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Abstract: Experiments were conducted in the greenho~e at the Regional Agricultural 
Research Station, Angunukolapalessa, to study the physiological and ~norphological 
changes in apical development of rice under broadcast sown and transplanted conditions. 
Results show that transplanting shock increases the differentiation of leafprimordia, but 
not the physiological development stage. Thus increased rice yields under transplanted 
conditions can be attributed to increased leaf area which enhances assimilation with a 
favourable sink-source relationship. Howeverpre-and post-spikelet abortion was observed 
under both transplanted and broadcast sown conditions even though the rate is higher in 
broadcast sowing. 
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INTRODUCTION 

Apical development of lowland rice is more complex than that of temperate 
cereals. Patterns of development differ between rice varieties and are modified 
by the environment.' Apical development can be broadly divided into vegetative, 
reproductive and maturity phases. The reproductive and maturity phases are 
relatively constant, irrespective of variety and take about 23-25d and 30-35d 
respecti~ely.~" However, rice varieties differ in  their growth duration from 
sowing to grain maturity as a result of an  extension of the vegetative growth 
period2" which is short in early varieties and long in  late duration varieties: 

Hitherto guidelines for cultural management of the rice crops have been 
based on calendar dates with adjustment for the growth duration of the variety. 
Numerous developmental indices have been proposed but all have li~nitations."~~ 
This is because the apical development stages, a t  which cultural management 
decisions are necessary, are not obviously or consistently indicated by external 
morphology. Transplanting in rice also causes an extension of growth duration 
by 10 - 14d.'v3 Thus, agronomic practices need to be adjusted accordingly to obtain 
higher rice yields. Senanayake et al." have developed and documented an  
appropriate scale to identifi different apical development stages ofrice from the 
Zadoks" growth scale for temperate cereals and pointed to the importance of pre- 
flowering and post-flowering abortion of spikelets in determining yield under 
broadcast sown conditions. However tlie effect of transplanting on this scale has ' 
not been studied . Relationship of apical development to external morphology 
was constant in a particular variety but the change in space of these stages due 
to transplanting shock and its relationship to external morphology under 
transplanted conditions were not documented. We report here on the apical 
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development of rice under transplanted conditions compared with broadcast 
sowing and on the effects on growth stages as a result of transplanting shock. 

METHODS AND MATERIALS 

Greenhouse experiments were conducted at the Regional Agricultural Research 
Station, Angunukolapalessa during Yala 1992 and Maha 1992193. Rice Variety 
At 85-2 which has a growth duration of 105d was used. 

Seeds were soaked for 24h, incubated for 48h and nursery sown in trays 
containing lowland'soil. After eighteen days vigorous plants were selected and 
planted, in plastic pots (0.3 m2), containing the moist equivalent of 10 kg oven 
dried soil (Low Humic Gley soils). Eight plants per pot was transplanted to 
simulate field planting at 15 x 20 cm spacing (2-3 plants per hill). Twenty pots 
were transplanted m d  an equal number of pots were broadcastsown at the rate 
of 50 Kg seeds /ha and at the same time as the nursery sowing. Pots were 
irrigated to have 1 inch standing water always and fertilized with 100:25:20 kg 
N:P:K /ha; 30 Kg N and all P and K were applied at  transplantinglsowing. The 
remaining 70 Kg N was applied 35d after in transplanted treatment and 42d 
after in broadcast sown treatment.13 Pots were arranged in RCB design inside 
the greenhouse and minimized the shading effect. 

For each treatment, plant samples were taken by selecting random plants 
(10 plants, one plant each from every other pot in every other sampling) from 
different pots. Sampling were done once a week during the vegetative stage and 
at maturity, but 2-3 times a week during the reproductive stage. An initial 
sample of 10 plants was reduced to a modal sample of 6 plants by discarding the 
two biggest and two smallest plants. The apical development stage was 
identified under a low power dissecting microscope, using the technique of Kirby 
and Appleyard l4 and by reference to rice development stages. The number of 
differentiated primordia were counted at each sampling under low power 
dissecting microscope. 

RESULTS AND DISCUSSION 

The results of two experiments are shown in the Table 1. These indicate that the 
major physiological development stages of the plant do not change appreciably 
on transplantation. Physiological panicle initiation was observed between 37 to 
45d after sowing and maximum spikelet number stage was observed between 60 
to 63d after sowing under both treatments. Further the development trend 
under these two stand establishment methods followed the same trend (Fig. 1). 
However transplanting shock increased the leaf primordia differentiation dur- 
ing both seasons and a higher number of leaves are produced increasing the leaf 
area index. Therefore sink -source relationship was improved under transplant- 
ing, as a result of which the total nuinber of primordia differentiated under 
transplanting was increased. At maximum spikelet number stage of the rice 
plant, 50 -100% increase in total differentiated primordia was observed in the 
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two experiments. However more than 50% ofthe differentiated spikelet primordia 
abort under both establishment methods in two stages; pre-and post-flowering 
abortion (Fig. 1). Senanayake et al." also observed similar results under 
broadcast sown conditions. This trend in spikelet abortion in rice needs to be 
further studied to increase potential rice yields. 

Rice can be established in the field by several methods. Most common 
mhthod of stand establishment is broadcast sowing. Transplanting which needs 
lot of labour has very little applicability in Sri Lanka. Transplanting is done at 
the seedling age between 18-21d below which the plants are too small to handle 
and above 18-21d the plants approach sensitive panicle initiation stage. Rice 
scientists"%ave indicated that transplantingdelays maturity due to transplant- 
ing shock but results in higher  yield^.^ This was attributed to uniform spacing 
given to the plants whereby rice plant can producemore tillers, and also~niform 
tillering. Under broadcast sowing different plants will have different opportu- 
nities to produce tillers because of uneven so wing.'^" 

The tendency of the rice plant to produce more leaf primordia could probably 
be an adaptive mechanism. Since the existing foliage of the rice plants were 
trimmed to prevent uprooting by winds after transplanting, the shoot apex was 
probably stimulated to differentiate in to more leaf primordia. 

Earlier experiments also showed clearly that greater numbers of tillers are 
produced and therefore more panicles per square meter under transplanted 
condition~.~,"ncreased yields under transplanted conditions can then be attrib- 
uted to two reasons viz. the increased tiller number2" and the improved sink- 
source relationship. 

Data also suggest that the total number of leaves produced vary between 
seasons which can be attributed to the severity of the transplanting shock and 
the micro-climatic differences observed between seasons (cumulative maximum 
temperature sum during vegetative stage of rice inside the greenhouse was 
1044.7OC for the wet season and 1237.g°C for the dry season). 

Cumulative pre-and post-flowering spikelet abortion is also greater under 
broadcast sowing (69 - 79 9%) compared to transplanting (54 - 69 %). This can be 
attributed to fewer leaves resulting in lower assimilation and a limited source 
to sustain the differentiated spikelets. As a result, greater pre -flowering 
abortion was observed in both seasons under broadcast sowing. On transplant- 
ing, the larger number of leaves produced results in higher assimilation to 
sustain the differentiated spikelets. 
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Table I : Apical development and leaf primordia production under different 
establishment methods and seasons in greenhouse (ma= Temp.35- 
36OC) pot experiments. 

DAS* No. of leaves Development 
Stage 

Yala (Dry) 1992 Maha (Wet) 1992193 

Broadcast Trans- Broadcast Trans- 
sown planted sown planted 

5 1.0 1.0 2.0 2.0 
11 2.0 2.0 
15 3.5 3.5 
19 3.0 3.0 4.0 4.0 
22 3.0 3.0 4.6 .5.0 TPL 
29 4.0 7.0 5.7 6.0 
37 5.0 8.3 7.0 8.0 

63 10.0 12.0 10.2 12.2 
65 10.0 12.3 10.8 13.6 MSN 
69 10.0 13.0 11.8 13.4 
73 .' 10.0 13.0 11.8 13.8 Flowering 
9 1 10.0 13.0 11.0 13.6 
105 10.0 13.0 11.0 14.0 Harvesting. 

Abbreviations: DAS - Days after planting, TPL - Transplanting, PI - Panicle Initiation, MSN 
- Maximum Spikelet Number. 

Transplanting normally delays maturity by 10-14d.'~ However in green- 
house pot experiments where the soil environment is limited and temperatures 
are high, maturity can be enhanced. In these two experiments there were no 
appreciable differences in the number of days taken to reach maturity probably 
because the experiments were conducted under greenhouse conditions'in pots. 
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