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Influence of potassium and irrigation regimes on sheath moisture,
physiological parameters and cane yield
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Abstract: Experiments were conducted at Tamil Nadu Agricultural University, Coimbatore to study
the effect of potassium and moisture regimes on sheath moisture, physiological parameters and
canc yield. Four irrigation regimes and six levels of K application were accommodated in split
plot design, replicated thrice. Results revealed that sheath moisture content was optimum with
irrigation scheduled at 0.75 IW/CPE ratio during tillering and grand growth phase (I1). Even
with restricted irrigation regimes, there was optimum sheath moisture index of 80 1o 82 per
cent at carly growlh phase, 80 per cent at grand growth phase and 77 to 78 per cent at
ripening and maturity phases. Further reduction in irrigation level (I3), caused a reduction in
sheath moisture content and cane yield. The results on physiclogical parameters of sugarcane
revealed that irrigation scheduled at 0.75 IW/CPE ratio during tillering and grand growth phase
(I1) recorded higher DMP and LAL Under early drought conditions, application of 168 Kg
K,0 / ha or application of 112 Kg KO ha' + 2.5 per cent foliar spray of KCI at 45,
75 and 105 DP recorded more dry matter production (DMP) and leal area index (LAI).
(Key words : Sugarcane, Irrigation regimes, K application, Sheath moisture, Dry matrer production,

Leaf area index, Cane yield),

Sugarcane is an important cash crop in
Tamil Nadu. The total consumptive use of water
varies from 2000 to 2500 mm. Moisture variation
during the crop period, adversely affected the
growth and yield of sugarcane, Failure of monsoon
and non- availability of water with increased
atmospheric temperature aggravate the situation
worse especially during hot summer. The degree
of reduction  in cane yield depends on the
magnitude of drought and the stage at which
the crop experience drought, According fto
Parthasarathy and Perumal (1976), the moisture
index in the leaf sheath falls gradually from
85% to 80% when the crop is 6 to 8 months
old. Sinha (1978) indicated the favourable effecis
ol potassium application on leaf area and leaf
sheath moisture under moisture stress conditions,
which induced stomatal adjustments resulted in
improvement in growth and yield. It has been
estimated that about 250 t of water is required
to produce one ton of dry matter (ICAR, 1987).
Investigations carried out by a number of workers
{(Mohan Naidu er af, 1983 ) showed that moisture
variation adversely affected the growth and yicld
of svgarcane. With limited scope for further
exploitation and need for diversion of presently
utilized irrigation water to the expanding in-
dustries and cxploding population, there is greater
urgency for its efficient use. Efficient water

management has a decisive effect on the yield
attributing characters like germination, tillering,
cane height, leaf area, number of internodes as
well as cane and sugar yiclds. (Chavan er al.
1980). The role of K in water relation is well
recognized and late K application is being
advocated to minimize the effect of moisture
stress (Hunsigi, 1993). Sinha (1978) indicated
the favourable effects of potash application on
leaf area under moisture stress conditions, which
induced stomatal adjustments, resulted in im-
provement in growth and yield. Hence the present
study was undertaken to study the effect of K
application and irrigation regimes on sheath
moisture, physiological parameters like dry matter
production and leal area index and cane yield
under early drought conditions.

Materials and Methods

Field cxperiments were conducted with
carly maturing short duration CV. Co. 8021 during
1993 (lirst plant cane) and 1993-94 (ratoon cane
and second plant cane) at Tamil Nadu Agricultural
University, Coimbatore to investigate the cffect
of K application and irrigation regimes on sheath
moisture, physiological paramelers and cane yield.
The soil of the (first) cxperimental ficld was
clay loam in texture, classified as fine,
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Table 1. Sheath moisture (per cent) at 80, 135 DP and 180 DP

90 DP 135 DP 180 DP

Treatments ~ First  Ratoon Sccond  First  Ratoon Sccon First  Ratoon Sccond
plant crop plant plant crop plant  plant  crop .' plant-
cane cane  canc cane  cane - tane

Irrigation regimes : '
1 84,55 B5.72 8530 B84.44 86.32  B4.31 B4.61 B6.75  86.15

12 8046 8352 B3.20 BO.69  B3.65 B0.B2 81.37  86.34 . 85.36
13 7177 B378 8137 76.78 83.40 B0.56 7747 8471 8473
14 B2.46 8572 8522 8034 8627 84.61 83.03 8452 84,71
SE, 0.023 0.680 0.683 0.152 0560 0443 0.070 0492 0643
CD 0.056  1.663 1.671  0.371 1.36%  L.0BS 0.171  1.203 NS

K Application _

Ki 81.54 8470 8421  B80.18 8495 8285 B82.06 8554 8522
K2 8145 B470 8446  80.79 8496 8289 B1.8B8 B5.54 8525
K3 81.26  B4.69 B4.22 81.08 84.96 B2.69 81.18 8599 85132
K4 8133 8469 84.22 8178 8539 8244 8083 8564 85.2%
K5 81.51 8503 84.23 8178 84.86 82164 81.98 85.63 = 8528
K6 -~ 80,76 8430 8430 77.79 8433 81.93 81,78 8R.16 £5.04
SEd 0.726  0.644 0664 076" 0762 0.817 0728 0.666 0.639
CDh NS NS NS 1.542 NS NS NS NS N3

(Interaction effect was not significant except in second plant cane at 45 DP; and in first
plant cane at 90 and 135 DP)

Table 2. Sheath moisture (per cent ) at 225 and 270 DP

225 DP 270 DP
Treatments First Ratoon Second First Ratoon Second
plant cane crop plant cane  plant cane crop plant cane

Irrigation regimes

I 82.48 81.74 81.46 78.32 78.82 7639

12 81.93 81.33 81.25 71.38 77.69 75.86

13 78.16 8146 81.31 76.29 77.48 75.97

4 82.34 81.89 81.23 77.00 17.57 75.80

SE, 0.078 0.351 0.051 0.308 0.384 0.414

CD 0.190 NS 0.124 0.754 0.940 NS

K Application

Ki 80.99 81.4] 81.35 77.51 78.12 76.29

K2 81.49 . 82.00 81.31 77.42 78.17 76.36

K3 B1.24 81.54 81.39 77.36 78.17 76.34
- k4 81,31 81.54 81.36 76.77 78.18 76.22

K5 81.40 81.60 81.33 7130 0 7819 . 7601

K6 80.94 81.54 B1.14 77.13 76.52 74.81

SEd 0.473 0.681 0.040 0.412 0.890 . 0.698

CD NS -NS 0.081 0,834 1.799 NS

(Interaction effect was not significant except in second plant cane at 225 DP; second plant cane)
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Table 3. Dry matter production (t/ha) at 45, 90 and 135 DP

45 DP 90 DP 135 DP
Treatments First Ratoon Second First Ratoon Second  First  Ratoon Second
plant crop  plant  plant  crop plant plant crop  plant

. cane ‘cane  cane cane cane cane
Irrigarion regimes
I .15 123 112 255 278 2.74 8.16 8.69 878
2 1.07 121 1.04 241 270 2.62 8.05 852  B.38
3 093 1.24 1.01 220 270 2.62 7.85 852  8"9
14 115 122 103 244 279 6.75 8.24 8.60  8.82
SE, 0.006 1.005 0006 0011 0014 0.019 0020 0045 0.013
CcD 0016 0012 0015 0027 0095 0.047 0049  0.010 0.051
K application
Kl .04 1.23 .03 235 276 2.69 7.96 B.6S 853
K2 1.05 1.24 1.05 4.33 2.76 2.68 8.00 8.59 8.60
K3 .10 1.24 1.0 244 276 2.69 8.10 8.58  8.60
K4 1.18 125 .06 248 277 2.69 8.20 8.58  8.62
K5 112 1125 105 244 277 2.68 8.33 8.61 8.65
K6 096 1.12 1.0s 232 263 2.66 7.86 848  8.57
SEd 0.006 0011 0012 0012 0021 0023 0023 0077 0.075
cD 0.014 0022 0024 0024 0.042 NS§ 0.047 NS NS

(Interaction effect was not significant except in second plant cane at 45 DP; and in first plant cane at 90

and 135 DP)

montmorillonitic, isohyperthermic Ustropept. The
soil was fow in available N and high in available
P and K. The same field was maintained for
the ratoon cane without disturbing the layout.
The second experimental field (second plant cane)
soil was deep and sandy clay loam classified
as Calcareous Vertic Ustropepts . It was low
in available N, medium in available P and high
in available K. Experiments were laid out in
a split plot design, replicated thrice. Four irrigation
regimes were accommodated in the majn plots
(0.75 TW/CPE ratio during tillering and grand
growth period (I); 0.30 ITW/CPE ratio during
tillering and 0.75 IW/CPE ratio during grand
growth peried (L) 0.30 IW/CPE ratio during
tillering and grané growth period (L); 0.75 TW/
CPE ratio during tillering and 0,30 IW/CPE ratio
during grand growth period (I,). These main
plol treatments were super imposed with six levels
of K application (112 kg K,O/ha in three equal
splits at 30,60, and 90 DP (IDa}rs after Planting)
(K.): 56 kg K,O/ha at 30 DP and 56 kg KO/
ha around 60,90 and 120 DP(K): 56 kg KO
fha at 30 DP and B4 kg K.O /ha around ﬁ[}.ﬁﬂ
and 120 DP (K.): 56 kg K O/ha at 30 DP and
112 kg K.O [ ha around 60,90 and 120 DP
(K K, +25 per cent KCl'spray given at 45,75

and 105 DP (K.} and no K application (K.
Healthy two budded setts were prepared using
sharp knife. The cut ends were treated with
0.05 per cent carbendazim for 15 minutes. A
seed rate of 75,000 two budded setts ha' was
used for planting. Ratoon cane was maintained
after harvesting of first plant cane, withoul
disturbing the layout used for first plant cane,
in the subsequent season, after removing the
cane trashes from the field. Nitrogen as urea
and phosphorus as single super phosphate were
applied at the rate of 225: 62.5 kg /ha respectively.
Full dose of P was applied basally by placement
al the time of planting along the furrows. N
was applied in three equal splits around 30,
60 and 90 days after planting, followed by
irrigation. K as Muriate of Potash was applied
as per the treatment schedule. Totally 21 irrigation
for first plant cane, 24 irrigation for ratcon and
23 irrigation for second plant cane were given,
The sheath moisture contenl was recorded from
90 to 270 DP at 55 days interval. Leaf sheath
samples from the third to sixth visible dewlap
were removed from three plants at random from
each Lreatment at different stages of crop growth
and their total fresh weight were recorded immediately
using chemical balance. Then they were dried
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to a constant weight at 60°C = 5°C in an air
oven and dry weight was recorded. The loss
of moisture was reported as percent leal sheath
moisturc on the basis of fresh weight. Destructive
plant samples were separated into stem, sheath
and leaf, and fresh weight was recorded, Samples
were chopped into small pieces separately and
air-dried first and then oven dried at 60"C till
constant weight was obtained. Oven dry weight
of each sample was determined and total DMP
(t/ha) was calculated. The leaf area of the third
leal from the top was laken as the index leaf
in the main stem. Leafl length and maximum
width were measured and leal area was calculated
using the method:

Leaf area = Length x maximum width x 0.6274.
LAl was worked out using the formula,

LAI = Total leaf area (cm?) / Unit land area (cm?)

Table 4. Dry matter production (t ha')) at 180 DAP

K. Annadurai, SP. Palanlappan, R, Kavimani, P.M asilamani, T.N. Balasubramanian and G, Rangaraju

Results and Discussion
Sheath moisture

Sheath moisture index is the moisture
content of leal sheath expressed as - percentage
of green weight. An understanding of the moisture
relations of the cane is essential to crop control,
since water is the dominani component of the
plant and of the control system. (Clements and
Kubata, 1942). In this experiment; sheath moisture
content was optimum with irrigation -scheduled
at 0.75 IW/CPE ratio during tillering and grand
growth phase (I11) (Table 1 and 2). Even with
restricted irrigation regimes, there was optimum
sheath moisture index of 80 to 82 per cent
al carly growth phase, 80 per cent at grand
growth phase and 77 to 78 per cent at ripening
and maturity phases. Thus adequate supply of
moisture o meet the demand of water by cane

Treatments K1 K2 K3 K4 K5 K6. Mean
First plant cane (1993)
Il 5.53 5.60 5.06 5.62 5.82 5.61 5.64
12 15.45 15.56 15.62 15.61 15.62 15.28 15.52
3 13.46 13.25 13.51 13.56 13.48 13.48 13.4¢
14 13.71 13.59 13.79 13.88 13.96 13.71 13.77
Mean 14.54 14.50 14.65 14.67 14.72 14.52
Ratoon erop (1993-94) .
Il 16.09 16.07 16.06 16.10 16.08 5.72 16.02
12 16.03 16.05 16.06 16.06 16.07 15.74 16.00
I3 15.87 15.86 15.87 15.89 15.88 15.34 15.79
14 15.98 15.98 16.03 16.04 16.04 15.68 15.96
Mean 15.99 15.99 16.01 16.02 16.02 15.62
Second plant cane (1993-94)
Il 16.40 16.43 16.45 16.35 16.42 5.09 16.19
2 15.66 15.65 15.67 15,75 - 15.71 15.18 15.60
I3 15.55. 15.55 15.35 . 15.55 15.58 14,73 15.39
14 16.26 16.32 16.30 16.32 16.35 15.32 16.14
Mean 1597 1599 15.94 15.99 16.02 15.08
First plant cane - Ratoon crop Second plant cane
SE, CD SE, CD SE, CD

Source 0.049 0.120 0.018 0.044 0.088 0.216

0.128 0.258 0.010 0,021 0.114 0.230
latK 0.238 0.485 0.026 0.058 0.226 NS
Kal 0.255 0.515 0.020 0.041 0.228 NS
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“Table 5. Dry matter production (t ha')) at 225 and 270 DP and harvest

225 DP 270 DP Harvest
Treatments First Ratoon Second First Ratoon = Second . First  Ratoon Second
' plant  crop  plant  plant  crop plant plant crop  plant
cane cane  cane cane cane cane
Irrigation regimes

11 © 2459 2432 2253 3181 3053 29.22 3282 33.18 32.68
12 24.06 2425 2186 3142 3070  29.19  30.61 32,13 31.67
13 2225 22,15 2063 2951 28.06 . 27.17  28.65 3119 30.07
14 2199 2211 2185 2946 29.25 28.89  3LI1 3200 32.32
SE( 0.148 0238 0122 0063 0.140 0221 0444 0216 0.204
(0h] 0363 0582 0298 0154 0342  0.541 1.086 0530 0.499

- K Application , '
K 23.19 2321 2172 3058 2982 2878 3092 3234 31.5]
K2 2323 2332 2170 3059 29.82 2876 3073 3215 31.52
K3 2353 2322 2167 3050 2998 2889 3105 3235 31.58
K4 2353 2323 2172 30.82 29.85 2869 3097 3236 31.86
K5 2343 23,15 2172 30.80 2970 2873  31.58 3238 31.70
K6 2241 2320 21.76 2999 28.64 2785 2954 3172 300
SEd 0314 0176 0201 0423 0243 0271 0444 0249 0272
CD 0634 NS NS NS 0491 0549  0.898 NS 0.549

(Interaction effect was not significant)

Table 6. Leaf area index at 45, 90, 135 and 180 DP

45 DP 90 DP 135 DP 180 DP

"Treat-  First Ratoon Second First Ratoon Second First Ratoon Second First RatoonSecond
ments* plant crop plant plant  crop plant plant crop plant plant crop plant
cane -~ came  cane cane  cane cane  cane cane

Irrigaion regimes -
Il 135 132 LIS 180 183 L76 251 263 3101 330 374 381

12 128 132 L1317 175 L71 245 252 308 329 370 375
B 126 131 109 170 174 1.69 242 252 308 315 3.67 3.70
14 133 132 113 177 182 L74 249 261 3.1 325 370 3.82

SEd 0.004 0.005 0.114 0,007 0.010 0014 0.001 0.012 0016 0.015 0.034 0.030
- CD 0010 NS NS 0016 0025 0035 0004 0029 NS 0036 NS 0073

K Application

Kl 128 133 L14 L79  L73 244 258 3.0 325 371 379
K2 130 131 114 173 179 173 246 257 310 327 372 378
K3 131 132 L4 176 179 173 248 258 310 325 371 378
K4 134 132 115 1.8 179 172 250 259 310 326 371 377
K5 133 133 112 179 180 174 249 259 311 326 372 378
K6 126 130 106 170 176 170 242 252 308 321 366 374
SEd 0004 0013 0137 0017 0011 0014 0022 0020 0.022 0.026 0036 0.03]
CD 0008 NS NS 0035 NS NS 0044 0040 NS NS NS NS

- (Interaction effect was not significant except at 45 DP in first plant cane)
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Table 7. Leaf arca index at 225, 270 DP and harvest.

225 DP 270 DP Harvest

Treatments First Ratoon Sccond First Ratoon Second  First  Ratoon Second -

plant.  crop  plant  plant  crop plant plant crop . plant

cane canc cane canc canc ~cane
Irrigation regimes
I 383 4.00 3,77 3.50 345 3.35 3.21 3.12 3.17
12 380 390 3.95 3.51 3.40 3.38 3.16 3090 | 3.1
13 362 AT 3.74 3.32 3.34 3.29 3.16 3.10 3.08
14 370 3T 3.76 342 3.40 3.33 3,20 3.10 3.11
SEd 0,023 0204 0.020 0006 0.020 0.012 0004 0012 0018
CD 0.056 0.499 NS 0.014 0.048 0.030 0.010 NS 0.044
K Application
Kl 375 413 3.77 345 3.42 3.34 8 -3.09 312
K2 377 . 371 336 347 34l 3.35 3.8 309 312
K3 375 372 3.76 3.43 3.40 3.35 3.19 3.12 312
K4 376 372 3.76 3.47 3.40 335 3.19 3.10 313
K5 375 371 375 344 341 3.36 3.20 310 314
K6 364 370 374 337 336 3.27 3.16 3.08 0 3.07
SEd 0030 0243 0031 0009 0.024 0.029 0,003  0.030  0.020
CD 0.061 0491 NS 0.018 - NS NS 0.005 NS 0.041

(Interaction effect was not significant except at 270 DP and at harvest in first plant) |

was ensured even at these levels. Halias (1951)
considered leaf sheath moisture index of 85 per
cent for the first six months with gradual fall
to 73 per cent at harvest was ideal. Adequate
irrigation provided in I would have resulted
in increasing the uptake of moisture and thus
maintaining the required leaf sheath moisture
at all the growth phases. Maintaining the leaf
sheath moisture at 80 to 86 percent in the formative
phase in I, and I, probably resulted in better
cane growth as reflected in increased cane elongation;
at 80 to 82 percent at grand growth phase leading
to higher cane thickness and internode elongation
and at 76 to 78 percent at maturity phase resulting
in higher cane yield and better sugar accumulation.
.Srinivasan and Mariakulandai (1972) stated that
the sheath moisture content of 74 to 76 per
cent was optimum, obtainable by irrigation at
wilting point during maturity phase.

Dry matter production

Cane dry matter production was influenced
by irrigation levels at all stages of observations,
Dry matter production increased rapidly in the

early period and the rate of increase decreased
at later growth periods, Irrigation scheduled
at 0.75 IW/CPE ratic during tillering and grand
growth period (I) had a favourable influence
on DMP at all stages, in all the three canes,
compared to other imigation levels (Table 3-5).
There was a reduction in DMP in I3 irrigation
regime (0.30 IW/CPE ratio during tillering and
grand growth period). Soil moisture stress during
the early growth phase retarded the growth and
reduced the DMP. The water consumption by
canc . in relation to DMP varied -greatly with
levels of moisture maintained at different growth
stages (Prasad, 1976). Levels and mode of K
application influenced DMP only in same stages
of the crop growth over no K application. The
interaction effect between irrigation regimes and
K application was significant only on 90, 135
and 180 DP in the first plant cane, 180 DP
in ratoon and 45 DP in second plant cane. Among
the K levels, application of 168 Kg KO
ha' or 112 Kg K,0 ha' + 2.5% KCI spray
recorded more DMP than other levels. The plant
under water stress condition, when sprayed with
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“Table 8. Cane yicld (t ha'!)

Treatments K . K, K K, K, K, Mean
Plant cane (1993) .

BE 120.6 122.7 125.2 128.1 120.9 114.3 121.9
12 1149 115.5 116.8 116.2 118.3 109.6 115.3
13 109.8 1103 110.5 111.1 114.8 101.6 109.7
14 119.4 119.5 120.8 121.3 123.5 110.6 119.2
Mean 116.2 117.0 118.3 119.2 119.5 109.1

Ratoon cane (1993-94). '

| B 116.3 115.4 117.1 115.8 116.7 112.1 115.6
12 Ili].ﬂ 110.7 111.8 111.2 110.9 108.0 110.6
13 108.9 109.0 100.3 110.1 110.4 104.8 108.8
14 113.1 114.1 112.8 114.0 114.3 108.7 112.8
‘Mean 112.3 1123 112.8 112.8 113.1 108.4

Plant cane (1993-94)

11 107.8 106.8 106.3 109.6 107.2 101.8 106.6
12 101.4 100.0 99.7 101.8 101.8 97.2 100.3
13 97.9 - 99.3 99.3 00.0 101.5 95.1 98.9
14 101.8 101.9 100.8 102.1 102.0 0%.1 101.1
Mean 102.2 102.0 101.5 103.4 103.1 98.1

Source Plant cane (1993) Ratoon Plant cane (1993-94)

SEd CD SEd CD SEd CD

I . 0.258 0.630 0.698 1.709 0.303 0.741

K 0.911 1.841 0.870 1,757 0554 . 1.120

latK 1.683 3.478 1.734 NS 1.056 NS

Katl 1.822 3.682 1.739 NS 1.108 NS

KCl, recovered their turgidity as well as nitrate
reductase aclivity with in one hour thereby
indicating that K might have an indirect effect
on plant metabolic processes (Rajagopal etal,
1977),

. Leaf area index

The leaf area index recorded on 90,180,

270 DP and at harvest was conspicuously influenced
by irrigation regimes in all the three canes.
Irrigation scheduled at 0.75 IW/CPE ratio during
tillering and grand growth phase (1) recorded
higher leaf area (Table 6 & 7 ). The increase
in leaf area was due to adequate availability
of soil moisture in I regime that helped the
crop to take up higfmr quantity of nutrients
needed for growth. This resulted in greater leaf
area under adequate irrigation. Similar result was

reported by Barnes (1964). Increase in leaf area
was brought about by increase in length and
breadth of the cane leaves as a result of higher
moisture levels (Singh 1972 and Singh, 1977).
The leaf area index enhanced with crop growth
under normal irrigation, while drought caused
reduction in leaf area.

Cane yield

Canc yield was greatly influenced by
irrigation levels and mode of K application in
all the three canes. Highest cane yield was recorded
with irrigation scheduled at 0,75 TW/CPE ratio
during tillering and grand growth period (1),
Desirable plant water relations maintained in the
irrigation regime I, contributed to increased cane
yield. Reduction in irrigation level (1), caused
a reduction in sheath moistore content and cane
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yicld, Sheath moisture at all stages had very
strong posilive carrelation with cane yicld. Reduclion
in" cane yicld recorded with restricted irrigation
regime of 13 was probably due to five percent
reduction in sheath moislure content at formative
and grand growth phases resulting in poor tillering
and reduced NMC with lighter cancs, (Table
8). Among the K levels, K5 (112 kg KO
ha! + 2.5 per cent KCI spray given at 45, ¥s
and 105 DP recorded higher canc yield than
other treatments, This might be due to the
fact that the foliar KC| spray reduced the
transpiration loss and obtained the turgidity of
plant cells, even when K supply from the soil,
and through fertilizer and irrigation water was
adequate.

From this experiment, it is suggested that
sheath moisture content was optimum with irrigation
scheduled at 0.75 IW/CPE ratio during tillering
and grand growth phase [Il}. Even with restricted
irmigation regimes,. there was optimum sheath
moisture index of 80 to 82 per cent at early
growth phase, 80 per cent at grand growth phase
and 77 to 78 per cent at ripening and malurity
phases. Further reduction in irrigation level (I3},
caused a reduction in sheath moisture content
and cane yield. The results on physiological
parameters of sugarcane revealed that irrigation
scheduled at 0.75 IW/CPE ratio during tillering
and grand growth phase (I1) recorded higher
DMP and LAl Under early drought conditions,
application of 168 Kg KO / ha or application
of 112 Kg K,O ha" + 2.5 per cent foliar spray
of KCI at 45, 75 and 105 DP recorded more
dry matter production (DMP), leaf area index
(LAI) and cane yield.
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