fungicides, soil fumigants, herbicides and 
insecticides also contribute to the organic carbon content of 
the soil. Homer et al. (t 9S%) and Taylor et al. (1989) reported 
that assimilation of carbon compounds by'mjcroorganisms 
is influenced by the structure of the cot¥pound. Lignin 
degradation products, such as catechol are also formed from 
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the degradation of 2,4~D, and both 2,4-D and paraquat 
incorporated into soil biomass (Stott et al. 1983, Ogram et 
al. 1985). Therefore the values of organic carbon 
concentration in plantation samples may not entirely 
r\!present the readily assimilable carbon substrate of all 
heterotrophs present in the soil environment (Fig 1). 

The high values of organic carbon in the Nilgiri samples, 
which showed reduced enzyme activity in comparison to the 
forest samples oftbe region, with respect of rhodanese (Fig 
2), cellulase (Fig 3) and urease (Bezbaruah et al. 1995) 
confirms that amendment of organic carbon' alone is 
insufficient to overcome the influences created through 
cultural practices. The cropping practices followed in 'the 
Nilgiri plantations, such as covering the soil with tea bush 
pruning which is rich in lignin and use of heavy dosage of 
chemica} nitrogen are known to retard lignin degradation 
(Reid 1983, Zadrazil and Brunnert 19&0). 

Phosphatases which were higher than the respective 
forest samples in both Nilgiri and Dooars samples (Fig 4) 
are also influenced by the cropping practices being followed 
in the plantations. Perucci and Scarponi (1985) have shown 
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that the organic amendments used in the soil, inf1uence 
phosphatase activity. As Gogoi and Devchowdhury (1990) 
have confinned tea bush pruning are likel y to show enhanced 
phosphatase activity. Since the values of organic carbonJn 
Assam plantation samples were lower than those found· in 
Nilgiris or Dooars and the phosphatase activity in the 
plantation samples from Assam was lower than the 
corresponding forest samples of the region, it is likely that 
lack of organic matter amendment in Assam plantation 
samples was· responsible for the reduction in phosphatase 
activity of the plantation samples. However, as phosphatases 
play an important role in the detoxication processes of 
organophosphorus pesticides which were frequently being 
used in both Nilgiris and Dooars, increase in phosphatase 
activity in samples can also mean proliferation of pesticides 
degrader microbia) strains. 

Grouping the soil samples on basis of age of the bushes 
revealed no significant trend in decrease or increase in allY 
of the enzymes evaluated in relation to age (Fig 5,6 and 7) .. 
From this observation, one can conclude that the differences 
in enzymes activity. observed in plantation samples and the 
corresponding forest samples with respect to the enzymes 
studied was introduced through the cultural practices being 
followed in the plantations and was not an artifact produced 
by the tea plant. Likewise, as no correlation between extent 
of enzyme activity and the yield of tea harvested form the 
sections (Fig 2,3,4) emerged, it is further confirmed that the 
enzymes studied were clearly an index of the soil conditions 
which was not reflected on the yield oftea leaves per hectare. 
Since all the sections under tea showed a similar type of 
activity which was characteristic of the region and the 
cropping practices in the respective regions varied trom one 
another, it is further confirmed that all the 3 enzymes studied 
were SUbjected to int1uences of the cultural practices of the 
respective plantations. 

ACKNOWLEDGMENT 

We are grateful to United States Department of 
Agriculture for the ARS 410-FG IN- 706 grant and Council 
of Scientific and Industrial Research for research activities 
at Regional Research Laboratory, Jorhat and tea plantations 
who participated in ·the programme. 

REFERENCES 

Bezbaruah B. 1994. Plant and soil health through soil microbial 
management. (in) TeaPlantations,pp 1-125. GoodrickeGroup 
Ltd., 14 Gurusaday Road, Calcutta 

Bezbaruah B and Barua G. 1985. Transformation of urea, 
ammonium sulphate and potassium nitrate in acid tea soils. 
Indianlournal of Agricultural Sciences 55: 742-7. 

Bezbaruah B, Bora T and Saikia N. 1993. Significance ifureolytic 
nitrification activity in tea. (in) Proceedings of the International 
Symposium on Tea Technology, organized during 11-14 January 
1993 by Tea Research Association, Calcutta, pp 293-300. 

Bezbaruah B, Bora T and N Saikia. 1995 a. Effect of pesticides in 



September 1998] son.. ENZY'ME ACTIVITY IN lEA SOILS 619 

soil microbes from plantation and uncultivated land as 
determined by most probable number (MPN) method. Indian 
Journal of Microbiology 35 : 55-60 

Bezbaruah B, Saikia N and Bora T. 1995 b. Effect of pesticides on 
MPN enumeration of soil microbes from tea (Camellia sinensis 
(L) O. Kuntze) plantations in soil extract medium. Indian 
JOlll1lal 0.( Agricultural Sciences 65 (8) : 578--83. 

Bezbaruah B, Bora T and Saikia N. 1997. Niti"ate transformation 
in soil samples afforest and tea (Camellia sinensis) plantations. 
Indian JOIIl'11al 0.( Agricultural Sciences 67 (1) : 6-9 

Gogoi, A K and Devchowdhury MM. 1990. Phosphatase activity 
in tea plant (Camellia sinnensis L.) as inHuenced by phosphate 
nutrition. T1\"O and a Bud 37: 41-8. 

Horner J D M, Gosz J R and Cates R B. 1988. The role of carbon 
based plant secondary metabolites in decomposition of 
tCITestrial ecosystems. American Nature 132 : 869-83 

Jackson ML. 1973. Soil Chemical Analysis. Prentice Hall ofbldia 
Pvt. Ltd., New Delhi. 

McCready R 1'.1, Guggolz.J, Silviera U, Owens H S. 1950. 
Determination of l>tarch and amylase in vegetables. Analytical 
Chemistry 22 : 1156 

Ogram A V, Jessop R E, Tov L and Rao P S C. 1985. EtTect of 
sorption on biological degradation rates of 2, 4-D 
(dichlorophenozy) acetic acid in soils. Applied and 

Environmental Microbiology 49 : 582-7 
Pcrucci P, Scarpono C. 1985. Effect of different treatments with 

crop residues on soil phosphatase activity. Biology and F el1ility 
of Soils 1: 111-5 

Reid I D. 1983. Effects of nitrogen supplements on degradation of 
Aspenwood lignin and carbohydrate components by 
Phanerochaete chrysosporium Applied and Environmental 
Microbiology45 : 830-7 

Stott D E, Martin J P, Focht D D and Haider K. 1983. 
Biodegradation, stabilization humus and incorporation into 
soils biomass of 2, 4-D and chlorocatechol carbons Journal, 
Soil Science Society America 47 : 66-70 

Tabatabai M M and Bremner J M 1969. Use of p-nitrophenol 
phosphate for assay of soil phosphatase activity. Biology and 
BiociJemistlY 1: 301-7 

Tabatabai M A and Singh B S. 1976. Rhodanese activi~y of soils. 
Journal Soil Science Society of America 40 : 381-2 

Taylor B R, Parkinson D and Parsons W F J. 1989. Nitrogen and 
lignin content as predictors 0 f litter decay rates in microcosm 
test. Ecology 70 : 97-104 

Zadrazil F and Brunett H. 1980. 'llie inHuence of ainmonium ni h·ate 
supplementation on degradation and in vitro digestibility of 
straw colonized by higher fungi. European JOllmal o./Applied 
Microbial Biotechnology 9: 37-44. 



Indian Journal of Agricultural Sciences 68 (9) : 620-4, September 1998 

Hybrid vigour among newly evolved bivoltine hybrids of silkworm (Bombyx mort) 
under Hill conditions 

E RAJALAKSHMJ', T l' S CHAUHAN 2 and C K KAMBLE3 

Regional Sericultural Research Station, Central Silk Board, Coonoor, Nilgiris, Tamil Nadll 643 101 

Received: 23 August 1997 

ABSTRACT 

Hetet:(w,is studies on rearing and C<lC<l()n charaCters of 21 new bblQlti.ne hybrids revealed that manifes.tatiou of 
heterosis was highly significant for all the silk yield contributing characters especially cocoon yield by weight among all 
the hybriqs. r_ennew bivoltine hybrids were highly promising over the existing check hybrid ('KA' X 'NB 4 D 2'). Four 
hybrids namely 'CNR 14' x 'NB4 D2', 'CNR 12' x 'NB 4D2', 'CNR 16' x 'NB 4D2' and 'CNR 13' x 'NB 4D2' 
exhibited significantly positive heterobeltosis and standard heterosis for most of the characters. 

Key words: silkworm, Bombyx mori, heterosis, hybrid vigour, bivoltine hybrids 

India is the second largest raw silk producing country 
in the world (13 518 metric tonnes) and the foreign exchange 
earnings of the silk industry during 1993-94 was Rs 8 000 
million (Datta 1994, Menon et al. 1994). 

The domesticated silkworm Bombyx mol' I L. has about 
2000 breeds in the world which differ in their silk production 
both quantitatively and qualitatively (Bhargava et al. 1996). 
Introduction of silkworm hybrids revolutionised the world 
silk production. Most of the silkworm hybrids in China and 
Japan are productive bivoltine hybrids with superior quality 
silk tilament of International standards. It has been proved 
that the silk yield from hybrids is better than that of their 
parents (Bhargava et af. 1993, 1996; Harda 1949, 1961). 
Much of Indian silk is from multivoltine X bivoltine hybrids 
which have less shell content and inferior quality of silk 
filament compard with the bivoltines. The productivity of 
bivoltine silkwonn breeds is 800-1 250 kg of cocoonslha of 
mulberry and that ofpolyvoltines is 160--440 kglha (Jay(!SWal 
et al. 1994). Bivoltine hybrids have the potential to improve 
the silk production and quality of silk filament competable 
in International silk market (Aruga 1994, Aureaet al. 1994). 
Hence, an attempt was made to study the extent of hybrid 
vigour among hybrids of the new bivoltine silkwol:"m 
genotypes evolved at this station for the economically 
important cOCoon as well as silk yielding characters. 

MATERIALS AND METHODS 

Thirteen newly evolved promising bivoltine sili..'WOrm 

, Senior Reseach Assistant, 3 Joint Director 
2Senior Reseach Officer, Regional Sericultural Research 
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genotype ('CNR3', 'CNR4', 'CNR5', 'CNR6', 'CNR 1', 
'CNR 8', 'CNR 9', 'CNR 10', 'CNR 11', 'CNR 12', 'eNR 
13', 'CNR 14', 'CNR IS', 'CNR 16') of this station and 2 
popular bivoltines 'KA' and 'NB4 D2' was selected based 
on their performance in the laboratory. A total of23 hybrids 
were reared along with their 15 parents in randomised block 
design with 3 replications each during NovemberlDecember 
1995 following the standard rearing method 23-28°C, 70-
80% relative humidity and 12 hr photoperiod (Bhargava et 
aZ. 1993). The popular bivoltine hybrid 'KA' x 'NB4 D2' 
was reared as a check hybrid. 

The observations were recorded on cocoon yield by 
number and weight, single cocoon weight, single shell 
weight, shell ratio percentage, filament length and silk 
productivity . 

Mid-parent heterosis, heterobeltiosis, better parent 
heterosis and standard check heterosisi of the hybrids over 
standard hybrid were calculated by the methods already in 
application (Ashoka and Govindan 1990, Bhargava et af. 
1993, 1996). The signiticance of heterosis was marked by 
least significant difference at 5% (P=0.05) and 1 % (p=0.0 1) 
levels. 

RESULTS AND DISCUSSION 

Cocoon yield by number 
The extent of better parent heterosis exhibited by all the 

23 hybrids was positive and significant (0.427 to 9.633%). 
Highly significant better parent heterosis values in percentage 
were recorded by 'CNR 12' x 'NB4D2' (9.63), 'CNR 13' x 
'KA' (9.45), 'CNR 13' x 'NB4 D2' (9.44), 'CNR 11' x 'NB 
4D2' (9.12), 'CNR 16' x 'NB4D2' (8.70), 'CNR 15' x 'NB 
4D2' (7.97) and 'CNR 16' x 'KA' (7.04) (Table 1). 
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Ten hybrids registering significant standard hybrid 
values were 'CNR 10' X 'CNR 14' and 'CNR 10' X 'CNR5' 
(2.54), 'CNR 12' X 'NB4 D2' and 'CNR 13' X 'KA' (2.43), 
'CNR 9'x 'KA', 'CNR 13' X 'NB4 D2' and 'CNR 14' X 
'NB4 D2' (2.25), 'CNR 11' X 'NB4 D2' (2.l4), 'CNR 10' X 
'KA' (2.08) and 'CNR 14' X 'KA' (l.73). 

Cocoon yield by weight 
All the hybrids recorded positive better parent heterosis 

values (4.14 to 39.34%). Seven hybrids namely, 'CNR 16' X 
'NB4 02' (39.34%), 'CNR IS' X 'KA' (35.01), 'CNR 10' X 
'KA' 33.28), 'CNR 12' X 'NB4 D2' (30.56), 'CNR 12' X 
'KA' (30.26), 'CNR 14' X 'NB4 D2' (27.98) and 'cm 13' 
X 'KA' (27.33) expressed highly significant better parent 
heterosis values. 

Sixteen hybrids registered positive standard hybrid 
values (0.48-15.22%), out of which 7 had highly signiticant 
values. They were 'CNR16' x 'NB4D2' {15.22), 'CNR 14' 
X 'NB4 D2' (9.08), 'CNR 13' X 'KA (8.82)', 'CNR 15' X 
'KA' (8.13), 'CNR 12' X 'NB402' (7.44), 'CNR 10' X 'KA' 
(6.75) and 'CNR 13' x 'NB4 D2' (6.23), 'CNR 14' X 'KA' 
(5.62%) and 'CNR 3' X 'CNR 16' (5.30%) shOwed 
signiiicane at 5% level (Table 1). 

Coqoon weight 
Though twenty hybrids registered positive better parent 

heterosis values for single cocoon weight, they were highly 
significant only among 'CNR 16' X 'NB4 D2' (20.79), 'CNR 
3' X 'CNR 16' (19.50), 'CNR 3' X 'CNR 14' (12.50), 'CNR 
15' X 'KA' (10.80) and 'CNR 13' X 'KA' (10.10%). 

CNR 16 X NB4 D2 (14.38), CNR 15 X KA (6.97), CNR 
3 xCNR 16(6.92), CNR 13 XKA(6.29), CNR 13 xNB402 
(3.46), CNR 12 X KA (3.17), CNR 14 X NB4 D2 (2.97) and 
CNR 12 X NB4 D2 (2.92) expressed signit1cant positive 
standard hybrid values at 1 % level (Table 1). 

Shell weight 
Seventeen hybrids recorded positive BPH values ranging 

from 0.08 to 21.71 % for single shell weight. CNR 3 X CNR 
16 (21.71), CNR 16 xNB4 02 (20.79), CNR 12 xKA(19.42), 
CNR 3 X CNR 14 (16.50), CNR 15 x KA (14.59), CN""R 14 x 
NB 402 (14.25), CNR 12 X NB4 02 (12.52) and CNR 14 X 
KA (11.90) recorded significant (P=O.OI) positive better 
parent heterosis values (Table 2). 

Eight hybrids yielded significant (P=O.OI) standard 
hybrid values. They were 'CNR 16' X 'NB4 02' (17.32), 
'CNR 12' x 'KA' (12.67), 'CNR 14' x 'NB4 02' .(10.98), 
'CNR 12' x 'NB4 D2' (9.29), 'CNR 3' x 'CNR 16' (8.85), 
'CNR 3' x 'Cl\TR 14' (8.22), 'CNR 15' x 'KA' (8.11) and 
'CNR 13' x 'NB4 D2' (7.84) 

Table 1 Heterosis percentage for cocoon yield by number and weight and single cocoon weight in silkworm 

Hybrid Cocoon yield Cocoon yield (g) Single cocoon weight (g) 

Mid Better Check 'Mid Better Check Mid Better Check 
parenti parent parent parent parent parent 

I 

-:2.76' 2.05 -12.48 'CN.R 3' x 'CNR 12' 4.60 \ 2.62 9.89 4.73 -13.21 6.49 
'CNR3'x 'CNR 14' 4.80 2.69 1.39 21.44 19.76 2.08 13.63 12.50** -3.51 
'CNR 3' x 'CNR 16' 1.70 0.43 --4.84 24.22 21.49 5.30* ,22.02** 19.50** 6.92 
'CNR 10' x 'CNR4' 3.80 2.78 2.54** 18.36 4.14 3.23 10.18 1.61 -4.53 
'CNR 10' x 'CNR5' 5.34 4.84 2.54** 18.14 11.23 -5.13 4.44 -1.52 -11.79 
'CNR 10' x 'eNR 6' 7.84 3.30 1.04 21.23 17.77 -5.94 4.75 0.28 -13.01 
'CNR 10' X 'CNR8' 1.60 0.83 -1.38 18.82 13.07 -5.71 11.51 8.14 --8.67 
'CNR 9' x 'I(A' 6.18 3.26 2.25** 24.35 19.88 3.46 10.04 3.99 0.39 
'CNR 9' x 'NB4 D2' 4.46 1.51 0.52 21.91 19.08 2.77 8.58 3.55 -1.95 
'CNR 10' x 'KA' 6.67 4.36 2.08** 37.38** 33.28** 6.75** 15.21 ** 4.95 1.32 
'CNR 10' x 'NB4D2' 3.95 '1.62' -0.60 23.49 1'8.26 -2.68 9.94 1.03 --4.34 
'CNR 11' x 'KA' 6.11 6.10 -0.69 16.35 15.41 -6.06 0.77 -4.14 -7.46 
'CNR II' X 'NB4 D2' 9.22** 9.12"'* 2.14** 22.77 22.11 0.48 -0.62 -4.58 -9.65 
'CNR 12' x 'NB4 D2' 1.32 5.93 -0.86 34.46** 30.26** 4.32 17.81 ** 6.87 3.17** 
'CNR 12' x 'KA' 10.98** 9.63** 2.43** 36.53** 30.56** 7.44** 18.79** 8.70* 2.92** 
'CNR 13' X 'KA' 11.92** 9.45** 2.43** 31.46** 27.33** 8.82** 10.91 10.10 6.29** 
'CNR 13' x 'NB4 D2' 11.82** 9.44** 2.25** 26.64 24.29 6.23** 9.01 8.76* 3.46** 
'CNR 14' x 'KA' 5.80 3.04 1.73* 27.77 23.92 5.62* 12.20 4.95 1.32 
'CNR 14' x 'NB4,D2' 6.42 3.56 2.25** 30.23** 27.98** 9.08** 15.21 ** 8.75* 2.97** 
'CNR 15' x 'KA' 12.35** 7.23** 0.35 41.89** 35.01 ** 8.13** 20:11** 10.80** 6.97** 
'CNR 15' x 'NB4 D2' 13.03** 7.97** 0.87 27.35 19.63 -1.56 8.16 0.67 --4.68 
'Cl\I"R 16' x 'KA' 7.73 7.04** 0.18 21.38 16.77 1.21 4.64 0.81 -2.68 
'CNR 16' x 'NB4 D2' 9.33** 8.70** 1.56 36.38** 32.93** 15.22** 24.21** 20.79** 14.38** 

CD (P={).05) 1.40 1.28 0.81 3.32 3.77 2.73 2.75 2.76 lOO 
CD (P={).01) 1.90 1.74 1.10 4.51 5.12 3.72 3.74 3.75 4.08 

*Significant at 5% level (P={),05), ** significant at 1% level (P={).Ol) 
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Table 2 Heterosis percentage for single shell weight and shell ratio in silkworm 

Hybrid Single shell weight (mg) Shell ratio (%) 

Mid Better Check Mid Better Check 
parent parent parent pa:ent 

'CNR 3' x 'CNR 12' 0.33 -3.12 -13.36 -3.68 -3.88 1.27 
'CNR 3' x 'CNR 14' 18.71 16.50** 8.22** 3.68 0.70 12.10** 
'CNR 3' x 'CNR 16' 21.98** 21. 71 ** 8.85** 1.58 -1.01 3.86 
'CNR 10' x 'CNR4' 15.26 -2.42 5.84* 4.68** -5.71 11.67** 
'CNR 10' x 'CNR 5' 12.85 -3.41 2.03 6.78** -4.40 14.79** 
'CNR 10' x 'CNR 6' 1.61 -7.44 -15.32 -2.83 -8.17 -2.06 
'CNR 10' x 'CNR 8' 12.00 2.39 -7.06 2.09 -3.91 3.38 
'CNR 9' x 'KA' 7.29 0.26 -5.41 -1.02 -2.29 -3.01 
'CNR 9' x 'NB4 D2' , 11.11 2.46 -0.48 2.67 -0.41 2,.48 
'Cl'."'R 10' x 'KA' 14.74 3.09 -2.74 0.38 -1.81 -2.54 
'CNR 10' x 'NB4 DZ' 12.82 0.08 -2.79 4.99** 0.92* 3.86 
'CNR 11 'x'KA' 2.75 -1.2j --6.84 0.96 -1.02 2.27 
'CNR 11' x 'NB4 D2' 5.23 --D.26 -3.12 6.10** 5.88** 9.40** 

·'CNR 12' X 'KA' 26.85** 19.42** 12.67** 7.97** 4.85** 10.46** 
'CNR 12' X 'NB4 D2' 21.15** 12.52** 9.29** 3.90* 2.69** 8.19** 
'CNR 13' x 'KA' 12.06 11.25* 6.51* 0.74 -0.11 0.85 
'CNR 13' X 'NB4 D2' 11.83 11.03* 7.84** 3.65 2.67** 5.65 
'CNR 14' X 'KA' 12.77 11.90** 5.58 -0.01 -5.42 5.28 
'CNR 14' X 'NB4 D2' 16.80* 14.25** 10.98** 2.09 -1.77 9.35** 
'CNR 15' x 'KA' 18.57** 14.59** 8.11 ** 0.61 -3.79 4.65 
'CNR 15' x 'NB4 DZ' 13.09 7.78 4.69 5.27** 2.43** llAI ** 
'CNR 16' x 'KA' 8.31 5.26 -0.69 3.93* 3.77** 3.33 
'eNR 16' x 'l'ffi4 D2' 26.04** 20.79** 17.32** 3.21 1.54** 4.49 
CD (P=O.05) 3.01 3.64 3.53 1.23 r.s2 2.08 
CD (P=O.OI) 4.09 4.95 4.79 1.68 2.08 2.83 

·Significant at 5% level (P=O.05), ** significant at 1 % level (P=O.OI) 

Shell ratio percentage 
Seven hybrids, viz 'CNR II' X 'NB4 02' (5.88), 'CNR 

12' X 'KA' (4.85), 'CNR 16' X 'KA' (3.77), 'CNR 12' X 

'NB4 02' (2.69), 'eNR 13' X 'NB4 02' (2.67), 'GNR IS' X 

'NB402' (2.43) and 'CNR 16' X 'NB4 02' (1.54) showed 
significance at 1 % level. 

Highly significant standard hybrid values were recorded 
by 'CNR 10' X 'CNR5' (14.79), 'CNR3' X 'CNR 14' (12.10), 
'CNR 10' X 'CNR4' (11.68), 'CNR IS' X 'NB4 02' (11.41), 
'CNR 12' x 'KA' (10.46), 'CNR 11' X 'NB4 02' (9.40), 
'CNR 14' X NB4 D2' (9.35) and 'CNR 12' X 'NB4 02' 
(8.19%) (Table 2). 

Filament length 
Fifteen hybrids expressed positive better parent heterosis 

(1.98 to 34.27%) but it was significant (P=O.Ol) only among 
'CNR 10' X 'KA' (34.27), 'CNR 10' X 'NB4 02' (27.56), 
'CNR 14' X 'KA' (23.92), 'CNR 9' x 'KA' (23.34), 'CNR 9' 
xNB402' (22.66), 'CNR IS' X 'KA' (17.80) and 'CNR 14' 
X 'NB4 D2' (17.07%). 

The hybrids, namely 'CNR 14' X 'KA' (27.10), 'CNR 
13', 'KA' (20.57), 'CNR 14' X 'NB4 02' (20.08), 'CNR 12' 
X 'KA' (18.60), 'CNR 10' X 'CNR 4' (18.00), 'CNR 15' X 

'KA' (17.80) and 'CNR 13' X 'NB4 02' (15.33) recorded 
significant (P=O.Ol) standard hybrid values (Table 3). 

Silk productivity 
All the hybrids except 'CNR 3 'x 'CNR 12' recorded, 

positive better parent heterosis values for silk productivity 
day (6.56-65.76%). 'CNR 12' x 'NB4 02' (65.76), 'CNR 
16' x 'NB4 02' (49.53), 'CNR 12' X 'KA' (42.86), 'CNR 
15' X 'KA' (38.74) and 'CNR 10' x 'NB4 02' (33.16) and 
'CNR II' X 'NB4 02' (32.32%) also expressed significance 
at 5% level. 

'CNR 13', X 'NB4 02' (35.73), 'CNR 12' X 'NB4 02' 
(34.33), 'CNR 16' X 'NB4 02' (27.15), 'CNR 14' X 'NB4 
D2' (20.96) and 'CNR 12' X 'KA' (17.76) showed signiticant 
(P=O.O 1) standard hybrid values for this character (Table 3). 

Heterosis is the function of dominance etIect and genetic 
distance between parents. When two completely genetically 
diversed homozygous parents are crossed, maximum 
heterozygosity can be achieved and this in turn leads to 
significant heterosis (Falconer 1989). The study clearly 
reveals signii'icant heterosis for all the silk yield contributing 
characters. Better parent heterosis was highly significant for 
cocoon yield by weight in all the hybrids. This can be 
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Table 3 Heterosis percentage for filament length and silk productivity/day in silk.-wonn 

Hybrid Filament length Silk productivity/day 

Mid Better Check Mid Better Check 
parent parent parent parent 

'cM 3' x 'CNR 12' -2.24 -10.95 -2.67 4.12 -0.23 -11.78 
'CNR 3' x 'CNR 14' 15.78 8.58 11.37 24.00 19.46 13.97 
'CNR 3' x 'CNR 16' 4.50 -5.20 4.SS 11.62 9.48 -3.19 
'CNR 10' x 'CNR 4' 8.65 -10.84 18.00** 29.72 15.03 14.57 
'CNR 10' x 'CNRS' -21.87 -35.25 -16.42 28.02 16.92 8.98 
'CNR 10' x 'CNR 6' -9.56 -11.14 -21.86 11.93 6.S6 -9.18 
'CNR 10' x 'CNR8' -14.23 -24.38 -15.92 15.48 6.83 -3.19 
'CNR 9' x 'KA' 26.84** 23.34** 8.21 31.45 23.97 2.20 
'CNR 9' x 'NB4 D2' 23.78** 22.66** 7.62 36.41 28.50 6.19 
'CNR 10' x 'KA' 3S.85** 34.27"* 13.9S* 31.16 26.88 4.S9 
'CNR 10' x 'NB4 D2' 28.S1 ** 27.56** 9.89 28.50 24.15 2.59 
'CNR 11' x'KA' 13.94 2.48 6.33 20.15 17.68 -2.99 
'Cl\1R 11' x 'NB4 D2' 17.71 7.72 11.77 29.3'& 26.57 4.59 
'CNR 12' x 'KA' 23.42** 8.51 18.60** 44.08** 42.86** 17.76** 
'CNR 12' x 'NB4 D2' 9.41 -2.17 6.92 64.15** 62.56** 34.33** 
'CNR 13' x 'KA' 27.51 ** 13.50* 20.57** 23.93 10.90 15.77* 
'CNR 13' x 'NB4 D2' 19.90 8.57 15.33** 45.14** 30.02 3S.73** 
'CNR 14' x 'K.!\' 37.07** 23.92** 27.10** 26.60 17.99 12.57 
'CNR 14' x 'NB4 D2' 27.25** 17.07** 17.80** S1.19** 38.74** 14.37 
'CNR 15' x 'KA' 28.83** 17.80** 17.80** 51.19** 38.54** 11.18 
'CNR 15' x 'NB4 D2' 9.56 1.98 1.98 46.77** 34.S4** 11.18 
'CNR 16' x 'KA' 3.84 -9.06 0.30 25.63 23.71 5.19 
'CNR 16' x 'NB4 D2' 16.52 3.77 14.44* 51.67** 49.53** 27.15** 
CD (P=O.05) 6.61 7.22 5.27 6.11 6.42 5.25 
CD (P=O.OI) 8.98 9.82 7.17 8.31 8.73 7.14 

*Significant at 5% level (P=O.05), ** significant at 1 % level (P=O.OI) 

attributed to the significant positive ~eterosis for cocoon yield 
by number and also single cocoon weight as cocoon yield by 
weight is positively correlated with the number and weight 
of cocoons. The hybrids 'CNR 16' x ~TB4 D2, 'CNR 13' x 
'NB4 D2', 'CNR 12' x 'KA', 'CNR 15' x 'NB4 D2', 'CNR 
10' x 'NB4 D2' and 'CNR 3' x 'CNR 14' were most 
promising and expressed positive better parent beterosis for 
all the 7 economically important characters. 'CNR 16' x 
'KA', 'CNR 12' x 'NB4 D2' and 'CNR 15' x 'KA' recorded 
significant better parent heterosis for all characters except 
filament length in the fomer two and shell ratio in the latter, 
'CNR 14' x 'NB4 D2' also showed positively signilicant 
better parent heterosis for 4 characters. 

The hybrid 'CNR 14' x 'NB4 D2' recorded positively 
significant standard hybrid values for al 7, while 'CNR. 12' 
x 'NB4 D2', 'CNR 13' x 'NB4 D2' and 'CNR 13' x 'KA' 
for 6 and 'CNR 16' x 'NB4 D2' for 5 characters. This shows 
the more superiority of these new bivoltine hybrids to the 
existing popular hybrids. 

Four hybrids, namely 'CNR 14' x 'NB4D2', 'CNR12' 
x 'NB4 D2', 'CNR 16' x 'NB4 D2' and 'CNR 13' x '~TB4 
D2' expressed significantly positive better parent heterosis 
and standard hybrid values for most of the characters and 

found to be promising. All the female parents involved in 
these hybrids, ie 'CNR 14', 'CNR 12', 'CNR 16', 'CNR 13' 
are oval cocoon producing ones and are genetically distant 
from the male counter parts, ie 'NB4 D2' which is a dumbbell 
cocoon producing genotype. This in addition to the high 
general combining ability of these 4 CNR breeds as well as 
the high specific combining ability oftheir hybrids with 'NB4 
D2' can be easily and successfully exploited in the field and 
to a greater extent under hill condition to increase the raw 
silk production. 
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[Glycine max (L.) Merr.J is one ofthe important oil seed 
crops in India and its acreage and production are substantial 
in world but its productivity is quite low. Various biotic and 
abiotic factors play important role to decrease its productivity. 
Forty eight national varieties have been released, there is 
scope to add more genotypes. Sixteen germplasm lines were 
selected to evaluate for their yield performance with 
comparison to 3 local checks, viz 'Punjab 1', 'PK472' and 
'JS 335'. These 16 lines were chosen from the material 
screened earlier for resistance to major insects and diseases 
by the author and his associate (Shukia and Prabhakar 1991, 
Sharma and Shukla 1993a and 1993b) .. 

The experiment was conducted with randomised block 
design in 4 replications during rainy seasons 1993 and 1994 
at Indore. Each genotype was grown in 5 m x 4.95 m p·lot. 
Fertilizers (N:P:K:S) were also applied as per the 
recommendation, ie @ 20:60-80:20:20 kglha and all the re­
commended practices tor the crop we~ followed throughout. 

Yield performance of 3 lines, viz 'EC 251311' (2 770 
kglha), 'PK 442 (2475 kglha) and 'EC 241412' (2 166 kg( 
ha) was found better or at par with check varieties 'Punjab 
l' (2276 kgfha) and 'IS 335' (2422 kglha) during kharif 
1993. During kharif1994 yield of some genotypes like 'EC 
34500' (1 955 kglha), 'EC 251311' (1683 kgfha), 'JS 79-
420' (1592 kgfha) and 'MACS 13' (1570 kg/ha) was good 
and at par with checks, viz 'Punjab l' (1 631 kglha) and 
'PK 472' (1 565 kgiha). Rains were more during 1994 
because of that actual potential of the genotypes were not 
observed. IOO-grain weight of3lines, viz 'EC 241412' (15.4 
g), 'EC 251311' (13.5 g) and 'EC 34500' (13.3) is highest 
among all the genotypes. Earlier 'PK 472' and 'JS 335' 
varieties of soybean were scored resistant to bacterial pustule 
while 'Punjab l' was susceptible to the disease (Bhatnagar , 
and Tiwari 1990, Bhatnagar 1994) but at present these 2 
varieties are not showing true resistance therefore true 
resistant genotypes with better yield potential will be good 

·Shortnote 
·Scientist 
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Mustard, Scwar Farm, Bharatpur 321 303 (Rajasthan) 

Tablel Performance ofsoybean genotypes 

Genotypes Yield (kglba) . Disease reaction ]00-
seed-

1993 1994 NP LS weight (g) 

AGS 109 797 MR M 6.5 
EC 34500 1955 R T 13.3 
EC 241412 2166 R L 15,4 
EC 251311 2nO 1683 R T 13.5 
EC 251844 1009 R T 7.5 
Ec 251867 1010 R L 9.2 
IQ 5186 672 R L 7.9 
L450 1037 M R S 7.2 
L537 1247 R T 7.6 
IS 335 2422 RJMR M 11.1 
IS 79-420 1592 RM 12.5 
MACS 13 1570 RL 10.5 
PK442 2475 1525 RL 11.3 
PK472 1565 MRJMS S 11.9 
Punjab 1 2276 1631 HS S 9.7 
TK5 993 S L 8.0 
TG8-11-27D 1291 R M 7.0 
TG 1073-30E 1680 MR L 7.2 
TG 1073-55E 689 MR T 8.2 
C.Dat 5% 690 245 

BP, Bacterial pustule; LS, leaf spot; J, immune; R, resistant; T, 
traces; L, light; MR, moderately resistant, M, moderate, MS, 
mOderately susceptible; HS, highly susceptible. 

for cultivation. Based on 2-yearperformance 'EC 2513311' 
cultivar was included in intial varietal trail (NT) of AICRP 
on soybean in the name of 'NRC 27' during kharif 1995. 
This was tested under the coordinated project and ranked 
7th in the list of top 10 entries on the basis of yield tor 
promoting further evaluation in higher trials. 
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Effect of ill-situ moisture conservation practices on runoff, soil loss and productivity of sorghum 
(Sorghum bicolor)* 
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\ 
Undulating topography along \\-lth faulty agricultural 

practices result in more ~notT and soil-loss of'top fertile 
soil. Mechanical structures reduce run ofl' and erosion and, 
has their limitation in small and irregular tields. Bathkal etl 
al. (1992) reported the use of vegetative barriers on cont0urj 
for in-situ soil-and-moisture conservation and productivit)) 
of crops. Greenti.eld (1987) introduced the concept ofvetiver 
grass [Vetil'eria =izanioides (L.) Nash (2n=20) Khus] hedges 
on contour to achieve higher in-situ soil-and-moisture 
conservation and crop productivity. Hence, a study was 
conducted to t1nd out the effect of vegetative system Oil 
contour for in-sitr! soil-and-moisture conservation and 
productivity ofsorg..hum [Sorgllllm hieolor (L.) Moench]. 

A monitoring block having 5 plots with ditTerent 
practices was developed at Kotri, (district Bh:hyara, 
Rajasthan) for estimation OfIlL'lOft: soi~-Ioss 2l1d productivity 
of sorghum crop during the rainy sdson (kharij) of 1992, 
1993 and 1994. The soil was sandy clay loam with pH 8.2, 
having organic carbon 0.32%, ECe 0.07 dS/m at 25°C, P 
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9.7 kg/ha and K 265.6 kg/ha. There were 5 treatments, viz 
Tl' sowing along the slope; T

2
, sowing along contour bund 

in cross section of 0.2 m2 at 30 m horizontal interval; T3, 

contour cultivation across the slope; T 4' contour sowing along 
the vetiver grass key-line with V -ditch cross-section of 0.09 
m2 at 30 ill horizontal interval; and T

j
, contour-strip cropping 

of sorghum and greengram (Phaseo/us radiattlS L.).in 3:1 
proportion. The plot size of each treatment was 2 400 m2 

with the slope length of 90 m having almost a uniform slope 
of 1.2%. A monitoring device coshocton wheel silt sampler 
30 cm diameter with H-flume was set up with each treatment. 
Rainfall was measured by self-syphon-type recording 
rainguage installed at the site. 'CSH 6' hybrid sorghum and 
'K 857' greengram (as strip in strip-cropping treatment) were 
sown at tile onset of monsoon in all the years. The total 
rainfall received during July-October in 1992, 1993 and 1994 
was 625.8, 391.3 and 1 030.8 mm respectively. 

The runoft'recorded under the contour cultivation along 
vetiver grass key-line was the lowest during all the years, ie 
8.4% in 1992, 7.6% in 1993 and 7.0% in 1994 (Table 1). 
This can be attributable to more uniform spread of surface 
runoff allover the toposequence. Further, high velocity of 
Howing water was considerably reduced by vetiver grass key­
line and crop lines on contour. Vetiver key-line obstructs the 

Table 1 Surface runoff, soil-loss and grain yield of sorghum as influenced by various contour systems 

Treatment Runoffproducing stOlID Surface runoff(%) Soil loss (tonneslha) Yield (kglha) 
of rain fail 

1992 1993 1994 1992 1993 1994 1992 1993 1994 1992 1993 1994 

T
J 

220 140.7 524.1 36.2 37.8 39.4 1.74 1.92 2.05 160 620 390 
T2 220 140.7 524.1 13.3 n.5 10.6 1.10 " 0.90 0.87 380 1130 750 
T3 220 140.7 524.1 33.6 35.4 36.0 1.65 1.50 1.45 320 900 610 
T 

4 
220 140.7 524.1 8.4 7.6 7.0 0.78 0.68 0.61 460 1240 850 

T5 220 140.7 524.1 9.0 8.4 7.8 0.85 0.78 0.72 260 1020 640 
(500) (460) (480) 

CD (P=O.05) 065 205 102 

Figures in parentheses show yield of strip crop 
(In 1993 the crop failed due to prolonged drought) 
T [' Sowing along the slope; T 2' sowing along contour bund; T3, contour cultivation across tbc slope; T , contour sowing along the vctiver 

key-line; Ts, conto1IT strip-cropping 4 
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Howing water for a shorter period, thereby achieving higher 
and uniform recharge (Greenfield 1987). However~ this 
treatment was followed by contour strip-cropping where 
surface runoflwas 9.0,8.4 and 7.8% and contour bunding 
where surface runotIwas 13.3, 11.5 and 10.6% respectively 
during 1992, 1993 and 1994. Sowing along the slope and 
contour farming resulted in highest runoff during all the 
seasons. The result confirms the findings of Bharad et al. 
(1991) and Patil and Singh;(1987). 

The seasonal soil-loss was also highest in sowing along 
the slope and contour fanning, i e 1.90 and 1.53 tonnes/ha 
respectively. Seasonal loss in soil was lowest under vetiver 
grass key-line, ie 0.78,0.68 and 0.61 tonne/haduring 1992, 
1993 and 1994 respectively, followed by contour-strip 
cropping and contour bund. Establishment of vegetative bund 
on contour conserves ill-situ soil and gives more time for 
infiltration of water into the field (Greenfield 1987). The 
reduction in soil-loss in vetiver grass key-line treatment may 
probably be due to low velocity of Howing water and setting 
down of soil particles along the line. 

The yield of sorghum was significantly int1uenced by 

contour cultivation (Table 1). Vetiver grass key-lines on 
contour gave highest grain yield of sorghum during 1992 
and 1994. Yield recorded from the vetiver key-line was 850 
kglha which was significantly higher by 117.9, 39.3 :ll1d 
32.8% respectively compared with the sOVoring along slope, 
contour farming and contour strip cropping but closely 
followed by contour bund. The productivity trend was in 
consonance with ronofI and soil-loss. 
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Considering the importance of nutrients particularly N, 
P and K and the role of K in improving the quality of11owers, 
it is essential to determine an optimum dose ofK for quality 
110wer production. Howeve~, at constant level ofN and P, 
increasing levels of K adversely affect as N and P become 
limiting factor. Thus it is needed for study the effe~t of 
increasing dose of K with corresponding increase in N and 
P on tuber (Polianthes tubel'osa). 

The expe~iment was conducted at Jorpat during 1995-
96,vith 7 treatments ofN:P:K, viz T[ (40:20:0, control), T2 
(40:20:20), T~ (40:20:20), T4 (80:40:60), Ts (80:40:80), T6 
(120:60:100) and T7 (120:60:120) laid out in randomized 
block design with 3 replications per treatment. The plot size 
was 3,.5 m x 2.0 m with spacing 30 cm x 20 cm. The pH of 
the soil was 5.2. 

Out of all the treatments (Table 1) T4 (80N : 40P : 60K) 
recorded the highest mean performance for yield of sp)ke 
(692.86 glrre), self (22.16 days) and v~se (17,47 days) ;life, 
size of t10ret (3.88 cm), number of ~airs of norets/spike 
(17.47) and plant height (101.13 ~m). In aqdition, the 
treatment also exhibited hig.lt performance for length of spike 
(104.89 cm) and rachis (33.67 cm). Days to emergence of 
shoot (19.30 days), days to emergence of spike (97.60 days) 
and days to opening of flower (98.33 days) exhibited by the 

*Short note' 
1M Sc Student, 2Associate Professor, lAssistant Professor, 

Depru1ment of Horticulture 

treatment cleariy indicated that 60 g K along \\lith moderate 
levels of Nand P (80 : 40) not only increased the yield illld 
quality oft10wer but also induced earliness. It was observed 
that at 40 g K along with low levels ofN and P (40 : 20), the 
yield of spike (66,429g/m2) was not significantly lower than 
the best treatment but exhibited the longest spike (1 Oo,35cm) 
and rachis (35.27cm), the treatment resulted in reduced plant 
height (95.80cm) and moderate duration for emergence of 
spike (L02,47 days) and opening oft1ower (103.53 days). 

The level of 60 g K could be optimum for production of 
cytokinin and promotion oft10wer morphogenesis resulting 
injncreased number oft1oretslspike as reported by Brunisma 
(1977). Mukhopadhyaya and Bankar (1986) also reported 
similar findings. The increase in flower size by this treatment 
could also be due to enhanced translocation of metabolits 
required for growth. The treatment could be a balanced supply 
ofNPK, promoting translocation of phytohormones resulting 
in early nower initiation (Marchner 1983). 
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Table 1 Effect of potassium on shoot emergence, growth and flower characters 

Treat- Days to Plant Days to Days to Length Length No.of Size of Self-life Vase-life Yield of 
men! emerge- height emerge- opening of of pairs noret of spike of spike spike 

ence of (cm) nceof of spike rachis of (cm) (days) (days) (g/m2) 
shoot spike flower (cm) (cm) florets 

/spike 

T[ 21.83 93.42 114.93 116.27 94.63 31.07 10.93 2.44 17.13 11.47 530.95 
T2 20.70 94.68 110.93 111.20 96.72 33.13 12.47 3.00 18.13 , 11.67 576.19 
T3 19.94 95.80 102.47 103.53 106.35 35.27 15.27 3.30 19.13 15.60' 664.29 
T4 19.30 101.13 97.60 98.33 104.89 33.67 17.47 3.88 22.26 17.47 692.86 
Ts 19.40 100.54 96.80 97.66 100.76 32.33 15.47 3.62 20.33 17.00 645.24 
T6 20.47 98.56 98.87 99.33 89;77 29.87 12.07 3.38 19.53 14.13 635.72 
T7 20.63 97.21 99.13 99.63 86.55 28.73 11.33 3.16 18.40 12.47 604.76 
CD (P=O.OS) 1.05 1.46 1.90 1.09 1.50 2.66 0.78 0.26 1.02 1.13 32.23 
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Phoi:q)hate solubilizing mictoorganisms (PSM) are group 
of microoorganisms, which include bacteria, fungi and yeast 
have got the capacity to convert insoluble phosphatic 
compou!lds into soluble forms. This includes Bacillus, 

. Pseudomonas. MicrocOCClis. Penicillium, Aspergillus, 
FusariUlIl and others (Gaur 1990). 

During routine screening for the presence of efficient 
strains of PSMs, a yeast Tontlospora globosa with a capacity 
to use calcium, iron a'1d aluminium phosphates was found 
for the first time in India (Vora and Shelat 1996). This 
lrganis!l1 produced a clear zone around its colonies on 
Pikovskaya's agar plate incorporated with insoluble 
tricalcium phosphate. The culture was then repeatedly plated 
and 1inally from pure culture, a series ofmorphologicai and 
biochemical tests were performed. The culture was identiiied 
as Torulospora globosa strain PBA 22. The identitIcation 
was confirmed by Institute of Microbial Technology, 
Chandigarh. This strain has all the biochemical tests identical 

1.2 Associate Research Scientist (Microbiology), 2 Assistant 
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to type culture of Toruiospora globosa, but it differs in one 
test, that is, it produces acetic acid. The strain has been 
deposited at Microbial Type Culture Collection Centre, 
Chandigarh as MTCC 2707. 

Field experiments were laid out during 1994-95, 1995-
96 and 1996-97 on ditTerent crops, viz pearlmillet, sorghum, 
wheat, mustard, chickpea and pigeonpea at different locations 
in Gujarat, viz Anand, Jamnagar, Surat and Bharuch. The 
effect of seed inoculation with carrier based (vermiculite) 
culture of T globosa was tested at all locations. Nitrogen 
was applied as urea in two split doses. Phosphorus was not 
applied in any of the treatment. The treatments were 
replicated two times in randomized block design. Yield was 
determined at the time of crop maturity. The mean data are 
presented in Table 1. 

The results indicate that seed inoculation with T globosa 
increased yield of all the crops tested. The grain yield increase 
due to seed inoculation over the non-inoculated control was 
17.6 -55.2% in pearl millet at 1am!lagar; 5.1-17.0% in 
sorghum at Surat; 19.1-32.2% in wheat at Anand, 22.1 % in 
chickpea at Anand and 36.4-88.5% In mustard at Anand. 

Table 1 Response to inoculation with Torulospora globosa (PBA 22) in different crops. 

Crop Season Year 

Pearlmillet* Kharif 1994 . 
Kharif 1995 
Kharif 1996 

Sorghum* Kharif 1994 
Khar(f 1995 
Kharif 1996 

Wheat * Rabi 1994-95 
Rabi 1995-96 

Chickpea* Rabi 1994-95 
Mu~tard* Rabi 1994-95 

Rabi 1995-96 
Sorghum** Kharif 1996 
Pegeonpea*** Kharif 1995-96 

Kharif 1996-97 

"'Grain yield, "'*d1y stover YIeld, "'**fresh pod yield 

Yield (kg/1m) 

T. globosa 
(PBA 22) 

2274 
1 561 
3097 
3539 
3694 
3639 
1 764 
2072 
1275 
1939 
3206 
7461 
2521 
6536 

Absolute 
control 

1465 
1206 
2634 
3025 
3444 
3463 
1 481 
1 567 
1044 
1422 
1 701 
5793 
1 111 
3522 

Percent 
increase 

55.2 
29.4 
17.6 
17.0 

7.3 
5.1 

19.1 
32.2 
22.1 
36.4 
88.5 
28.8 

127.0 
85.6 
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Similarly, seed inoculation increased dry stover yield in 
sorghum by 28.8% at Ammd. At Bharuch. a significant 
increase in green pod yield could be obtained due to seed 
inoculation. 

This report has shown positive etTects of T.globosa 
inoculations to all the crops studied. Several workers reported 
increase in yield due to inoculation with PSMs (Gaur 1972, 
Gaur et al. 1980) 

Further assessment of the etIect of this strain on yield 
increase of other crops is warranted. 
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IREDA - THE PIONEER PROMOTES 
\;_50_::,.1 -----=-

SOLAR PUMPING SYSTEMS FOR GREEN REVOLUTION 

PROFILE OF EXISTING USERS 

1209 Farmers, 68 Cooperative Societies, 285 Corporate Bodies 
94 Government Agencies & 314 NGOs 

Spread over 27 states and Union Territories in the country, all of rhese users have been enjoying 
power from the sun, through Solar Water Pumping Systems wirh financial assistance from IREDA. 

You too can join them. Ask IREDA for assistance. 

Pumping System 

GOLDEN OPPORTUNITIES 
IN THE 

GOLDEN JUBILEE YEAR 
TodaY, on the eve of 

Independence Day IREDA 
rededicates itself for promotion 

of solar power for farmers. 

Ministry of Non-Conventional Energy Sources, Government of 
India and IREDA invite participation from Manufacturers, 
Financial Intermediaries, Co-operatives, Corporate Bodies, 
Suppliers and Users in the National Programme on Solar 
Photovoltaic Pumping Systems. 

Soft Loan 

Interes t Rate 
Moratorium 
Repayment Period 
Subsidy 

,Depreciation 

- Rs. 50,0001- for 200 - 700 WP 
Rs. 1,20,0001- for 701 - 1100 WP 
Rs. 1,80,0001- for llOl - 1600 WP 
Rs. 2,50,0001- for 1601 - 2250 WP 

- 5% p.a. (to the end user) 
- 1 year 
- 10 years 
- @ Rs. 125/- per peakwatt subject to maximum 

RS.2,00,0001-
- 100% in the first year (for corporate bodies) 

IREDA also finances other renewable energy projects including Wind 
Energy, Solar Energy, Small Hydro Power, Bio Energy, Bagasse Based 
Cogeneration, Energy Efficiency & Conservation etc. with following 
attractive financing terms. 
o IREDA's Contributions Upto 90% 
o Rate of Interest 0% to 16% p.a. 
o Moratorium Upto 3 years 
• RepaymentPeriod Upto 10 Years 
* Special concessions to SC/STlWomen entrepreneurs and those setting up 

projects in North Eastern States, Hilly Areas, Islands, Estuaries & Desert 
Areas. Additional incentives arc,! also available subject to fulfilment of 
norms. 

IREDA invites your participation in the world's largest Solar Pumping Programme. 
for further details, kindly contact: 

Managing Director 

(5:J $~SU 
~UII!I:EIJ)~ 

Indian Renewable Energy Development Agency Limited 
(A ,Government of India Enterprise) 

India Habitat Centre Complex, Core-4A, East Court, 1st Floor, Lodi Road, New Delhi-110 003 
Tel: 4601344, 4642367, Fax: 91-11-4602855, E-Mail: gen@ireda1.g1obemail1.com 

Ministry of Non-Conventional Energy Sources, Govt. of India 
ENERGY FOR EVE R 



SPEC~AL LOW PRICE OFFER !FOR IND~VID.UALS 

AGROtech Books on Forestry, Energy, Soil Science, 
Horticulture, Extension, Biotechnology, Plant Protection, Animal Husbandry, 

Agronomy, Environment etc. 

.1. SOLAR DRYING SYSTEMS. B.K. Bala (1998) RS.7801 US 
$1201 

2. CHEMISTRY AND AGRONOMIC EVALUATION OF 
PHOSPHATIC FERTILIZERS. P.C. Gosh (1998) Rs. 
7801 
US $ 1201 (Individuals Rs. 200/-) 

3. SAPOTA, B.S. Chundawat Forwarded by R.S. Parods 
Rs. 4501 US $ 601 (Individuals Rs. 150/-) 

4. PRINCIPLES OF SYSTEM DYNAMICS, B.K. Bala, For­
warded by Donald R. Srew (USA). Rs. 7001- US $ 1001 ( 
Individuals Rs. 200/-) 

5. REVITALISING HEALTH THROUGH VEGETABLES. RA 
Rajul 1997/ Rs. 2001 US $301 (Individuals Rs. 80/-) 

6. DICTIONARY OF GARDENING. LL Somani/ 1999/ 
RS.7001 
US $ 100 (Individuals Rs. 200/-) 

7. KITCHEN GARDENING. SP Singhl 1997/ Rs. 2501 US $ 
40 (Individuals Rs. 80/-) 

8. FIELD MANUAL FOR WEED ECOLOGY AND HER­
BICIDAL RESEARCH. RA Rajul 1997/ Rs. 500/ US $70 
(Individuals Rs. 1801-) 

9. NUTRIENT MANAGEMENT IN FRUIT CROPS. BS Chun­
dawatl 1997/ Rs. 400/ US $ 60 (Individuals Rs. 150/-) 

10. ECOLOGICAL CRISIS & ENVIRONMENTAL PROTEC­
TION. PR Vyas & LL Somani (eds)1 1996/ Rs. 6001 US I 

$90 
11. SOIL CONDITIONERS AND AMENDMENTS. LL Somani 

& KL Totawat! 1996/ Rs. 6001 US $ 90 
12. EFFICIENT USE OF FERTILISERS. LL Somanil 1996/ 

Rs. 500/ US $ 70 
13. CROP PRODUCTION IN ACID SOILS. LL Somanil 

1996/ 
Rs. 400/ US $ 6e (Individuals Rs. 1201-) 

14. DICTIONARY OF IRRIGATION TECHNOLOGY & 
WATER MANAGEMENT. LG Somani/ 1996/ Rs. 500/ 
US $70 (Individuals Rs. 150/-) 

15. LIMING TECHNOLOGY FOR ACID SOILS. Somani et 
aLI 1996/ Rs. 4001 US $ 60 (Individuals Rs. 120/-) 

16. DICTIONARY OF APPLIED ENTOMOLOGY. LL 
Somani/1996/ Rs. 450/ US $ 60 (Individual Rs. 1501-) 

17. DICTIONARY OF PLANT NEMATOLOGY. MK Varma! 
1995/ Rs 2801 US $ 40 (Individuals Rs.120/-) 

18. DICTIONARY OF BIOTECHNOLOGY. LL Somanil 1995/ 
Rs. 6001 US $ 90 (Individuals Rs. 150/-) 

Outside India US S 

Order your requirement from (Regd. Post free) 
AGROTECH PUBLISHING ACADEMY 

19. FAVOURITE AGR_OFORESTRY TREES. SP Singhl 
1995/ Rs. 7001 US $ 100 

20. DICTIONARY OF SHEEP HUSBANDRY & WOOL 
TECHNOLOGY. LL Somanif 1994/ Rs. 280/ US $ 40 (In­
dividuals Rs. 100/-) 

21. FORESTRY FOR ARID REGIONS. NS Rathore, AN 
Mathur/19941 Rs. 2801 US $ 40 

22. HANDBOOK OF AGROFORESTRY. SP Singhl 1994/ 
Rs. 4001 US $ 60 (Individuals Rs. 1201-) 

23. INTEGRATED RURAL ENERGY PLANNING. NS 
Rathore et al. I 19941 Rs. 4001 US $ 60 

24. USE OF PYRITES IN AGRICULTURE. LL Somani/19941 
Rs. 3701 US $ 60 (Individuals Rs. 120/-) 

25. wfu Qft:mm CI5'm. (l('f (l('f. :cf)o:rr-GfT /19941 Rs. 3501 US $ 
50 (Individuals Rs. 801-) 

26. ECOLOGY AND BIOLOGY OF SOIL ORGANISMS. SC 
Bhandari & LL Somanil 19941 Rs. 5001 US $ 70 

27. ~ ~Tc'm !>I~lfJlCI'lI. ~j ~I 19941 Rs. 2001 US $ 
30 (Individuals Rs. 501-) 

28. DICTIONARY OF EXTENSION EDUCATION. SL Intodia 
et al./ 19931 Rs. 3001 US $ 50 (Individuals Rs. 1201-) 

29. MANAGEMENT OF SALT-AFFECTED SOILS & 
WATERS. LL Somani & KL Totawat (eds)/19931 Rs. 
7001 US $ 100 (Individuals Rs. 200/-) 

30. DICTIONARY OF PLANT BREEDING & SEED TECH­
NOLOGY. LL Somanil 19921 Rs. 300/ US $ 50 (In­
dividuals Rs. 1201-) 

31. DICTIONARY OF WEED SCIENCE. LL Somanil 19921 
Rs. 3001 US $ 50 (Individuals Rs. 120/-) 

32. PRINCIPLES OF VEGETABLE PRODUCTION. SP 
Singhl 19961 Rs. 4901 US $ 75 (Individuals Rs. 1801-) 

33. SEED PRODUCTION OF COMMERCIAL 
VEGETABLES. SP Singhl 19981 Rs. 8001 US $ 120 (In­
dividuals Rs. 2501-) 

34. TREE FARMING. SP Singh/199BI Rs. 500/ US $ 80 
35. ENTOMOLOGY AT A GLANCE. RC Saxena & RC 

Srivastava I 19971 Rs. 6001 US $ 90 (Individuals Rs. 
200/-) 

36. INSECTICIDES-TOXICOLOGY AND USES. HCL Guptal 
1998/ Rs. 600/ US $ 90 (Individuals Rs. 2001-) 

37. HANDBOOK OF EXTENSION EDUCATION. 
OS Rathore et al. I 1998 IRs. 250 US $ 40 (Individuals 
Rs.80/-) 

S.No. 2, 4, 6, 33, 34, 36, 37 In Press 

1-G-24 SECTOR-5 HIRAN MAGRI, (GAYATRI NAGAR) 
UDAIPUR - 313 002 (INDIA) PHONE: (0294) 484135 



THE INDIAN JOURNAL OF AGRICULTURAL SCIENCES 

GUIDELINES TO AUTHORS . 

The Indian Journal of Agricultural Sciences is published every month. The following types of material is considered for pUblication 
on meeting the style and requirements of the joumal (details in December 1996 issue). 
1.1 ARTICLES CoN ORIGINAL RESEARCH COMPLETED, not exceeding 4 000 words (up to 15 typed pages, including references, table etc) should 
be exclusive for the journal. They should present a connected picture of the invcstigation and should not be split into parts. Complete 
infonnation of Ph D thesis should preferably be given in I article. 
1.2 SHORT RESEARCII NOTES, not more than 1 300 words (totalS typed pages), which deal with (i) research results that are complete but do 
not warrant comprehensive treatment, (ii) descriptions of new material or improved techniques or equipment, with supporting data, and (iii) 
a part of thesis or study. Such notes require no headed sections. 
1.3 CRlTICN- RESEARCH REVlEW ARTlCLES, showing lacunae in research and suggesting possible lines of future work. These,are mostly 
invited from eminent scientists. 
1.4 The research article or note submitted for publication should have a direct bearing on agricultural production or open up new 
grounds for productive research. Articles on agricultural engineering are also considered. Basic type of articles and notes relating ~o investigation 
in a narrow specialized branch of a discipline may not form an appropriate material for this journal, nor do the articles of theoretical nature, 
or those of local importance, repetitive, based on old data, with no positive significance, or on extension education. 
1.5 Author should note: (a) period (years) of conducting the experiment must be indicated, (b) article should preferably be submitted 
soon after completion of experiment, (c) articles on genetics' and plant- breeding and on plant crops should be based on data of minimum 2 
years, (d) contribution involving a former or pres~rit student !TIust clarify that it is not based/based on complete M Sc thesis, or complete or 
a part of the Ph D thesis, 'indicating its year of submission, and (e) Article Certificate must be signed by all the authors. 
2.1 TlTLE should be short, specific and informative. It should be phrased to identify the content of the article and include the nature of the 
study and the technical approach, essential for key-word indexing and information retrieval. 
2.2 A SHORf TITLE not exceeding 35 letters should also be provided for running headlines. 

2.3 BY-LINE should contain, in addition to the names and initials of the authors, the place (organization) where research was .conducted. 
Change of address should be given as a footnote and correspondence address separately. 

3. ABSTRACT, written in complete sentences, should not have more than 150 words. It should contain a very brief account of the 
materials, methods, results, discussion 'and conclusion, so that the reader need not refer to the article except for details. It should not have 
references to literature, illustrations and tables. 

4.1 INTRODUCTION part shoulcl be brief and limited to the statement of the problem or the aim and scope of the experiment. The review of 
recent literature should be pertinent to the problem. Key words of the article should be given in the beginning. 
4.2 Relevant details should be given of the MATERIALS AND METHODS including experimental design and the teChniques used. Where the 
methods are well known, citation of the standard work in sufficient. Mean results with the relevant standard errors should be presented 
rather than detailed data. The statistical methods used should be clearly indicated. 
4.3 RESULTS AND DlSCUSS10N should be combined, to avoid repetition. 

4.4 The results should be supporte4 by brief but adequate tables or"graphic or pictorial materials wherever necessary. Self-explanatory 
tables should be typed on scparate ~hects, with appropriate titles. 

4,5 The tables should fit ,in the normal lay-out of the page. All weights and measurements must be in SI (metric) units. Tables and 
illustrations (up to 20% of text) should not reproduce the same data. 

4.6 The discussion should relate to the limitations or advantages of the author's experiment in comparison with the work of others. All 
recent relevant literaturl: should be discussed critically. 

4.7 Line-drawings should be clearly drawn (8.5 or 17 cm width) in black waterproof ink on smooth, tough paper. Minor points of style 
should be noted carefully. Photographs should be large, unmounted, glossy prints of good quality. They should be clear and relevant to the 
subject. Colour photographs may be sent for better identification or differentiation of different parts of the object. Line-drawings and 
photographs should have legends (typed). Original artwork should accompany 2 copies. Repetition in graphic and tabular'matter should be 
avoided. 

5 For citing REFERENCES a recent issue of the journal should be consulted, ensuring that the names and dates in the text and at the end -
correspond. Each citation should have the names of the authors, initials, year of publication, full title of the article, name of the journal 
(without abbreviation), volume, preferably the issue (within parentheses), and complete page-range (not merely the first page). Complete 
name of publisher and place of pUblication of books should be given. For proceedings or other publications complete details should be given. 

6 All articles are sent to referees for SCRLffINY, and authors should meet criticism by improving the article, indicating the modifications 
made (in separate sheet, 2 copies). 

7 Articles should be TYPEWRITTEN, and double spaced throughout (including by-line, abstract, references and tables) on white, durable 
bond paper of size 22 cm x 28 cm, with a 4 cm margin at the tdp, bottom and left. Articles should be sent in triplicate after checking 
typographical erroTS. , 

8 For WRITING, authors are requested to consult The Council v/ Biology Editors Style Manual, edn 4 (or later edition), American 
Institute of Biological Sciences, Washington DC. The language and spellings are followed as per British style, not American. 
9 PROOF-CORRECTION should be in ink, in the margin. All queries marked in the article should be answered, Proofs are supplied for a 
check-up of the correctness of type-setting and facts. Excessive alterations may be charged to the author. Proofs must be returned in time. 
10 Contributors will receive 48 copies of REPRINTS free (to be shared with the co-authors). 
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