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Studies on the interaction effect of tillage, organics and nitrogen on
root length, root volume and yield of sorghum in subsoil hard pan soils

BRMWﬂN D.SELVI AND N.CHANDRASEKARAN
Dept. of Soil Science and Agrl. Chemistry, Tamil Nadu Agrl. Univ,, Coimbatore - 641 003, Tamil Nadu

Abstract: A ficld experiment was carried out with sorghum (CO 26) in an Alfisol
having hard pan at shallow depth lo study the interaction effect of tillage practices,
organics and nitrogen on grain yield and root volume of sorghum. Remarkable influence
ol chiseling on the root length and root volume of the sorghum crop was evidenced
from the better proliferation of roots in to the deeper layers. Root length increased
with increasing levels of N, while organics had no effect on root length. Chiseling
significantly increased the grain yield of sorghum. Among the organics, the composted
coir pith registered the highest prain yield of sorghum. The grain yield of sorghum
due to chiseling and 75 per cent of the recommended N was on par with the mould
board or country ploughing with 100 per cent recommended N indicating the scope

of saving 25 per cent fertiliser N.
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Introduction

' Soils with sub soil hard pan reduce the
growth and yield of crop by restricting the
toot growth, movement of water and nutrients,
aeration, drainage etc. The reduction in yield
levels varies depending upon the depth of hard
pan, which determines the volume of soil
available for root exhaustion, Yield reduction
in sorghum and maize were reported in red
sandy soils, where the sub soil hard pan exists
(Gupta and Satyendra Kumar, 1994). Deep
tillage in coarse textured soils induces prolific
and deeper root system (Chambers et al. 1990)
and thus, increases the water supply. Poor root
growth accentuates the water stress effects.
Adequate root growth is dependent on soil
physical and chemical environments such as
soil compaction, soil strength, amount of water
and nutrient supply, soil temperature and depth
of water table (Das er al. 1995). The current
study, therefore, was undertaken to evaluate
the extent of effect of tillage, organics and
N levels on root volume and yield of sorghum

crop.

Materials and Methods
A field experiment was conducted for
wo seasons in succession during 1996-97, to

study the effect of tillage and organics on
(Dichanur series - Typic

RS - Aalaae Taarm

. Haplustalf), reddish brown soil having sub soil

hard pan at shallow depth (at 15 cm) in the
farmer's field at Nachipalayam village of
Madukkarai block of Coimbatore district on
sorghum crop. The analysis of initial soil
samples showed that the bulk density was 1.45
Mg m? in surface layer, whereas the bulk
density was much higher in 15 - 30 cm (1.81
Mg m?) and 30 - 45 cm (1.84 Mg m?) depths.
Contrary to this, the hydraulic conductivity
was very high in surface layer (2.38 cm
h') compared to other two depths (0.30 and
0.38 ecm h'). The infiltration rate was found
to be 0.62 cm h'. The soil was tested to
be neutral in reaction (pH : 7.1) with a EC
value of 0.42 dSm'. The organic carbon content
was 2.1 g kg' and KMnO, oxidisable - N,
Olsen - P and NH,OAC - K status of the
soil were 142, 7.3 and 112 kg ha' respectively.

“ The iron and alumuniom oxides were found

to be high. The mechanical analysis of the
initial soil revealed that it contained 23.42
% clay, 12.28 % silt, 9.78% fine sand and
52.68% coarse sand. The following treatments
were imposed in a split plot design and the
27 treatment combinations were replicated
thrice. The main plot treatments were (type
of tillage) viz. T, - Country ploughing twice;
T, - Mould board ploughing twice ; T, - Chiscl
ploughing oncc + couintry ploughing twice ;
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Table 1. Effect of tillage, organics and levels of N on root Jength (cm) at different stagas'(spfgl:m.m)

NI

Treat- N,
ments

Mean N, N, N, Grand

9.25
15.65
23.00
27.35
28.80
29.70
29.95
30.75

24,31

8.40

19.30
24.20
31.60
32.40
33.20
33.45
33.50

27.00

8.55
2295
33.70
41.40
49,10
50.95
51.20
5145

38.66
12099

8.60
16.35
20.55
26.75
28,60
30.65
31.55
30.55

24.20

8.15
18.75
23.35
31.40
33,55
33.90
34.25
34,95

27.28

290
22,90
31.75
41.90
48.30
50.20
51.30

50.9

38.26
29.92

8.92
15.86
21.37
27.43
28.83
20.83
30,13
30.07

24.03

8.70

18.42
25.12
31.42
32.13
32.38
33.05.
32.88

26.76

8.37
23.60
33.55
4278
47.55
50.30
50.88
5143

38.55
29.78

9.30
15.95
21,40
28.25
29.00
30.00
30.20
30.10

24.27

8.95
i8.05
25.60
32.05
32.40
32.30
33.60
34.25

27.09

8.25
24.15
33.20
43,70
47.65
51.00
50.65
51.25

38.73
30.03

9.10
15.90
21.80
27.30
28.65

"30.05
30.35
30.05

24,15

8.520
19.10
25.05
31.00
32.00
32.70
33.20
33.15

26.84

8.45
23.90
34.55
42,20
47.80

.50.80
52.10
52.05

38.98
29.99

8.35
15.20
20,90
26.75
28.85
29.45
20.85
30.05

21.67

8.65
18.10
24.70
31.20
32.00
32,15
3235
31.25

263

8.40
2275
32.90
4245
47.20
44.10
49.90
T358 5100

Mean 37.96

Grand 20.31
Mean

TI151
T152
T153
T154
TIS5
T156
T1S7
TIS8

Mean

T2S1
T252
T283
T254
T285
T256
T287
T258

Mean

T3s1
T352
T353
T354
T385
T386
T387

T M N
0.21 . 0.17
0.48 NS 033

SEd
CD (P=0.05)

. 30.85

2315

+ 51,30

8.65
16.95
21.30
25.95
27.30
30.20
31.35
31.35

24.13

8.30
18.45
23.30
3110
33.20
33.65
34,65
34,25

27.11

9.20
23.80
31.90
41.80
49.05
4985
53.10
53.30

39.0
30.08

8.70
16.30
22.75
27.30
28.85
29.95
30.35
30.95

24.39

8.20
18.80
24.45
30,95
32.80
33.15
33.40
34.55

27.04

8.95
23.80
32.35
42.70
48.70
51,65
52.05
5225

39.06
30.16

8.55

16.45
22.47
25.28
2835
29.78
30.97
31.28

2417

832
20.12
24.03
31.37

3263
33.57
34.10
34.47

27.33

0.05
23.68
32.53
41.97
48.72
50.87
52.40
52.70
38.99

3017

830
16.10
23.35
22.60
28.90
29.20
31.05
31.55

23.88

845
23.10
24.35
32.05
31.90
33.90
34.25
34.60

27.82

9.00
2345
3335
41.40
48.40
51.10
52.05
52.55

3820
29.97

8.35
16.95
23.70
28.35
29.15
30.20

8.73
16.32
2242
27.48
28.85
30.18
30.78
30.55

24.41

8.20
19.10
24.00
31.93
3335
33.83
33.88
34.08

27.20

8.75
23.00
33.13
41,77
48.95
50.68
52.07
51.22

38,70
30.14

8.73
16.15
22.08
26.73
28,68
29.93
30.62
30.63

24,19

8.40
19.21
. 24.38
31.57
32,70
33.26
33,67
33.81

27.13

872 .
23.43
33,07
42.17
48.41
50.62
51.78
51.78
38.75

30.35
24,74

8.05
19.25
24.45
32.80
34.10
34,40
33.95
33.80

27,60
8.80

33.95
42.00
49.45
50.90
53.70

38.16
30.50
5 Ton S

0.27 0.47
0.54 0.93

S on
0.47
0.93

and source of organics viz. ; M, - No organics ;
M, - Farm yard manure @ 12.5 t ha' ;

- Composted coir pith @ 12.5 t ha'. The
sub plot treatmetns were N, - No Nitrogen ;
N, - 75 % of the recommended N ; N, -
100 % of the rcommended N. There were
eight stages of sampling viz. §, - 15 DAS;
S, - 30 DAS ; §, - 45 DAS ; §, - 60 DAS;
S, - 75 DAS ; §, - 90 DAS ; S, - 105
DAS ; 5, - At harvest.

4
Tillage treatmenis were done as contem-
plated in the experiment. At the time of seeding,

-

50% of N, full dose of P and K in the form
of urea, single super phosphate and muriate
of potash, respectively were applied basally.
The remaining half dose of N was top dressed
at 45 days after sowing. The farm yard manure
and composted coir pith were applied basally
and incorporated thoroughly in the top soil
@ 12.5 t ha'! as per the treatment schedule,
15 days before sowing.

Root samples were collected at 15 days
interval, by removing the soil around the selected
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I‘a!:-_]t: 2, Effect of tillage, organics and levels of N on root volume (cm?) at different stages (sorghum)

M1 M M'flJ
Trea= N, N, N, Meam N, N, N, Mem N, N, N, Mem Grand
a?mnls mean
TiS! 1.81 ]._31 190  1.84 1.85 1.03 204 .94 178 186 1.87 184 187
TIS2 259 254 261 258 253 258 258 256 252 264 254 257 - 257
TIS3 620 616 602 613 669 505 622 629 595 624 603 607 616
T154 11.15 1078 1207 1133 10,15 1107 1174 1099 1091 1247 1257 1198 1143
TISS 1118 1166 1213 1165 1L16 1111 1167 1131 1075 12.64 1259 1199 11.65
TIS6 9.85 940 974 966 939 962 946 949 024 913 94] 626 947
TIS7 945 903 0937 02§ B82 919 924 908 9,17 814 874 868 9.0
TiSE B§48 8§57 865 B8 864  8.57 B.29 850 819 802 897 B39 B4
Mean 759 749 781 763 740 7.8 7.65 752 731 714 627 750 758
T251 188 190 2.05 1.94 1.95 1.92 2.04 1.97 1.98 1.89 1.99 1.95 1.95
T252 201 290 301 294 2.93 2.86 2.87 289 291 285 295 2% 291
7283 711 7.3 0 00 1l 7.09 720 7.03 711 721 747 715 718 713
4 1175 1246 1408 1276 11,55 1266 1333 1251 1142 1228 1287 1219 1249
285 13.06 1355 1262 13.08 1278 1324 1342 1315 1L59 1260 13.50 12,56 12.93
"155 10,19 10.44 1005 1023 1012 1122 1L13 1082 987 1054 10,12 10,18 1041
987 083 996 973 9.84 944 10,19 1018 994 913 955 911 926 968
r"-.‘?SS 9.12 978 917 G 36 0,50 9,19 0.03 074 909 920 912 914 9325
_Mean 8.23 B.52 3.43_1 8.41 E.17 §.56 8.63 B.45 700 826 835 8.17 B.34
T351 192 1.97 1.82 1.94 1.82 1.98 1.83 1.91 1.83 1.81 1.96 1.87 1.91
T352 4.01 406 407 404 3.96 4,15 412 408 399 411 403 404 407
T3S3 970 994 1029 098 987 1015 1112 1038 1012 1135 1147 1098 1045
TeS4 18.10 -18.45 19.60 1872 1730 1990 20.85 1935 1002 11.35 1147 1098 1045
Ti85 1946 21.62 2048 2052 1 816 20029 21.12 1986 17.91 2148 2192 20037 20.25
Tis6 1571 1610 16.97 16.26 1625 1697 1712 1678 1512 1495 17.00 15.85 16.29
T397 1471 15.65 1567 1534 1470 1572 1547 1530 1396 1423 1550 1459 1508
T3S 14.06 13.80 14,74 1420 13.05 1409 1441 1385 1266 1381 14.65 1371 13.92
Mean 1220 1269 1296 1263 1189 129 i 1326 1268 1148 1269 1341 1254 12.62
Grand 9.34 0.57 9.75 8.56 9.15 0.55 8,85 0.55 200 035 934 943
mean
T M N ] Ton S SonT Ton S SonT  NxS
SEd 0.08 - 0.08 013 (.14 0.14 0.22 0,23 0.23
CD (P=0.05) 0.19 NS 26 0.30 028 El'.4_? 0.47 0.46 0.46

plants using spade to the required depth. Then
the plants with the mass of soil were put
in a drum of watér to remove the soil, After
washing, the root samples were dricd under
shade and used for measuring its length and
volume. The volume of the rool was measured
by the method of displacement, when l@m root
bunches were immersed in water contained in
a measuring cylinder (Jene er al. 1980). All
the plants of the lest ¢rop from the net plot
were harvested and the treatment wise yield

of grain and straw in sorghum were recorded
and the data were subjected to statistical scrutiny
(Panse and Sukhatme, 1978).

Resulls and Discussion
Root Length
The data on root length measured at

* different stages indicated that chiseling the ficld

had a significant positive influence on root
length (Table 1). Tt has registered the highest
value of 38.75 cm followed by mould board
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jloughing treatment (27.13 cm) and the lowest
oot length of 24.19 cm was registered under
;ountry: ploughing treatment. Amaong the levels
of N, application of 100 per cent recommended
iose (N,) registered the highest value but was
:omparable with 75 per cent recommended dose
(N,). The N, level was inturn comparable with
sontrol (N)). The last stage (S;) was found
o record the highest value but on par with
‘he preceding stage (S.). The root length
increased along with the stages. The manurial
treatment did not influcnce the length of the
roots. The interaction effect of T x S indicated
that irrespective of tillage treatments, the highest
value was registered at harvest. However, in
chiseling, upto seventh stage the root lengths
were significantly superior over the preceding

stages; the stages S, and S, were comparable,

whereas in other two tillage treatments, the
oot lengths were significantly higher upto the
irst five stages than the preceding stages, and
lereafter they were on par with each other.
In first stage (S,), the different tillage treatments
tid not influence the root length. Aftermath,
the chiseling was found to influence the root
length significantly upto last stage followed
by mouldboard ploughing. The lowest values
were registered under country ploughing treal-
ment in all- stages.

Roar Volume

The results pertaining to the root volume
of sorghum crop (Table 2) indicated a similar
irend as that of the results of root length
with regard to main effects and also the
interaction effect of T x S. The T x N interaction
revealed that irrespective of lillage treatments,
N, level increased the root volume, In chiseled
plots, the N, level was significantly superior
over other levels, whereas in mouldboard
ploughing and country ploughing treatments,
N, and N, levels were on par with each other
but significantly higher than control (N,). In
all the three N levels, chiseling was found
to be significantly superior followed by mouldboard
ploughing which infurn superior to country
ploughing. The S x N interaction revealed that
irrespective of the N levels, the ool volume
increased with advancement in stages. In almost
all the stages, 100 per cenl recommended N
(N,) registered aumerically higher values followed

85

by N, and N, levels. All the three levels were
comparable among themselves.

The rooting pattern viz. length, volume
and distribution is a function of resistance
offered by the soil to the growing roots. The
resistance of the soil is governed by texture
and structure which influences the various
physical parameters of the soil. A compacted
layer not only results in the decrease of pore
space, but also reduces the size of pores and
thus offers increased resistance to the penetration
of roots (Bodman and Constantin, 1965). The
rooting pattern was also influenced by soil
strength which was found to increase with
increase in bulk density and soil moisture tension
(Taylor er al. 1966).

In general, roots grow in macropores
(Hatano e al. 1988). The soils having hardpar
did not have optimum ratio of macro anc
micro pores. This might be due to the highe
bulk density resulting in reduced non capillary
porosity which hampered the root proliferatior
culminating in lower grain yield. In the presen
experiment, the root length and root volumc
of sorghum crop was monitored at 13 day:
interval to substantiate the above conclusions
The results clearly indicated the positive
influence of chiseling as compared to othe
tillage practices in increasing the root lengtl
and root volume irrespective of stages (Sundan
Sarma et al. 1978). The root length increase:
with increasing level of nitrogen application
The root volume increased linearly will

_increasing levels of N possibly due to highe

N availability. Further, this effect of nitroge:
application was perceptible only in chisele
plots, which might be due fo the favourabl
environment created for the efficient utilisatio
of applied N in comparison with other tillag
treatments  (Sarkar er al. 1989).

Grain Yield

The grain yield data revealed that amon
the tillage Ircatments, chiseling registere
significantly higher grain yield of 3948 k
hat followed by mouldboard ploughing (356
kg ha') while the lowest yield of 3506 k
ha! was recorded under conntry ploughin
treatment  (Table 3). Among the differes
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munures tricd, composted coir pith registered
the highest yicld of 3860 kg ha”' which was
sipnificantly superior over the other two
treatments. The control registered the signifi-
cantly lower yield of 3452 kg ha' as compared

to farm yard manure treatment (3527 kg

ha'). The perceptible influecnce of increasing
N levels on the grain yield has been clearly
found with increasing yield. The N, level
repistered the highest grain yicld of 4068 kg
ha' followed by N, level (3870 kg ha'), The
lowest vield of 3077 kg ha' was registered
in control treatment (N ). The interaction effect
of T x M showed thal irrespective of tillage
treatments, composted coir pith recorded sig-
nificantly superior yield followed by farm yard
manure. Control recorded the lowest grain yield.
In all the organic manure trealments, chiseling
registered markedly higher grain yield compared
to other tillage treatments. Mould board
ploughing and country plonghing treatments
were found to be on par with each other
The interaction cffect of T x N indicated that
irrespective of tillage treatments, N application
had a signilicant positive influence. The N
treatment recorded markedly higher yield followed
by N, and N, treatments. Irrespective of N
levels, chisel ploughing influenced the grain
yield significantly than other two tillage
treatments. The M x N interaction revealed
that irrespective of organic manures, N
application at higher dose recorded significantly
higher grain yield than the lower levels.
Irrespective of N levels, composted coir pith
increased the sorghum grain yield significantly
followed by farm yard manure. The lowest
yield of grain was rgistered under control
(reatment.

Straw  Yield

The results of the straw yield of sorghum
showed that neither the various tillage treatments
nor the organics treatments influenced the straw
yield. However, the N levels had a significant
effect (Table 4). Among the N levels, 100
per cenl recommended dose (N,) registered the
highest straw yield of 14,293 kg ha' followed
by N, treatment (13,576 kg ha'). The lowest
straw yield of 12,004 kg ha' was recorded
in control treatment (N,). The interaction effect
of T x N showed that irrespective of tillage

B. Rajkannan, D. Selvi and N, Chandrasekarar

treatments, higher level of N application’ (N,)
registered significantly higher straw yield followed
by lower levels (N, and N,). The N, recorded
the significantly lowest value than N, level,
Under each level of N application, all the
tillage Ircatments bebaved similarly,

Providing favourable condition for the
better growth of crops by way of deep tillage
practices, addition of organics and adequate
nutricnt supply improves the yield levels of
crops. In the present study, chiseling the seil
resulted in spectacular increase in grain yield
of sorghum (3948 kg ha') which might be
due to the favourable physical environment
provided for the crop growth. The works of
Gupta and Abrol (1993) and Gupta and
Satyendra Kumar (1994) also confirmed the
above finding. Besides, chiseling also improved
the nutrient and water movement thereby
increasing the nutrient uptake by the crop. The
increased grain yield (3830 kg ha') registered
in the plots that received composted coir pith
might be due to its manurial value under the

. favourable physical environment. As could be

expected, increased N availability with increased
levels of N influenced the ‘grain yield sig-
nificantly. It is interesting to note that chiseling
along with 75 per cent recommended N
registered the yield on par with the treatment
receiving 100 per cent recommended N along
with mouldboard or country ploughing, and
adoption of this technology can help in the
saving of 25 per cent of fertiliser N. This
might be due to the chiseling, that would have
created a favourable physical environment for
the increased mineralisation and mobility of
fertiliser N resulting in higher uptake and
enhanced grain vyield.

The organic manures applied at the rate
of 12.5 t ha' also increased the grain yield,
which might be due to the favourable physical
environment created due to application. In the
present study, remarkable effect of chiseling
on the root length and root volume of the
sorghum crop is well evidenced from the better
proliferation of roots.
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