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Accumulation of 14C-labelled Carbohydrate Before Flowering and its 

Subsequent Redistribution and Respiration in the Rice Plant-, 

James H. COCK and Shouichi YOSHIDA 

(Plant Physiology Department, Intcrnational Rice Research Instilute 

Los Bapios, Laguna, Philippines) 

INTRODUCTION 

The rice plant (Oryza sativa L.) accumulates 

carbohydrate in the fr rm of starch and sugar in 

the leaf and culn during the 2 weeks before 

flowering' 
5 ,7,N 1"

16 ). At harvest most of the 

carbohydrate is no longer present in the leaf and 

culm. 

Murayama et al.7) labelled the accumulated 

with 14C and found that the increasecarbohydrate 

in activity of the grains was almost equal to the 

loss in activity of carbohydrate in the leaf and 

culm. They concluded that the stored carbohyd-

rate was very efficiently translocated to the grain, 

In a similar experiment Oshimas) found that 8911 

of the accumulated .tarch was translocated to the 
' 

grain. Lian and 'anakae ), in a field experiment, 

also found that the accumulated carbohydrate 

was translocated to the grain. Although they (lid 

not assess the efficiency of translocation, they 

stated that a considerable amount of carbohydrate 

might be lost through respiration. lHence the data 

available on efliciency of translocation are not 

conclusive. The isreason that the measurement 

of efficiency depends on the difference in 14C 

indicated by the experiments of Murayanma et al.

activity in carbohydrate at flowering and at 

harvest. If translocation is very efficient, as is 
7) 

reported above, then the difference in total 14C 

activity in the carbohydrate fraction at flowering 

and at harvest will be difficult to assess, as they 

acknowledged in their report. 

Archbold' estimated the loss of carbohydrate 

from barley stems caused by respiration. She 

* Received for publication on October 27, 1971. 

observed that respiration accounted for about 50% 

of the loss in dry weight of the stems between 

flowering and harvest. She assumed however 

that none of the carbohydrate in the stem was 

translocated to the grain. Stoy"' calculated the 

maximum respiratory loss in the stems of the 

wheat variety, Dala. His data show a maximum 

loss of carbohydrate due to respiration that is 

equivalent to 581 of the stored carbohydrate loss. 

Ile states however "the actual respiration loss was 

presumably considerably smaller." 

Yoshida and Ahn 1 )' assessed the contribution of 

accumulated carbohydrate to grain carbohydrate 

in several rice varieties by measuring the change 

in carbohydrate content of leaf blades plus sheath 

pilus culm between flowering and harvest. They 

found that the accumulated carbohydrate could 

account for up to 38,%, of grain carbohydrate and 

that the contribution varied considerably among 

varieties. Archhold and MukerjeeD
) found that 

not more than 11% of the ear weight of barley 

can be accounted for by stored sugars. StoylO) 

a fraction of carbo. 

hydrate assimilated before flowering is translacated 

to the grain. Hell) also found that wheat varieties 

differ in their ability to accumulate carbohydrate 

in the stem. Lian and TanakaG) suggested that 

in rice, carbon assimilated before flowering is 

used for grain filling with relatively low efficiency. 

Thorne"' reviewed the factors influencing grain 

production in cereals and concluded that carbo. 

hydrate that accumulated before flowering was 

relatively unimportant in wheat and barley, but 

in rice it might make up one-third of the grain 

carbohydrate. 

. Thus estimates of the efficiency of use of 

showed that in wheat at least 
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accumulated carbohydrate range from extreme 

efficiency in rice to more than 500%oloss by 

respiration in wheat, while estimates for their 

contribution to grain carbohydrate range from 

less than 14% in barley under most conditions 

and up to 38% in rice. 

We assessed the contribution of stored carbohy-

drate to grain carbohydrate by chemical analyses 

of the plant tissue and by measuring the redistri-

bution of carbohydrates labelled with 14C. The 

respiration losses during translocation from the 

sheath plus culm to the ear were estimated by 

measuring "CO 2 output. 

MATERtIALS AND METHODS 

IR8 was sown on January 1, 1970 and trans. 

planted in four plots on January 21 at the Inter-

national Rice Research Institute, Los Bafios, 

Philippines. The plants were spaced at 30 x 30cm 

and received 100kg/ha N, 40kg/ha P205, and 

40 kg/ha 1,:0.O. Routine applications of insecticide 

were made. On March 31, 10 days before flower-

ing, four groups of four plants in each plot were 

enclosed in mylar plant chambers measuring 

60 x 60 x 100 cm. lEach chamber had a small 

electric fan to circulate the air. Two hundred 

microcuries of Nallt 4 CO3 were placed in each 

chamber and "CO 2 was released by acidifying the 

NaHlCO3 with lactic acid. After 2 hours excess 
4

1 CO2 was absorbed in KOI and the chambers 

were removed. 

On April 10 and 17, and May 10, four treated 

plants from each plot were harvested and sepa-

rated into panicle, sheath plus clun of the upper 

five leaves (sheath plus culm), upper five leaf 

blades (leaves), other leai-s (dead leaves), and 

dead tillers. The plant parts were placed in a 

forced draft oven at 100'C for 2 hours and then 

at 75°C for 1 days. The panicles of the plants 

harvested on May 10 were separated into husk 

plus rachis and dehulled grains, and then dried, 

All samples were ground in Wiley mill and then 

in a ball mill. 

The total activity of 14C in each plant part was 

determined by burning 50 mg of dried tissue in a 

Coleman carbon-hydrogen analyzer, Model 33, at 

800°C and collecting the carbon dioxide released 

irl 10ml of hyamine hydroxide. Two milliliters 

of the hydroxide were then mixed with 10nil of 

toluene ethanol scintillator (70 parts toluene with 

0.4% PPO and 0.01% POPOP mixed with 30 

parts ehtanol) and the activity determined in a 

Packard TriCard 314 Ex Liquid Scintillation 

Counter. 

For samples taken on April 10 and May 10 the 

activity in Hie sugar fraction and in the starch 

fraction was determined according to the proce­

dure of Yoshida, Forno and Cockl 7 . Briefly, 

100mg dried tissue were extracted with 801' 

ethanol at 80 C, most of the ethanol evaporated 

off and the solution diluted with water and passed 

through Amberlite IRA .100 in the Cl- form and 

Amberlite 120 in the I1+ form to remove amino 

acids and sugar phosphates. Two milliliters of 

filtrate were added to 10 nil of Brays Scintillator3 

and counted in the liquid scintillation counter. 

The residue from the ethanol extract was ex­

tracted with .1.6N IICIO,. The starch was purified 

by iodine precipitationti). redissolved in water and 

mixed with Brays scintillator before counting. 

Sugar and starch were deterrmned by the 

anthrone methodl7t. Starch was measured before 

and after precipitation with iodine. The starch 

content in the grain was determined only on un­

purified starch due to the difficulty of collecting 

all the starch after iodine p:ecipitation in this 

case. Specific activity of starch was determined 

on purified starch in the grain. 

Respiration was measured on April 13, 17, 21, 

2-1 and 31, and May 7. Two hours after sunset, 

one group of four plants per replicate was en­

closed in a 60 x 60 x 100cm mylar chamber with 

clectric fans to circulate the air. At the same 

time two blank chambers were set up in the 

field. After 2 hours, 2 liters of air were drawn 

from the chambers and discarded. The following 

10 liters of air were passed successively through 

two bottles each containing 200 ml of 0.1% 1KOH. 

The CO absorption was determined by measuring 

the change in conductivity of the KOH. 
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Then the two partions of KOH were mixed. was 7.8 t/ha at 14% moisture (6.7 t/ha dry matter). 

A 200ml sample was taken and acidified with IN The total dry weight of the plants increased 

HCI. The carbon dioxide that was liberated was from 96g/hill at flowering to 122g/hill on May 10. 

trapped in 3ml of hyamine hydroxide. Two The weight of the cuhm plus sheath decreased 

flowering to 34.8g/hill atmilliliters of the hydroxide was added to 10 in of 	 from 52.3g/hill at 

harvest. The leaf blades decreased from 22.3toluene ethanol scintillator and the activity was 

determined in the liquid scintillation counter. g/hill to 17.5g/hill. Changes in the weights of 

Grain yield was determined from four 6m 2 dead leaves and dead tillers were small and 

inconsistent (table 1). The panicle weight in. 

Nitrogen content was determined by the creased from 14.5g/hill to 6.l.5g/hill. This in-

Kjeldahl method. crease of 50.Og was similar to the weight of 

areas. 

dehulled grains-.16.1 g/hill-suggesting that most 

of the increase in panicle weight after flowering 

At the first harvest on April 10, 85% of the resulted from the increase in the weight of the 

tillers had flowered. By May 10 none of the dehulled grains. The weight of the husk plus rachis 

panicles were still green. The yield of rough rice at harvest (17.0g/hill) was slightly greater than the 

Table 1. Dry weight (g/hill) of IR8 (on April 10, 85% flowering). 

Dead 
Sheath+ Leaf Dehulled Husk+ Panicle Tillers Total 

culm blade grains rachis and 
leaves 

April 10 52.3 22.3 - - 14.5 6.7 95.8 

April 17 43.8 19.6 - - 28.5 7.0 98.9 

May 10 35.8 17.5 46.1 17.0 64.5* 4.8 121.6 

Difference
 

April 10-May 10 17.5 4.8 	 50.0 1.9 25.8 

* 	The sum of dehulled grains and husk plus rachis is 1.4g less than the panicle weight due 

to losses during the process of dehulling. 

Table 2. Carbohydrate content of plant parts of IR8 at flowering 
and harvest in the dry season, 1970. 

Sheat+culm Leaf blade Panicle Dehulled Total without
grains dehulled 

.. .. .. .. . . .. . . .. grain
/0, g/hill 0/' g/hill %6 g/hill % g/hill (g/hill) 

Sugar
 

April 10 14.6 7.7 7.2 1.6 2.1 0.3 -- - 9.6
 

May 10 1.6 0.5 1.4 0.3 - - 2.1 1.0 0.8
 

Starch
 

April 10 11.8 6.2 0.5 0.1 5.6 0.9 - - 7.2
 

May 10 2.0 0.7 0.4 0.1 - - 90 41.5 0.8
 

Total
 

April 10 26.4 13.9 7.9 1.7 7.7 1.2 - - 16.8
 

May 10 3.6 1.2 1.8 0.4 - - 92.1 42.5 1.6
 

Change in carbohydrate
 

(April 10-May 10) 12.7 1.3 15.2
 



229 Accumulation of "C-labelled Carbohydrate Before Flowering 

panicle weight at flowering (14.5g/hill) indicating 

that the the husk plus rachis increased in weight 

by a small amount (2.5 to3.9g/hill) after flowering. 

The decrease in the weight of the sheath plus 

culm plus leaf blade (22.3g/hill) was .18% of the 

weight of the dehulled grains suggesting that the 

maximum possible contribution of stored material 

to dehulled grains is about 50%. This measure-

ment however discounts the possibility of loss of 

material in the field and of respiration losses. It 

is also influenced strongly by small sampling 

errors because the change in weight of the sheath 

plus culn plus leaf blade is relatively small com-

pared with the total weight of these parts. 

The total carbohydrate in the sheath plus culm 

at flowering was 13.9g/hill. At harvest it was 

1.2g/hill. The leaf blade contained relatively 

little carbohydrate: 1.7g/hill at flowering and 

0.4g/hili at harvest. The panicle had 1.2g/hill 

carbohydrate at flowering and the dehulled grains 

had 42.5g/hill at harvest. These results are 

summarized in table 2 which also shows that the 

amounts of sugar and starch in the sheath plus 

clum are similar, that starch is present in the leaf 

blade in extremely small amounts (less tihan 0.5%), 

and that starch is, as expected, the major con-

stituent of the dehulled grains. 

The contribution of stored carbohydrate to grain 

yield as assessed by comparing tile change in 

carbohydrate content of the sheath plus culm plus 

leaf blade (1,.Og/hlill) with the change in carbo-

hydrate content of the dehulled grains (,11.3g/hill) 

is 34% of total grain carbohydrate. This method 

of assessment overestimates the contribrtion of 

stored carbohydrate to grain yield because it 

disregards the possibility of losses due to respi-

ration during translocation. 

Respiration was greatest at flowering (1.8g/m2 

C02) and gradually decreased untill 2 days before 

harvest (0.2g/1 2 CO 3 (fig. 1). Ambient tempe-

rature during measurement was 27.5°C±1C, so 

temperature correction was not necessary. The 
rate of release of "C decreased almost linearly 

with time (fig. 2). The linear regression Y=13.8 

-0.481 (r=0.91) was used to estimate total "4C 

loss by respiration, where Y=I0-3xdpm/hill/hr 

and t=time in days from the fl.-st harvest. Total 

respiration loss from fowering ,o harvest was 

4.8 x 101 dpm/hill and for the 7 days after flowering 

it was 2.1 x 106 dpm/hill. 

The amount of HC per hill was 93.8dpm x 106 

at flowering; 100.2dpm x 106, 7 days after; and 

9.1.8 dpm x 16, at final harvest. When the respi­

ration loss was added, the total 14C was 93.8, 

102.3, and 99.6dpm x 106/hill. The total 14C values 

do not differ significantly (F=0.. with six and two 

degrees of freedom for error and treatment, 

respectively). The distribution o'. 14C to different 

plant parts was calculated with the assumption 

that the total "1C in the plants plus the respiration 

loss up to a particular harvest were the same as 

the mean value of the three harvest (fig. 3). 

The difference between the content of "C in 

the sheath plus culn plus leaf blade plus panicle 

at flowering and the content in the sheath plus 

culm plus leaf blade plus husk and rachis at 

harvest was 20.3% of the total 14C. The '1C 

16 

1,2 

0.8 

0.4 

1/4 W14 17/4 21/4 26/4 31/4 7/5 

Fig. 1. Respiration of IR8 from flowering 

(10/4) to harvest (10/5). 

" 

" 

X 

'i 

t 0 
I I I I I 

r l413/4 17/4 21/4 24/4 31/4 7/5 

Fig., 2. Release of 1lC from IR8 from 

flowering (10/4) to harvest (10/5). 
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Husk + rpi$ 

S60 

40 
sheal + culm 

20 

Leaf bles 
/Dead matter 

0 
10/4 17/4 10/5 

Fig. 3. Distribution and respiratory loss of 

total "C in different plant parts between 
flowering (10/4) and harvest (10/5). 

was translocated topresent in the sheath plus culni 

the grain with 79% efficiency. The respiration loss 

at final harvest. lence was .1.8% of the total "C 

respiration accounts for 2.1% of the change in 

total IC, indicating a translocation efficiency of 

76%. These two methods closely agree. A de. 

of total activity in dead matter crease of 0..1', 


accounts for the small difference between the two. 


At flowering most of the 14C incorporated in 

carbohydrate was present in the sheath plus culm 

(13.3>' 10' dpm/hill) (table 3). Smaller amounts 

were present in the panicle (1. 8 x 106 dpm/hill) and 

the leaf blades (3.6 x 101 dpn/hill). At final harvest 

most of the 14C present as carbohydrate• was in 

panicles (13. 2 x 10 dlpn/hill) while the activity has 

decreased to 1.2x 106dpm/hill in the sheath plus 

culm plus leaf blade. The increase in 14C in 

carbohydrate activity in the l)anicle was 11.4 '.1' 

"'icrease in activity of sheath 

plus leaf blade va 1,1.9 x 10 dlpnm/hill which indi-

cateb that 77% of tile carbohydrate lost from the 

vegatative parts was translocated and 28% was 

lost by respiration. 

From table 3 the efficiency of use of the total 

carbohydrate present in the vegetative parts can 

be calculated. Of the total carbohydrate 68% 

translocated to the grain, 20% was lost by 

respiration and 12% remained in the vegetative 

parts at harvest (fig. 4). Hence the stored carbo­

to the grainhydrate translocated at 68% efficiency 

accounts for 10.6g/hill of grain carbohydrate or 

Table 3. 14C in the carbohydrate fraction 

of IR8 in the dry season 1970. April 

10 was date of flowering. 

14C content, 1 x 106 dpn/hill 

Sheath Leaf Dehulled 
plus blade grains 
culm 

Sugar 
April 10 8.75 3.54 0.93 -

1 May 10 1.21 0.68 - 0.27 
Starch 

April 10 4.57 0.07 0.88 -

May 10 0.00 0.13 - 12.98 

Total 

April 10 13.32 3.61 1.81 -

May 10 1.21 0.81 - 13.21 

Change 12.11 2.80 

100 

-

80 r 

Photosynthesis 74% 

after flowering 

dpm/hill while the 
plu lef badewas hic ini.Accumulated carbohydrate1,.9x06dm/hll 

-60 o 

" 

-oa 40 
[ Residue 

-eO% Respired 
a 

. 20 
a Translocated 

0 A u cro da 

at flowering 

_ 

_______ese 

G6n c 
Grain carbohydrate 

at maturity 

Fig. 4. The contribution of accumulated 

carbohydrate in the vegetative parts 

at flowering to grain yield. 
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Table 4. Carbohydrate content of plant parts in g/hill of IR8 by two methods.
 
Dry season 1970.
 

Sheath+culm 

I-KI Standard 

Starch 
April 10 6.2 8.4 

May 10 0.7 1.5 

Change 5.5 6.9 

Total carbohydrate 
April 10 13.9 16.1 
May 10 1.2 2.1 

Change 12.7 14.0 

26% of the increase in grain carbohydrate between 

flowering and harvest, 

The loss of 14C in carbohydrate between flower-

ing and harvest was 3 5x10 dprn/hill. That is 

somewhat less than the estimate of respiration of 

4.8 x 106 dpm/hill. 

Total carbohydrate was also determined without 

using I-KI precipitation of starch in the sheath 

plus culm so that these results could be compared 

with those obtained by Yoshida and Ahn'O. The 

values for starch are slightly less with I-KI pre-

cipitation, possibly because starch was lost (luring 

precipitation or because of hydrolysis of hemi. 

cellulose which was later measured as sugar when 

the starch was not purified. Nevertheless, the 

two methods give similar results (table .1). 

The contribution of stored carbohydrate to grain 

carbohydrate assessed by the change in carbohy-

drate weight of sheath plus cuhn plus leaf blades 

was 34% with I-KI precipitation and 40%;0 with. 

out it. 

DiscussioN 

The loss in total 4C activity in the sheath plus 

culm was 12.4x106 dpm/hill while the loss in the 

carbohydrate was 12.1 x 106dpm/hill. lence carbo, 

hydrate appears to be the only labelled material 

that was translocated from the sheath plus clum. 

In the leaf blade, the change in total 14C activity 

was 9.4 x 106 dpm/hill; the change in carbohydrate 

Carbohydrate content, g/hill 

Leaf blade Panicle 

I-Ki Standard I-KI Standard 

- - 0.9 1.3 
0.1 - - ­

0.1 - - ­

1.7 1.6 1.2 1.6 
0.4 0.3 - ­

1.3 1.3 ­

activity was only 2.8x 106dpm/hill. Thus, not 

only was carbohydrate lost from the leaf but 

other labelled materials, possibly proteins, ap­

parently were broken down in the aging leaves 

and were translocated elsewhere. Since carbohy­

drate is the primary substrate for respiration, it 

is unlikely that the loss in activity of the non­

carbohydrate fraction was due to respiration. 

The total activity of the panicle increased by 

20. 1 x 106 dpm/hill, whill carbohydrate activity in 

the dehulled grains was 13.2xl0,1dpm/hill at 

flowering. The increase in non-carbohydrate 

activity of the panicle was 6.9x10dpm/hill of 

which 2.9x 106 dpm/hilll were in the dehulled 

grains and 4.0xl06dpm/hill in the husk plus 

rachis. Hence the increase in non-carbohydrate 

activity of the panicle (6.9 x 106 dpin/hill) almost 

equalled the loss in non-carbohydrate activity 

from the leaves (6.6x 10 dpm/hill). Between 

flowering and harvest, the nitrogen content of the 

panicle increased by 0.51 gW/hill while that of the 
leaf blade decreased by 0.27g/hill, while, at the 

same time, total nitrogen content increased by 

only 0. 11 g/hill. That suggests that a large amount 

of nitrogenous compounds was translocated from 

the leaf blade to the panicle. If these compounds 

account for the loss in activity in the non-carbo. 

hydrate fraction of the leaf, they must be trans. 

located to the panicle with great efficiency. 

The increase in total activity of the dehulled 
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grains was 79% of the loss in total activity of 

the other plant parts. However because some of 

this increase was due to very efficient transloca-

tion of compounds other than carbohydrates, the 

efficiency of translocation of carbohydrates must 

be somewhat less. In fact, we estimated the 

efficiency of translocation of carbohydrate to be 

77% by comparing the increase in activity of the 

grain carbohydrate with the loss in activity of 

carbohydrate from the leaf blade, shath, and con.l 

The respiratory loss estimated by this method 

was only 3.5 x 10 dpm/hill. The loss by respira-

tion, however, was estimated from direct measure-

ment to be 4.8x 106 dpm/hill. This difference may 

be due to re-assimilation of previously respired 

1C. If so, and if 4.8x 166 dpm/hill is the true 

measure of respiration, then respiration accounts 

for 32% of the loss in carbohydrate activity of 

the sheath plus culm plus leaf blade, i.e., trans-

location is 681,' efficient. As can be seen from 

figure 1 however, the direct measurement of HC 

respiration gave somewhat variable results, 

Consequently, the final estimate of total "C loss 

by precipiration may be subject to large errors, 

We feel the efficiency of translocation of carbo-

hydrate accumulated before flowering for grain 

filling is probably not less than 65% and is 

certainly not greater than 80,o. 

Hence the chemical method of estimation, which 

suggested that 34% of grain carbohydrate came 

from the stored carbohydrate, probably over-

estimates the true percentage. Nevertheless the 

magnitude of this overestimation is less than it 

seems at first. The starch content of the sheath 

plus cuhn decreased from 11.8,0 at flowering to 

2.0% at harvest (6.2 and 0.7 g/hill, respectively). 

At harvest however, no activity could be detected 

in the starch in the sheath and culm. Thus it 

appears that all the starch was translocated to 

the grain or lost by respiration and that later 

more starch was deposited. Hence the amount 

of carbohydrate lost from the stem will be 0.7 

g/hill greater than the amount suggested by the 

chemical method which corresponds to a 35% 

contribution. This underestimate is negligible, 

especially when compared with different methods 

of starch determination and the losses due to 

respiration. 

The chemical method does not take into account 

respiration losses or the possibility of complete 

translocation of starch followed by accumulation 

just before harvest. The 11C labelling method 

enables us to assess both of these factors, how­

ever in this experiment respiration measurement 

was not sufficiently accurate to enable us to 

assess accurately how much 14C was respired and 

re-assimilated. Nevertheless the two methods can 

be compared, the chemical method based on the 

difference in carbohydrate content af flowering 

and harvest overestimates the contribution of 

storage carbohydrate by 28-47%. 

Allowing for 68 to 77% translocation efficiency 

and the complete translocation or loss by respi­

ration of accumulated starch, 24 to 27% of grain 

carbohydrate was accounted for by accumulated 

carbohydrate. This is equivaent to 1.1 to 1.2t/ha 

of carbohydrate. 

In our experiment, the nitrogen supply was less 

than the optimum for again yield of IR8. When 

less nitrogen is applied to the crop, the percentage 

of carbohydrate is greater, hence in experiment 

of this type can be carried out with greater 

accuracy. However, Yoshida and Ahn") found 

that although tileapparent contribution in IR8 

was less at higher nitrogen levels, the actual 

contribution in terms of carbohydrate per unit 

ground area increased with increasing levels of 

nitrogen. So at greater levels of nitrogen the 

accumulated carbohydrate may account for *nore 

than the 1.1t/ha carbohydrate. 

Since carbohydrate is only part of the compo­

sition of rough rice, the accumulated carbohydrate 

is equivalent to 1.9 to 2.1 t/ha of rough rice at 

14% moisture. 

In this experiment the equivalent of 1.9to2.1 

t/ha grain yield came from stored carbohydrate. 

Soga and Nozaki9) shaded rice plants during the 

ripening period and found that translocation of 

stored carbohydrates from the vegetat"ve parts to 

the panicles were enhanced, and the percentage 
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contribution of the stored carbohydrate to grain 

carbohydrate was greatly increased. Hence in 

farmers' fields where yields may be low due to 

disease and pest attacks and shortage of water, 

the contribution of stored carbohydrate may be 

even more significant and may tend to stabilize 

yields. 

SUNIARY 

Rice plants (Oryza sativa L., variety 1R8) were 

grown in the field at the International Rice 

Research Institute, Philippines in the dry season 

1970. Ten days before flowering 200 pCi of 11COa 

were fed to groups of four plants. At flowering, 

7 days after flowering, and at maturity, the 

activity of 14C was determined. The activity of 
IIC 	 present in starch and suger was determined 

at flowering and at maturity. Respiration of HCO 2 

was measured in the field six times between 

flowering and harvest. The 

in the carbohydrate fraction 

respiration, indicating that 

were re-assimilated by the 

efficiency of translocation of 

loss in HC activity 

was less than the 11C 

some respired I4CO, 

plant. The overall 

14C from the vege-

tative parts to the panicle was 79":,. The non-

carbohydrate fraction apparently was translocated 

without loss. The efficiency of carbohydrate 

transl- tion was 68, and 77% with and without 

taking into account the rp -issimilation of 11CO 2, 

respetLively. Vith a transh cation efficiency of 

68 to 77%, the contribution ( f stored carbohydrate 

to grain carbohydrate is 24 to 27%, which is 

equivalent to 1.9 to 2.1 t/ha of rough rice at 1,1% 

moisture. 
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