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Effect of growth hormone and cold hardening on summer rice
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ABSTRACT

Four summer rice cultivars, viz. Jyotiprasad, Bishnuprasad, Joymoti and Kolaboro were grown in the farmers
field at Kohar Goan, Jorhat during 2004-05. Four different treatments given to 40 days old seedlings before
transplanting were control, 4° C cold hardening treatment in light for 48 hours, GA,-10 ppm treatment five
days before transplanting and ABA-10 ppm treatment five days before transplanting. Various morphological
and physiological parameters, viz plant height, tiller number, leaf number, |eaf area, relative leaf water content,
leaf chlorophyll, nitrogen, phosphorus and potash content of shoot at harvest were significantly influenced by
the treatments. Seedlings treated with GA, exhibited better growth and plant vigour in comparison to control.
Bio-chemical traits, viz leaf proline content, total soluble sugar in stem, grain yield and yield attributes such
as panicle length, grains panicle?, sterility percentage were also found to be influenced significantly due to
GA,, ABA and 4° C hardening treatment. The adver se effect of |ow temperature on growth and development of
summer rice can be reduced with suitable cold hardening treatments. Among the different treatments GA, was
found to be the most suitable treatment for improvement of cold tolerance in terms of growth and yield in

summer rice.
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Injury dueto low temperatureisreported to be amajor
constraint of rice productionin eastern India whileIn
north-eastern part of India, the third season rice crop
(summer rice) experienceschilling temperatures during
November to February resultinginyieldloss. InAssam
cold period prevails at the vegetative phase (Dec-Jan)
and sometimes at the flowering stage of summer rice.
Low temperature of air and water inirrigated rice and
temperatureof air and soil inupland rainfed rice causes
varioustypes of cold injuries. Low temperature during
seedling and vegetative growth stage of summer rice
crop affectsthe establishment of seedling and prolongs
the duration of the crop (Gogoi and Baruah, 1999) and
it affects the transplanting of subsequent autumn rice
crop. Chilling temperature at flowering stage of rice
causes spikelet sterility and reduces yield. Therefore,
it is desirable to have cold tolerance in high yielding
varieties of summer rice during vegetative and
reproductive phasefor sustainablerice production. Cold
hardening treatments have some beneficial effects on
metabalic, bio-chemical and physiological processes of
plant, which improves the cold tolerance in different
crops. (Peter et al, 2003; Kaarina et al, 2003; Dionne
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et al, 2001). The present investigation was undertaken
to study the effect of cold hardening and growth
hormone at seedling stage on growth and yield of field
grown summer rice.

MATERIALS AND METHODS

An experiment was conducted infarmer'sfield at Kohar
Goan, Jorhat, during 2004-05. The experiment waslaid
out in split plot design with four summer rice varieties
(Jyotiprasad, Bishnuprasad, Joymoti and Kolaboro).
Four different treatments were given to the seedlings
before transplanting. Thefirst set was kept as control,
second set was given 4° C cold hardening treatment in
light for 48 hours, third set was given GA .- at adose of
10 ppm treatment five days before transplanting and
fourth set was given abscisic acid (ABA) at a dose of
10 ppm treatment five days before transplanting.
Treatments were replicated four times in a split plot
design. Forty daysold seedlings of these varietieswere
transplanted in thefield. Sampleswere collected during
tillering and panicle initiation stage for various
morphological, physiologica and bio-chemical analyses.
Leaf area was recorded in leaf area meter (LICOR,



LI 3000, USA ). Leaf chlorophyll content and total
soluble sugar of stem were recorded by the methods
of Anderson and Boardman (1964) and Yem and Willie
(1954), respectively. Prolinein the leaves and relative
water content were determined by the methods of Bates
et al (1973) and Matin et al. (1989), respectively.
Nitrogen, phosphorus and potassium content of shoot
were determined by Microkjeldahl, Colorimetric and
Flame photometry methods, respectively. Grain yield
and yield attributing parameters were recorded at
maturity.
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deficiencies or toxicities, (ii) increasein resistance to
water flow and hencewater deficitsand/or (iii) changes
in growth regulators (Nielsen and Humphris, 1966).
Exogenous application of GA, increases plant height,
inter node el ongation and leaf area. (Carlsonet al, 1990;
Kim and Heu, 1990; Gogoi and Baruah, 2000). Most
reports have demonstrated that exogenous application
of ABA and low temperature hardening treatment
provides tolerance to various stress condition (Chen
and Li, 2005; Kazemitabar et al, 2002; Kerepesi et al,
2004). Increased plant height, tiller number, leaf area

in present experiment revealed that these treatments
increased the cold tolerance ability of summer rice. Low
temperature causes reduction in plant height and
increases growth duration in rice (Lee, 1989) which
was observed in non-hardened plants (Table 1).
Significant increasein leaf water content was recorded
inplantstreated with GA ,, ABA and cold hardening at
tillering and panicle initiation stage (Table 2). Thisis
because of maintenance of a higher amount of sugar
and proline in hardened plants, which helps in water
relation and maintains the osmoticum of the cell.
(Guinchard et al, 1997; Gogoi and Baruah,1999).
Accumulation of solutesinthecell sap leadsto asmotic

RESULTS AND DISCUSSION

Significant improvement in shoot growth in terms of
plant height, tiller number, leaf number, leaf areawas
observed due to application of GA,, ABA and cold
hardeningtreatment (Table 1). Commonly observed cold
injuriesinricearefailureto germinate, delayed seedling
emergence, stunting, leaf discoloration, panicle tip
degeneration, incomplete panicle exertion, delayed
flowering, high spikel et sterility and irregular maturity.
Low temperature adversely affectsthe growth of shoots
by some secondary effects which include (i) nutrient

Table 1. Effect of growth hormoneand cold har dening treatmentson plant height, tiller number, leaf number and leaf area
during maximum tillering stage of selected ricevarieties.

Treatment Cultivars Plant height (cm) Tiller number hill* Leaf numberhill*  Leaf area(squarecm hill2)
Control Jyotiprasad 35.48 14.25 49.75 412.00
Bishnuprasad 35.68 13.25 49.50 383.50
Joymoti 36.30 15.50 56.50 443.25
Kolaboro 39.63 10.75 39.50 304.25
4C Jyotiprasad 37.48 14.75 55.60 462.50
Bishnuprasad 36.43 13.75 54.75 426.33
Joymoti 37.55 16.50 61.92 484.29
Kolaboro 41.18 11.50 41.75 331.38
GA-10ppm Jyotiprasad 41.08 16.75 60.00 474.00
Bishnuprasad 40.10 15.75 57.50 447.56
Joymoti 42.23 18.00 65.00 503.53
Kolaboro 45.38 12.00 46.75 343.49
ABA-10ppm Jyotiprasad 37.60 15.75 58.50 469.75
Bishnuprasad 37.18 14.75 56.00 431.09
Joymoti 38.50 17.50 63.50 492.27
Kolaboro 42.30 125 44.50 336.83
Treatment CD(5%) CD(5%) CD(5%) CD(5%)
Variety 1.93 1.19 3.97 20.06
Treatment x Variety 1.76 257 13.98 23.40
247 2.37 7.94 43.140

Maximum tillering stage (Days after transplanting; DAT): Jyotiprasad-30 DAT, Bishnuprasad-30 DAT, Joymoti-32 DAT, Kolaboro -35
DAT
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Table 2. Effect of growth hormone and cold hardening selected biochemical parameters of rice plant.

Treatment Cultivars Total Leaf praline Total Nitrogen Phosphorus Potash Relativeleaf water
Chlorophyll  (ug g*frwt.) soluble (%) (%) (%) content (%)
(mg gfr.wt) sugar Tillering Panicle
(mgg* stage initiation
fr.wt.) stage
Control Jyotiprasad 1.72 493 3.18 213 0.338 1.835 7950 7115
Bishnuprasad 1.87 487 3.23 2.10 0.375 1793 8038 7220
Joymoti 1.68 495 4.03 224 0.458 1978 80.03 71.03
Kolaboro 1.67 514 3.20 2.00 0.383 1293 80.08 69.48
1C Jyotiprasad 2.15 512 3.36 2.33 0.373 2041 8218 7323
Bishnuprasad 2.10 520 347 2.30 0.417 1974 8258 7353
Joymoti 1.86 536 4.28 243 0.514 2220 8138 7316
Kolaboro 1.79 546 3.27 2.15 0.420 1400 8118 7125
GA, (10ppm) Jyotiprasad 221 574 354 293 0.420 2246 8340  74.08
Bishnuprasad 2.22 596 3.68 2.87 0.471 2158 8328 74.38
Joymoti 1.96 590 4.67 293 0.565 2340 8248  74.13
Kolaboro 184 584 341 231 0.446 1453 8228 7215
ABA (10ppm) Jyotiprasad 212 566 351 2.82 0.431 2236 8328 74.70
Bishnuprasad 2.14 574 3.56 2.76 0.472 2248 8365 7453
Joymoti 181 568 4.59 2.86 0.568 2412 8168  74.08
Kolaboro 1.80 571 3.46 2.28 0.452 1420 8137 7148
CD (P=0.05) Treatment 0.172 9.11 0.31 0.195 0.033 0169 051 0.77
Variety 0.277 13.66 0.42 0.147 0.082 0183 074 112
TreatmentxVariety 0.346 18.21 0.63 0.390 0.078 0338 102 1.30

Maximum tillering stage (Days after transplanting; DAT): Jyotiprasad-30 DAT, Bishnuprasad-30 DAT, Joymoti-32 DAT, Kolaboro -35

DAT.

Panicle initiation stage : Jyotiprasad-53 DAT, Bishnuprasad-56 DAT, Joymoti-68 DAT, Kolaboro -56 DAT.

adjustment, which hel psto maintain the water content
and turgor of living cells (Steponkus, 1984). Increased
osmoticum in terms of soluble sugars (Gonzales et al,
1990) and proline leading to abetter hydration statusin
cold hardened plants suggested by Guinchard et al,
(1997), may bethereason for higher relative leaf water
content observed in the study (Table 2).

Significant variationin chlorophyll content due
to GA,, ABA and cold hardening treatment was
recorded among the varieties (Table 2). Decrease in
chlorophyll content in leavesisreported to be associated
with decrease in nitrogen in the leaf blades of cold
intolerant rice cultivars (Setter and Greenway, 1988).
GA,, ABA and 4° C cold hardening treatment have
recorded significant improvement in nitrogen content
of leaves (Table 2) which may be related to the
increased chlorophyll content in leaves. All the four
varieties showed variation in nitrogen, phosphorusand
potassium content (Table 2) when subjected to
hardening treatments. The low temperature induced
nutrient deficiency in root affects the level of growth
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regul ators and therefore, reduces the growth of shoot
(Setter and Greenway, 1988). Nitrogen, Phosphorusand
Potassium content can be used as indices for cold
tolerance in rice. Higher phosphorus content is
associated with low temperature tolerance (Gogoi and
Baruah, 1999). Total soluble sugar content increased
significantly in GA,, ABA and 4°C cold hardening
treatments in comparison with non-hardened plant
(Table 2). These findings are in conformity with the
findings of Rosenset al (1993) in clover and Gogoi and
Baruah (1999) in rice. Sugar accumulation during
acclimation and foliar application of GA, has been
reported in different plant species (Guinchard et al,
1997; Chetterjee et al, 1975) resulting in elevation of
osmotic concentration. Carbon compounds rel eased
from starch hydrolysis is associated with low
temperaturetol erance for osmotic regulation, re-growth
and maintenance. Higher amount of sugar in Jyotiprasad,
Bishnuprasad and Joymoti indicated their acclimation
to cold. Significant increase in proline content was
recorded in the plants treated with GA,, ABA and 4°C
cold hardeninginthe present experiment (Table 2). GA,
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Table 3. Effect of growth hormoneand cold hardening on yield attributing parameter sand yield of summer rice.

Treatment Cultivars Plant height Grain panicle?  High density 1000grain Yied
(cm) grain (%) wt. (g) (t hat)
Control Jyotiprasad 10.0 106.75 7253 24.06 3.58
Bishnuprasad 9.0 102.50 71.70 23.90 352
Joymoti 10.25 112.50 72.38 24.10 3.74
Kolaboro 8.0 75.0 71.48 22.00 251
4C Jyotiprasad 110 109.00 73.68 24.30 3.60
cold hardening Bishnuprasad 10.0 105.75 73.35 2417 357
Joymoti 110 116.00 74.45 24.30 3.76
Kolaboro 8.0 77.50 72.38 22.16 253
GA, (10ppm) Jyotiprasad 12.0 113.75 75.93 24.46 3.64
Bishnuprasad 11.00 110.00 75.28 24.24 3.63
Joymoti 12.00 120.00 76.38 24.49 3.77
Kolaboro 9.00 81.50 73.13 22.27 255
ABA (10ppm) Jyotiprasad 110 112.00 74.33 24.39 3.61
Bishnuprasad 10.0 108.50 74.15 24.27 3.60
Joymoti 110 117.50 74.73 24.36 3.76
Kolaboro 85 81.50 72.95 22.24 254
CD (P=0.05) Treatment 0.46 435 0.79 0.34 0.11
Variety 0.60 3.90 0.45 2.70 0.77
Treatment x Variety 091 6.91 1.07 0.57 0.23

and low temperature induced accumul ation of proline
has been reported by Charest and Phan (1991) in wheat
and Gogoi and Baruah (1999) in rice. Proline
accumulation provides a mechanism for the
maintenance of asmoticumin cellsand tissues (L evitt,
1980).

In the present study application of GA, ABA
and 4°C cold hardening significantly increased the
paniclehillt, improved the grain filling capacity interms
of increasing percentage of high density grain,
increased thousand grain weight and yield (Table 3).
Low temperaturein vegetative and reproductive phases
ultimately resultsin less number of spikelet per panicle,
increased spikel et sterility and decreased grain weight
leading to yield reduction (Gogoi and Baruah, 1999). In
the present investigation spikel et sterility wasfoundto
be higher in non-hardened plants (Table 3). Low
temperature decreases the filled grain percentage by
affecting sink capacity or by increasing the length of
ripening period (Tanaka, 1962). Hardening of rice
seedlingisreported toincreasericeyield in cold climate
(Gogoi and Baruah, 2000) and we also obtained yield
improvement dueto GA, ABA and 4° C cold hardening
treatments.
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