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The effect of some environmental factors on the translocation
and storage of carbohydrate in the sweet potato,
potato and sugar beet .

(I) Relationships between the translocation of
carbohydrate or radioisotopes and the
s0il and air temperatures

Hakohu Sekioka
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Drawing to indicate method of treatment for studying the effect of

temperature on the translocation of solutes in sweet potato.
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Fig. 2 Effect of temperature on losses of dry
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from sweet potato leaves, 1958,
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Fig. 3. Effect of temperature on carbohydrate
contents of leaves, upper stems, lower
stems and roots of sweet potato plants
maintained intact or separated into four
parts and held for 15-hr, in darkness,
1958.
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Table 1. Effect of soil temperature on the
translocation of radiophosphorus from
one leaf {0 the other parts of a sweet
potato plant, 1958,

Soil temperature

_10C_20°C 30C_ 40C
CRM CpMm CRFL  Cpm

Plant parts
Roots 1239 2431 3023 4075

Lower stems 1853 1746 139.2 26%.2
Upper stems 602 550 484 470

Leaves 40,7 750 521 656

Total activity (cpm) 4102 547.7 5420 7893

Dry weight (mg) 969.9 1019.7 997.8 9955
Total activity (cpm/g) 4230 537.1 543.2 7929

Room temperature 21.7:1.2°C
Average of ten plants.
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Table 2. Effect of temperature on the trans-
location of radiophosphorus from one
leaf to the other parts of a sweet potato
plant, 1958,

Temperature
10°C _2°C_30C__40°C

cpm cpm ¢pm cpm

Plant parts

Roots 314 179.1 5854 1783
Lower stems 266 157.5 3049 208.1
Upper stems 235 559 2073 512

Leaves 40.7 1085 171.1 556

Total activity (cpm) 1222 S01.0 12686 493.2

Dry weight (mg) 1025.7 10721 9333 1016.1
Total activity (cpm/g) 118.6 467.3 1359.3 4854

Average of ten plants,
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Fig. 4. Plant fractions assayed for radicac-
tivity following a 15 hr. translocation
period.

l=leaf us=upper stem
ls=lower stem r=root
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Table 3. Effect of temperature on the trans-

location of radiophosphorus from one
leaf to the other parts of a sweet potato

plant, 1958
Soil

Plant parts oo temgf_gttge_“ .

10°C 20°0C 30 40°C

%
Roots 37.0 56.5 64.6 29.0
Lower stems 40.2 26.1 202 29.0
Upper stems 17.8 121 10.2 8.1
Leaves 5.0 53 5.0 3.9
Temperature

10°C 20°C 30°C 40°C
Roots 421 53.8 520 51.5
Lower stems 207 26,9 25.0 0.5
Upper stems 22.7 115 163 128
Leaves 145 7.4 6.7 5.2

Percent of radiocactivivity (cpm/g) of each
plant parts.
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Table 4. Effect of iemperature on the translocation of sucrose-Cl* fram
one leaf to the other parts of a sweet potato, 1980,
Plant parts .Sm'l tempera.ture . A.” t.emper.zt Eu_re -
15 ac ¢ ¢ 0 2C  25C
cpm/100 mg dry wt. cpm/100mg dry wt.
Roots 10133 9633 5600 20657 8533 i
Lower slems 6100 3367 1833 4257 2687 2433
Upper stems 12467 17933 10367 9933 7540 8400
Leaves 167 3567 3500 2600 3400 2933
cpm cpm h
Roots 6869 7705 5824 20254 5388 11590
Lower stems 4026 2895 1383 3115 1424 1703
Upper stems 4488 6530 732 6555 3016 3155
Leaves 5541 &81Z 7438 6786 6261 18592
Total activity 20924 23963 18427 36711 16589 35020
Residual activity of
Sucrose-Clt applied leaf 45082 36365 25376 67318 73462 37878
Room temperature 30°C,
leaves .
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Fig. 7. Effect of temperature on the distribution of Ci¢ in roots, stems and leaves of
a sweet potato following a 12 hours translocatien period, 1960. Percent of radioactivity

(cpm) of each plant parts.

BERCOMELONTNORETLRULEDITNE.

—FRETO Cl FRMGEMC 159C THRELR
b, EFOERLELEZE AL, AREAKO 25°C
TR bHTEL DTS,

= 2

Fig. 6 © radioautogrophs ic&ohd L3, H
B LBIREL . sucrose-CH FHERS, FRIBHMESL
SURITE (A LERT 3. ChidiiaiEnE 8
AL DOREERE L —H T 20003858 Li

A, REIEEDL XUTROBSFE TN & RMRER S
ATHEBGIEETE MG, RRMPOTEEXEN
¥ Tha, 5 L~ oRkibhoER xS
ERER{tBoERE ERKMROBROEEHEL
OB RS, BE, Mitchell and Brownzl
it 24-DOERIZEREORE b DEPSEEL TN
LEEHTHVSL, i, Day®™i, 24-D JFE{LE
BimER TRkt 20 LBUFRTERTIT L
FHRLTHE, ThoREFEROHRTEERT L0
THHS.



116 & 3

Fig. ¥ k& 602 295K, Eie5L e sucrose-ClH
ORHEEES~DBENSRIAEC LV EEX
h. EEokBENES BeSRER B 2D, BE
DS RA it Er £ {25, Went and En-
gelsberg®® {3, = FOED sucrose SP|IZEED
BOBATENC EELED TS L, BiC sucrose
AL+ QL REW L BerrieW (1, 17, 20°,
25C LREFFRE O THETOLRMBRT ST
LEREHTNE, CHLOERPLELDL, HE
ML 25 LR~ oEOER RS L, BERrE S
0, MEBOARKFRAINPTIRILOLNA
9.

AW - T CRAE{EHOERE O BRI 3°C T
{, BRADEAR 200C THNBLEEAE. CO
KEZl, AFFEORREOAREER TR, KDL
FIEDTHA S T oBHINLRKERTRE
METheE, MEScE 2RI E BN £
b, HEROAEREE LTHNWSA, T, BFES
B EH TS~ mAT I RS {1y, LT
CEEshILDOTHS. EHNTIROEEN S0°C
TH3oH, ENRRENOIELITTOXRIFN
HES, EEHEORPERMCERL, HRLEER
E#Lts. tLTHTFHE~LHDrGoh s~k
Bl A0ALLT, HTHTOEARGDRLR
STHEREER EhHTREDILL S BROEY
BOEELINIATHAENRSHE, 2WCENIBRENL
AL AR5 EEALORHOEBRESHLDT 3.
Y 2 HEIROREBY 2 RAKLHOERHICRE 2%
& LCHET SRTFRELSOEN, M EHEET
BEOMOFE, BLOMTHE~OEAD I OMNEL
S5,

Ep R B THIENB DAL BEAUSE Tld i
TR LB ORURESACE ERO LS H
FHAELIORHRTELI LR LIS,

IR TR BT 2 CH TSl A0l - S
PERLEY 15C CRELLY, BELERE LN
PLTWE. BEEHELERBDTILARBLTR
AR -1 2HE—ic T30, 15°C TRE L5 Ei
AR -1 D 200 2RORTHhTVD. #2T,
o kitho EBAIRL LA 15°C BE 20C O
CERERENEFT I LSO GMINTHA I,

HAEHOR~DERICH T S EEEEN PR 0L
e, BLAROBRCH LT &, KTE-I TH
FBETH LN, C FHAWATRROERIE LDT

¥

®20% W29

Ro&b &3 530ohi,
] =

1. HED 1 sucrese-CH 2B Z EET 12
Bifl, RS I oARLEZ TN 15, 200 BLO25°C
iZiEE, O - $RESTFRECHEETR
Lie.

2. CH OERIISECENBACIRBOFHCS
4, HBOHHESRIREHRESLIULRRAIE
ot —h, ReESEMEESVBLEI LR
hod.

3. FEMric k3 CM ORE S iR B SRl L
RicBELTOIhe <, @R e bEELis
EhicER L.

4. BTOCHERH &R - SUARAER
ha I7C THEEUD, BREFELbRRL L
B, BEANALABTOEANR URETIRET 5L
FThbpBMEBR L O CRRESER L.

5. —N, WTo CHERR&IIREIBNC 15°C T
BilELich, EREREESEH D, AHMER
D 5°C TH/ LAk,

IV, & #

Hife B 2 hRO&EH « L ARB LU L
OBEEE, HELCL ZEHEE ICRKIAGHE
ME T KR @ P2 B LT sucrose-CH DR
i E2>THEE Lk,

HIEDHE D b O LR At IRl & 51
&3 100 20, 30° BEYF 40°C OMRFiC 15 BHYE
hi-BacREECER: &b CHKBA LS, B
Mk SHKIT 200C 5 30°C ORIET BE £pD
fr. L Lgdss, BRICENL SH L skbdid
30°C Lo 20°C wBnT LY EROE.

Hitko 1R .2 - P RNE R SR EENT
i 100, 200 300 B XUF 40C DEERTic 15 RiERAch
it PR I RN DT HFORE X UHR
DB LR L. BT PREERr LT
HEOCEEILHOEEI LML, X5 EHTO
Po2 LRWLEMEN D 30C THTHETS
2.

HED L ¥R 51 sucrose-C* i1 E B L TUFSE
AEhEh 15, 20° BkyF 25°C R hiiFicidn
THHEEBICUFOREMHE - SESACRRELERL



ME 2 - 3MAEBEC SR 3REGROGEE - SR CHLETRAEXOESE (1) 117

. HTo O BiE4R PR 0T LRI ODER
MPEe L Dl B h, MiRUEMIBREE 15C T
BExih, AELEHEEbEEP LA L L
G, ETO CU HIHNAIECERE AL S biciEh
Lic. AREEMUT, REAORIOERCEEE
AF360LREIONBN LS TED, BERESR
S BB~ OERCE X OB AL R & iR L TRk
NTEOPERBREMA, EBRICBRTILOEEAG
nz.

AWRABRTT RS, TRONHEESL G
fo/ SRS RS, 1L D G RN SR O
RS ELO#wERT. i, wrfoied
o 0 B & Bh SR G ot B M A PO B i IR e
#T 5.

1. HRZ= - mREH : BBy 5 BEOBRE
G A RTINS, BYERL 24:184-
185, 1955, 201-205, 1956,

2. Ariez, W. H.: Transport of organic compounds.
Ann. Rev. Plant Physiol, 3: 109-130, 1952,

3. Berrie, A. M.: The effect of sucrose sprays
on the growth of tomato. Plant Physiol, 13; 8-
19, 1960,

4, Bidduluph, O.: Diurnal migration of injected
radiophosphorus from bean leaves, Am. J. Bot-
any 28: 348-352, 1941,

5, Bidduluph, O, and J. Markle: Translocation
of radisactive phosphorus in phloem of the cot-
ton plant, Am. J. Botany 3E: 65-T1, 1944.

6. Bidduluph, 0. and R. Cory: An analysis of
translocation in the phloem of the bean plant
using THO, P32 and C!4, Plant Physiol. 32: 608~
619, 1957.

7. Bidduluph, S, F., 0. Biddulph and R, Cory:
Visual indications of upward movement of fo-
liar applied P32 and C!* in the phloem of the
bean stem, Am, ]J. Botany 45: 648-852, 1958.

8. Bohning, B. H, C. A. Swanson and A, I
Linck : The effect of hypocotyle temperature
on translocation of carbohydrates from bean
leaves, Plant Physiol. 27 : 417-421, 19582,

8. Chen, 8. L.: Simultaneous movement P2 and
Cl4 in opposite directions in phloem fissue.
Am, J. Botany 88; 203-211, 1851.

10. Craft, A, 8,: Movement of assimilates, vi-
ruses, growth regulators and chemical indica-
tors in plant. Bat. Rev. 17: 203-284, 1951,

11. Curtis, 0. F.; Studies on selute translocation

in plant. Experiments indicating that translo-
cation is dependent on the activity of living
cell. Am. J. Botany 16: 154-168, 1929,

12, Curtis, O. F. and S. D. Herty: The effect of
temperature on translocation from leaves, Am,
J. Botany 23; 528-538, 1936,

13, Curtis, 0. F. and D. G. Clark: An introduc-
tion to plant physiology. (McGrow-Hill Book
Co,, Inc,, New York 1950}

14, Fujihara, A. and M. Suzuki; Studies on the
carbon metabolism in the higher plant. II.
Structural distribution of the carbon-14 ab-
sorbed through the leaf in the rice plant. J.
Agr. Res. Tohoku Univ, 8; 89-87, 1957,

15. Goodall, D, W,: The distribution of weight
change in the young tomato plant, II, Changes
in dry weight of seperated organs and trans-
location rates, Ann. Bot. n. s, 10: 305-838, 1946,

16, Hanes, C. S.: Reversible formation of starch
from glucose-1-phosphate catalyzed by potato
phosphorylase. Proc. Roy, Soc. London, B. 1292
174-208, 1940,

17. Hewitt, 8. P. and O. F. Curtis: The effect of
temperature on loss of dry matter and carbo-
hydrate from leaves by respiration and trans-
location. Am, J. Botany 35: 746-755, 1948,

18, Hull, H. M, ; Carbohydrate translocation in to-
mato and sugar beet with particular reference
to temperature effect, Am, J. Botany 39: 661-
669, 1952,

19, Kursamov, A, L.; Recent advances in plant
physiology in the U.S.S5.R. Ann, Rev. Plant
Physiol. 7: 401-436, 1956.

20, Masson, T, G, and E, J. Maskell : Studies on
the transport of carbohydrate in the cotton
plant. Ann. Bot. 42: 189-258, 1928,

21, Mitchell, J. W. and Brown, J. W.; Movement
of Z4-dichlorophenoxyacetic acid stimulos and
it relation to the translocation of organic foad
materials in plant. Bot, Gaz, 107 : 393-407, 1946,

22, SH-ifkF  TURE : F r—d—ER X SEEEH
DR RORBNEEE LIS 2HR.  (F 1)
fiiptkch C14lte s & kR, AN & 2 (NH)eCHO
WX O FHEAUAER. HIHE:E, 26 :439-443, 1958,

23, Nelson, C. D. and P. R. Gorham: Transloca-
tion of radioactive sugars ia the stem of soy-
bean secdling, Can. J. Botany 35: 703-713, 1957,

24, BN Ot BERDRAHE. BOYE. 2, 1949,

25, Rabideau, G, S. and G. O, Burr: The use of
18 isptope as tracer for transport studies in
plant, Am, ]J. Botany 32: 348-356, 1945,

26. Rabideau, G. S. and L. W. Mericle: The dis-
tribution of C* in the root and shoot apices
of vounger plants, Plant FPhysiol, 283 320-333,



¥
&

118 = -3

1853,

27. BARE 1T HEEOMcHIA PR OBEHERIC:
LT REDOHE. BFRL, 20:273-275, 1961
28, DARE AT : H¥Kw s B Sucrose-Cl4 DR
kL LZTEFEORE. BfEg 30:27-90, 196L
29, Schumacher, W.: Untersuchungen iiber die
Wanderung des Fluoreszeins in den Slebrohren.

Jahrh. wiss. Botan. 77 : 685-732, 1933,

30, van Slyke, D, D, J. Plazin and J. R, Weisiger ;
Reagents for the van Slyke-Folch wet carbon
combution, J. Biol. Chem. 191: 299-804, 1551,

31, Swansom, C, A, and E, P, H, El-Shishing;
Translocation of sugar in concord grape. Plant

Physiol, 33: 33-37, 1959,

32, Ulrich, A.: Influence of night temperature
and nitrogen nutrition on the growth, sucrose
accumulation and leaf minerals of sugar beet
plant. Plant Physiol. 30: 250-257, 1955,

33, Vernon, L. P. and S. Aronoff ; Metabolism of
soybean leaves, 1V, Translocation from soybean

BAE F2W
leaves, Arch, Biochem. Biophys. 36: 383-398.
1952,

34. Went, F. W.: Plant growth under controlled
conditions. III. Correlation between various
physiological processes and growth in the
plant, Am, J. Botany 31: 567-618, 1944,

35, Went, F. W, and R, Engelsberg: Plant growth
under controlled conditions. VIi. Sucrose con-
tent of tomato plant, Arch, Biochem. 9: 189-
200, 19486.

36. Went, F. W.: The effect of temperature on
plant growih, Ann, Rev. Plant Physicl, 41 347-
362, 1953,

37, Went, F, W. and H. M. Hull.; The effect of
temperature upon translocation of carbohy-
drates in tomato plant, Plant Physiol. 24: 505-
526, 1949,

88, Zimmerman, M. H.: Transport in the phloem,
Ann, Rev, Plant Physiol. 11:167-190, 1960.

Summary

This paper gives the result of research made to find the influence of soil and air tempera-
tures on the tramslocation of carbohydrate and foliar-applied radioisotopes in the sweet potato

plant,

Respirational loss of dry matter and total carbohydrate from leaves of sweet potato increas-
ed progressively with each successively higher temperature when these plants were held in
darkness (15 hr.) at 10° 20°, 30° and 40°C, The optimal translocation losses of dry matter and
carbokydrate from leaves occured at 20°C to 30°C, but the increase of carbohydrate into the roots
by translocation was greater at 20°C than at 30°C,

The absorption of P32 from one leaf of sweet potato increased progressively with succesive-
Iy higher temperature when plants were held in darkness (15hr.) of soil temperatures of 10°,
20°, 30° and 40°C of air temperature. P® was translocated mainly into the root and lower stem

below the node of the treated leaf with P33,

The effect of soil temperature on the P accumulation in the roats of sweet potate was
generally greater than that of air temperature, especially the accumulation in the roots was
greater at the seil temperatures of 30° and 40°C which were higher at the root temperature than

at the temperature of leaf and stem,

When plants were held in darkness (12 hr.) at soll and air temperatures of 15, 20° and
25°C respectively, sucrose-Cl4 applied on a single leaf was translocated mainly into the root and
stem apex. In general, the effect of air temperature on C4 accumulation rate in the roois was
markedly greater than that of soil temperature, and in the roots the Ci4 accumulation rate in-
creased with decreasing air and soil temperatures, while in the leaves the rate decreased with

decreasing both temperatures.



