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“Tuber yield of potato as influenced by planting dates and mulches
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ABSTRACT

Ir coastal Orissa, atter khairf rice, farmers do not get good potato yield
because of prevailing unfavourable thermal gnvironment during sowing ard
harvesting periods. Feasibility of grewing potato late in the seasan by modifying
micro enviranment with arganic mulching was studied. Biomass, crop growth
rate, photosynthesis were found to be the highest when sowing was dons
during last week of October and mulch was applied during first garthing up.
Significant difference in biomass, tuber production and water use efficiency
was observed between mulch and non mulch plots when sowing was completed

weithin first fartnight of November.
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In coastal Orissa, December is the
coldest month with mean maximum and
minimum temperature of 27.5% C and
15.9° C. respectively. In general for Lharif
crop cultivation, in these regions lemperature
15 nol a constraint. but under normal
conditions, rapid rise of temperature in
February is a constramt for many cold
sensitive rabi crops like potato, wheat,
barley, chick pea, Brussica ete. Being a
temperate crop, potato growth and yield are
highly affected by higher temperature,
specially mean temperature above 17°C
iMendoza and Estrada, 1979), Polato is
grown in the countries where day length is
13 to 17 hours, average temperatures prevails
around 137 to 18°C and runfall or irrigation
provides ample water supply (Ben Khedher
and Ewing, 1985). Tuber initiation and bulking
of potato are favored by temperature helow
0°C ( Borah and Milthrope, 1962). In coastal
COirissa after khaol nee, farmers do not gel
good potate yield because of prevailing

unfavorable thermal environment during
sowing and harvesting period. In early
planting (mid October), emergence 15
affected due to higher temperature and in
late planting (December), wber bulking 1s
restricted because of prevalent high
temperature in the later part of the crop
growth period. As a result, tuber yield is
reduced with the shortening of tuber bulking
period and total crop duration is ultimately
reduced. Keeping the importance of photo
thermal environment for tuber yield
production in view, the present study s aimed
atexamining the feasibility of growing potato
by modifying micro environment with
organmic mulching. Water use efficiency.
photosynthesis of the crop were studied in
relation to potato tuber production and crop
growth dynamics under different photo-
thérmal environments.

MATERIAL AND METHODS

A fichd experiment was conducted in
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sundy loamy soils of central research farm
of Water Technology Centre for Eastern
Region, Bhubaneswar { Orissa state) duning
two rabi seasons of 1997-98 and 1998-99,
Treatments consisted of mulching 3 (M M |
M.} and 3 plunung dates (P, P, P,). In the
first rahi seison (1997-98), potato variety
"Kofr Jyou” was first sown (F1)on 31.10.97.
while in second rabi season (1998-99),
sowing was performed on 27.11.98; The
second (P,) and third (P) sewing were
completed at 14 days interval, In order to
modify micro-environment. rice straw mulch
wis applied @ 8 tons ha ' at first (M} and
second (M) earthing up operations of all the
pluntng dates. The crop was grown with
aptimum irrigation, recommended ferilizers
and others optimum agronomic management
practices. The irrigation was upplied at 50%
of available water depletion. Five imigations
(6 cm depth) were applied to non mulch
plots, For mulch plots 3 imgations with 6 ecm
and one mrmigation with 3 cm depth were
applied, The experiment was laid out in
randomized block design with 3 replications
The soil properties of the experimental site
ure given in Table 1.

To study the crop growth dynamics,
thie phenological observations were recorded
on every alternate day. Based on emergence,
shoot and wber development, for our study
growth of potato wis divided into 5 distinct
stages viz, emergence {when 50% of plants
i w plot emerged), early vegetative stage
{early plant development, initiation of
branching and it ends in the tuber mitiation
phase), tuberization (stage of formation of
mujorily of tuber), twber bulking (tuber
enlirgement to near maturity ) and maturity.

[Val. 5. No. |

Plant samples from randomly selected 3
plants were collected at weekly interval and
above ground biomass were determined
using oven dry method, The leal arca was
measured using leal area meter (L3100}
Crop growth rate and growing degree-days
(3°C base temperature] were also
determined for the study.

The photosynthesis rate for different
planting dates and mulching was measured
using portable photosynthesis system (LI-
6200} on the first mature leaf of 5 plants
and then averaged.

The water use by the crop was
computed using the following water balance
equation (Uttam and Das, 1983)

WU =1+PF+ 10Dpim, -m,)

Where WU 15 the seasonal water use
(mm); 115 the applied irrigation depth (mm),
Pris the precipitation (mm). [ is the depth of
sonl layer for maisture measurement (m), p
is'the soil bulk density (mgm ') and mand
m, are the soil mosture contents (%) at the
sowing and harvesting time, respectively,
The soil moistare was computed using
gravimetric method. The runoft and deep
percolation loss of water were assumed to
be zero, Witer use efficienty wils
determined by dividing the tber yield with
segsond! water use, The ambient weuther
daty were collected from automatic weather
statios-of the research farm. Tuber vield of
potato per unit area was colleeted at final
harvest, The soil temperature was monitored
at regular interval at 0-15 cmand 15-30 ¢m
depthusing soil thermometer.
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Table 1 : Important physico-chemical properties of the experimental site

Depth Coarse | Find Silt Clay | B.D, pH EC Org.C

{em) sand sand | (%) (%) | (mgm”) (dSm') | (%)
G} (Gl

0-15 | 460 17.0 16.0 210 | 144 57 | 025 (.46
15-30 32 154 379 13.0 .45 v 67 .50 {1.38
045 | 263 14 323 00 | 14s 68 | 043 0.36
4560 | 202 9.8 40.0 300 | 148 69 | 0.33 0.32
60-90 | 327 108 30.0 365 | 149 6.3 | 025 0.31
90-120 | 21.9 10,9 273 400 | 1.50 6.5 | 038 0.28
120150 | 13.3 3.4 333 400 | 1.50 83 1.23 0.26

Table 2: Photo-thermal environments during differenmt phenological stages of two crop

ACASONS.
Phenological  [Maximom wemperature(®Ci|  Mintmum emperature(°*C) | Solar radiation (Wm-)
Stagis 1R ] B 199749 199899 197G 199800
First sowing
Emergence 298320 26,1275 195227 ITR-185 T390 S3-55
Vegetative 30334 2HE-2RE 221-29 188208 (15050 MO
Tuberization 279308 233250 19.9-20:2 |3.5-14.8 GlIE-672 SHH-6T8
Tuber Bulking | 243265 I8.5-295 11.7-154 I65-18.3 54054 ORO-T 20
Mutuarity 235-32.4 31.4-3249 14.8-206 I8.1-20:5 BTG THLTIE
Second sowing
Emergence 13158 253272 21.1-215 158-173 57246895 GO0
Vepermtive LRADE 244207 19.5-200.2 13.7-158 SHESTS SHLGRT
Tuberization 269-20.6 28,2302 163181 [4353 169 a2 59264
Tuber Bulking | 234-26.49 M 5327 16.1-22.2 17.1-1&5 3R-H92 93-732
Maturity 290538 3| 5-338 154-182 I8.1-19.3 o715 T36-754)
Third sowing
Emergence 26,5297 249257 18.8-206 152-154 S05-45 SHE5H)
Vogetative 253251 23.8-259 228.253 18.1-202 515660 336-336
Tuhernzation 58293 78293 149174 7| 169185 SA0-680 28O0
Tuber Bulking | 30.5-323 312338 18 1-202 205209 Gl15-695 650728
Maturity 32334 328349 182-228 20.1-215 TOR-T2 TIE-R3
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Table 3: Duration of phenoogical stuges as affected by sowing dates and mulching

Germination | vegetative | Tuberization | Tuber Maturity | Total
bulking

FFirst Planting:

M Y1 11 22 if 22 1 a2
Y2 11 21 14 19 I 76

M Yl i 12 15 34 1 92
32 (. 24 I5 27 (4] 85

M, ¥ 11 2| 15 30 12 &9
Y2 10 22 15 g I 82

Second Planting:

M. YI T 17 i3 n 10 73
Y2 5 I8 11 23 [H] 71

M, Yl 11 16 i3 LN 1] al
Y32 9 19 14 24 10 74

M. Y] 11 2] 15 29 |12 it
hi (1] 15 12 23 1 74

Third Planting:

M, Y1 12 I i4 21 1} 75
Y2 10 19 i2 21 10 72

M, ¥ 11 17 i3 20 1} 78
Yz I¥ 200 14 22 4] 76

M. Y1 (¥ 20 14 25 12 il

M, =Nomulching M =Mulching during first earthingup M, = Mulching during second earthing

up

RESULTS AND DISCUSSION
Weather and phenological stages

The temperature trend revealed that in
the first rabi season during early vegetative
and tuber nitiation phase of the first sown
crop . the maxirmum and minimum ambient
temperatures were 3-4°C higher (Table 2)
and during tber bulking stage (after 55 days)
crop experienced 4-5°C lower maximum and

mimimum ambient temperatures than that of
second rabi season. In second season. tuber
bulking stage was mostly affected and
duration was shortened by 6-12 days
because of 3-4°C higher ambient
temperature at this stage than that in the first
season. It was also revealed that because
of 3-4°C difference of soil temperature
between mulch and non-mulch plots, wher
bulking stage was shortened by 10-12 days
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Table 4:  Soil moisture depletion and water use efficiency of potato as influenced by mulching

and sowing dates.

Trem Profile motsture depletion fmm) Tonal Irmiga- | Mean Muean  [Mean
menls moisture | Hon | seasonal [wber  [WUE
depletion| {nim) | water wse |vield (kg ha!
{tmimn) {rmim) kg ha 'y num)
(-15m | 15-20m | 30:45m | 45-60m | 60-90m
MP, | 416 438 (424 |40 67.6 2356 G | 53546 LIO0O03 | 205
MP 41 4.4 493 |G &4 23748 X 5374 HOEE | |4k
M P 413 [39.3 407 403 9.4 2310 o 531.0 SN2 U4
M P M.l 374 323 336 T34 21900 2H0} 4290 30003 [ 13
M, P, 351 6.1 R 363 H13 2132 2 42372 ID00EER (236
MP, | 360 [370 [389 |408 [653 | 2183 20 4283 |NOOO9 186
MP | 363 (393 (400 [393 |74 | 2264 0 4364 [0 |2
MP. | 353 [369 |373 388 |s83 | 2060 0 |Aen fsooog |02
M, P, 3 363 Eh i o 619 2143 2 d243 G008 1141

{Table 3} in non-mulch plots as compared to
mulch plats, when sowing was completed
within first fortnight of November, The
difference of duration wuas not significant
between mulch and non-muleh plotsin third
sown plants of first season and all the
sowimes of second season, Though in mulch
plots soil temperature was 3-4°C less than
that of non-raulch plots (Fig. 1), but higher
ambient temperature during tuber bulking
stage of the crop might have affected crop
erowth duration when sowing was done
after first fortnight of November.

Soil moisture depletion and water use
efficiency

Study revealed that mean seasonal
water use was higher in non-mulch plots for
all the sowings (Table 4), ranging form 416
mim in MJP, 10 538 mm in M _P.. Higher

water utilization efficiency (303 kg ha!
mm) was achieved in case of st sown
plants when mulch was applied during first
earthing up,

The crop growth rate of polato from
pooled data of both the seasons was
determined and 15 presented n Fig. 2. Results
revealed that the highest crop growth rate
of 10.7 gm~ was observed at 63-70 DAS in
the fiest sown crop when mulch was apphied
during first carthing up as expected like i
the case of leaf area, biomass etc.

Photosynthetic rate

The photosyathetic rate throughout the
crop growth period was measured and
values at 10 days interval were presented in
Table 5. Maximum photosynthetic rate (29.4
pmole m7 s was observed at 70 DAS in
first plannng of first scason when straw
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Table 5: Photosynthetic rate (umol m' ') as influenced by mulching and sowing dates.

(Y1 = 1996-97: Y2 = 1997-98)

Tredatment 400 DAS SODAS BOTIAS TDAS BODAS
First planting:
M, Yi | 165 18.3 19.4 213 20.1
Y2 12.8 14.7 141 19.9 7.1
M, ¥ 184 206 224 204 LR
G i SR 17.2 215 23,1 21.3
M. Y 17 19.2 21.0 268 215
Y2 14.8 165 205 778 21.1
Second planting:
M, ) 14,3 6.5 7.9 198 5.1
Y2 1.8 13.7 131 17:8 14,1
M, bl 6.2 186 204 252 9.8
Y2 14.3 162 154 14,1 7.2
M. Y| 16.1 172 19,1 238 19.4
Y2 13.8 15.1 19.8 187 6.9
Third planting:
M il 139 15.7 174 204 (i
Y2 123 14.7 8.3 17,1 139
il Y | 17:0 a4 189 228 1.8
¥2 13.9 15.1 18.7 18.1 141
M. ¥l 14.] 16.1 17.1 19:8 6.3
¥2 139 4.8 7.8 5.2 137

muleh was applied during hirst earthing up.
There was 32.3 percent reduction of
photosynthesis rate in non mulch plats for
that sowing as compared 1o the plots where
mulch was apphed during first earthing up.
The photosynthesis rate gradually decreised
s sowing was delayed. Significant reduction
in photosynthetic rate was found between
mulch and non mulch plots when sowing was
completed within first foriight of November,
after that no difference was found as in the
case of leaf wrea mdex or above ground

biomuss production,
Tuber yield

In the first season, there were 15-
415 and 13-25% increasc in tuber yield in
different sowings (Table 6) when mulches
wereapplied at the first and second earthing
up, respectively over nen mulched plots.
There was drastic reduction of yield n
control plots when potato was sown in last
week of November or after that. In second
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Fig. 1:  Variation of soil temperature at two depths (0-15 & 15-30 em) in mulch and
nonmuleh plots.
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Fig. 2:  Crop growth rate (CGR) of potato as influenced by mulching and sowing dates.
(Drawn from pooled data of both years),
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Table 6: Tuber yield (t ha") production as affected by planting dates and mulching.

Plantings Season Mulching
Mo Mi M2
1997-98 1.3 13.3 10,3
Pl 15GE-99 8.5 1.3 1.5
1997-958 83 10.8 |
P2; 1998-99 6.5 7.0 7.0
1997958 5 g9 6.9
P3: 1995-94 i 6.0 55
199798 8.2 11:0 o
Mean; 1998-99 6.8 H.1 75
190798 8.2 11.0 g1
S.E.mii=) 19498-549 5.8 .1 7.6

year, yield was reduced by 23-395% in second
sowing over first sowmg. It could be due to
high day/night temperature during tuber
bulking stage of the late sown crop. There
wis no significant difference in tuber yield
production between mulch and non mulch
plots when sowing was done after
Movember. In the lirst planting of second
vear, vield was increased by 19-26% due to
mulching but in second and third sowings,
there was no significant difference in tuber
vield production between mulch and non
mulch plots,
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