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Factors Influencing the Rooting of Cut-Sprouts 
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Abstract 
One of the limiting factors for dry matter production in sweet potato (lpomoea batatas Lam) 
is the establishment of cut-sprouts or cuttings. To improve the establishment of cut-sprouts, 
factors affecting the rooting of cut-sprouts were investigated. First, the effect of the soil tem
perature on rooting was investigated. The optimum soil temperature for rooting and varietal 
differences, varietal differences in rooting ability at a low soil temperature, and the effect of 
high soil temperature stress on the rooting were analyzed under controlled environment. The 
effect of vinyl mulching on rooting and the formation of tuberous roots was analyzed under 
field conditions. Second, the effect of holding (storage) of cut-sprouts on rooting was investi
gated. Beneficial effect of holding for 5 to 10 days on the rooting, formation of tuberous roots 
and yield was revealed. The physiological mechanisms of the beneficial effect of holding 
were al so analyzed. 

Discipline: Crop production 
Additional keywords: establishment of cut-sprouts, formation of tuberous roots, holding, 
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Introduction 

The main characteristics of dry matter produc
tion in sweet potato are as follows : (I) Maximum 
dry matter production rate is not very high. (2) 
Relatively high dry matter production rate persists 
for a long period of time. (3) Dry matter partition
ing to tuberous roots is very high9' . Based on these 
characteristics it is important for the improvement 
of the dry matter production and yie ld to accelerate 
the rooting and establishment of cut-sprouts afte1· 
planting. However, information about the 
physiological factors affecting these developmental 
processes is still limited. 

I have investigated the relationship between some 
envi ronmental or endogenous factors and the root
ing or establishment of cut-sprouts. The results or 
these studies have been publ ished in several 
papers•-1>. In the present paper, I summarize my 
studies on the effects of the soil temperature and off 

holding (storage) of cut-sprouts on the rooting of 
sweet potato. 

Effect of soil temperature on rooting of cut
sprouts and formation of tuberous roots 

The soil temperature is one of the major environ
mental factors influencing the rooting and tuberous 
root formation. The effect of the soil temperature 
on root ing, and some root characteristics of cut· 
sprouts were investigated under a controlled envi· 
ronment. The effect of polyethylene film mulching 
on rooting and tuberous root formation was also 
examined under field conditions. 

(1) Using a cultivar (abbreviated as cv.) Okinawa 
100, the critical and optimum soil temperatures for 
rooting were investigated at constant soil temper
atures from 13 to 40 ·c. The rooting of cut-sprouts 
occurred normally at soil temperatu res ranging 
from J 9 to 37 ·c. At a soil temperature of about 
30°C, maximum values were recorded for the root 

' Prese11l address: Project Research Team Sixth, National Agriculture Research Center 
(Tsukuba, lbaraki, 305 Japa,i) 
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Fig. l. Effect of soil temperature on number C• ) and 
tota l length (• ) of adventitious roots and root 
dry weight (• ) at I week after planting 

Cultivar : Okinawa JOO. 

length and root weight at I week after planting (Fig. 
l ). The number of leaves that recovered from wi lt
ing and developed at l and 2 weeks after planting 
a lso reached maximum values at :io•c. T herefore, 
the optimum soi l temperature for the rooting and 
establishment of cut-sprouts for the cv. Okinawa 
100 was found to be 3o·c. 

(2) The varietal differences in the optimum soil 
temperature for the rooting of cut-sprouts among 
the 12 Japanese cultivars were investigated at soil 
temperatures ranging from 26 to 35•c. The optimum 
soi l temperature for 8 cultiva rs, i. e. cvs. I<ogane
sengan, Okinawa 100, Shiroyutaka, Shirosatsuma, 
Minamiyutaka, Beniaka, Beniazuma and Norin 1 
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was about 3o•c. For the cvs. Kokei 14, Norin 2, 
Tamayutaka and Benikomachi, the temperature 
was higher than for the others, i. e. 32-35•c. 

(3) T he varieta l differences in the rooting abi lity 
at low soil temperatures were also investigated. 
First, the ratio of the root length at 1s·c to that at 
28'C was determined. The ratio differed among the 
cull ivars, and it was higher for the cvs. Norin l , 
Minamiyutaka, Kokei 14 and Benikomachi. Next, 
the root length per unit weight of cut-sprouts after 

4 weeks from planting at 1s·c was measured. It also 
varied. and the values were higher for lhe cvs. 
Norin l and Minamiyutaka and lower for Beni
komachi and Kokei L4, elc. (Table l). Thus the 
rooting ability at low soil temperatures appeared to 
be higher for the cvs. Norin 1 and Minarniyutaka. 

(4) To analyze the effect of high soil temperature 
stress on rooting and some root functions, cut
sprouts of 3 cultivars were exposed to soil temper
atures of above 4o•c for 0-24 hr per day du ring a 

period of I week after planling. Total root length 
decreased due to the high soil temperature treat
ments. However, in the treatment that lasted less 
than 2 hr, the extent of the decrease was small due 
to the compensatory increase in the number of 
roots, although the average root length apparen tly 

decreased. In spite of the decrease in the tota l root 
length, the number of leaves and transpiration rate 
d id not decrease by the exposure to a high soil 
temperature for 2 hr, presumably due to the in
crease in the root activ ity based on the root respira

tion rate and total sugar content (Table 2). In the 
high soil temperature treatments there were a 

Table 1. 'J'otal root leng th, root dry weight and number of leaves 5 weeks after planting 
at a soil temperature or 1s•c 

Fresh Dry Total 
C/A 

Root No. 
Cul ti va r weight of weight of root C/B dry D/ A D/13 CID of 

cut-sprouts cut-sprouts length weight leaves 
(A) (g) (Bl (g) (Cl (cm) (DJ (mg) 

I<oganesengan 39.0 3.55 708 l8.2 199 248 6.36 69.9 2.85 4.6 
Okinawa 100 32.8 2.99 682 20.8 228 259 7.90 86.6 2.63 5.4 
Norin l 31.2 3.74 984 31.5 263 423 13.55 ll3.I 2.33 6.9 
Norin 2 23.5 2.l5 <109 17.4 190 214 9.11 99.5 1.91 2.6 
l<okei 14 28.4 2.70 505 17.7 L87 244 8.59 90.4 2.07 3.8 
Tarnayutaka 28.7 3.01 1186 16.9 161 254 8.85 84.4 1..91 ,1.4 
Minamiyutaka 36.6 3.51 .1,092 29.8 311 450 12.30 128.2 2.43 4.7 
Benikomachi 38.'I 3.92 658 17.1 168 258 6.72 65.8 2.55 ,1.5 
Beniawma 30.5 3.39 699 22.9 206 291 9.54 85.8 2.<10 4.6 

Values are the average or 8 cut-sprouts except for the dry weight of cut-sprouts which is the product of the Fresh 
weight and dry weight ratio of another 8 cut-sprouts. 
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Table 2. Effccl of high soil temperature (40°C) treatment on rooting 
and some root characteristics at I week after planting 

Dura1ion of Root Root total Root No. of 
Cultivar CXJ?OSUfC 10 Total root Rool dry respiration sugcr starch Roo1 Root stele No. or dead Transpira· 

high soil length weight rate content content diameter diameter leaves leaves tion rate 
temperature 

(hr/day) (m) (mg) (mg/g/hr) (mg/g) (mg/g) (mm) (nnn) (µg/cm'/s) 

Kogane- 0 20.3 291 5.72 29.4 33.7 1.18 0.49 6.5 1.8 9.78 
3 16.l 266 6.16 32.4 33.2 l.16 0.44 7.5 0.5 8.17 sengan 6 2.7 62 6.85 33.6 33.3 1.09 0.34 5.8 1.7 3.10 
0 18.6 366 4.16 27.7 26.6 l.12 0.41 7.3 1.2 6.99 

Kokci 1,1 3 12.8 302 4.57 36.6 27.2 1.27 0.44 7.7 1.3 6.97 
6 3.3 85 7.35 49.8 30.3 1.29 0.38 7.2 l.O 3.44 

a) : Root respiration rate was measured at 25'C in the dark. 
Values are the averages of 6 plants except for the root and root stele diameter which are the averages of the thickest 
20 roots. 

large number of roots with few ce ll layers in the 
primary cambium and the lignificalion of the stelc 
cells was accelerated (fig. 2). Thus a h igh soil 
temperature above 40'C that lasted less than 2 hr 
per day did not suppress the establishment of cut
sprouts apparently. From the anatomical point of 
view, however, it appeared difficu lt for the roots to 
develop to tuberous roots81 when exposed to a high 
soil temperature even for only 2 hr per day. 

(5) The effects of polyethylene film mulching and 
the planting time on the rooting of cut-sprouts and 

the formation of tuberous roots were examined 
under field conditions by using 3 cultivars. The 
average soil temperature when mulching was omit
ted was about 2o·c at both planting times and it 
increased by about 6' C when clear film mulching 
was a1,plied and by about 2°C in the case of silver 

film mulching. The average duration when the so il 
temperature exceeded 40°C was 1.4-2.4 hr per day 
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Fig. 2. Effect of high soil temperature (40 °C) treament 
on the number of lignified (/\ : OJ and non-lig
nified CB : • J cells and lignification ratio 
(A/ I\+ B : • ) or root stele at I week after plant· 
ing 

Left: Koganesengan, Right: Kokci 14. 

in the case of c lear film mulching. Total root length 
at I week after planting was longer in the order of 
clear film>silver film>mulching omitted. Max
imum root d iameter at 4 weeks after planting was 
larger in the order of clear film> silver film> mulch
ing omitted. The distance from the root base to the 

portion with a maximum root diameter increased by 
clear film mulching apparently. Thus the rooting 
and establishment of cut-sprouts were accelerated 
by polyethylene film mulching, and this promotive 
effect was also observed in the formation of tuber

ous roots. However, due to the high soil temper
ature associated with clear film mulching, the roots 
became tuberous in the deeper soil layers where the 
temperature was not very high. Therefore, the 
shape and joint part of the tuberous roots bacame 
longer. 

Effect of holding (storage) of cut-sprouts on 
rooting and formation of tuberous roots 

It is noteworthy that sweet potato growers often 
plant cut-sprouts a few days after cutting in Japan. 

The effect of holding of cut-sprouts on the rooting, 
the formation of tuberous roots and yield was inves
tiga ted. In this study. lhc holding of cut-sprouts was 
carried out under a 13.5- 18•c and 80· 95% relative 
humidity regime and continuous weak light condi· 
lions. 

(1) The effect of holding for 5 to 15 days on 
rooting was tested by using 2 cultivars unde r 
controlled environment (28'C/ 18'C, day/night tem· 
perature). The number of roots al 1 week after 
planting decreased in the cut-sprouts subjected to 
holding. On the other hand. the average root length 
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Fig. 3. Effecl of holding on number (A), average length (B). total length (C) of adventitious roots 
and root dry weight (0) al I week after planting 

0 : J<oganesengan (1983), • : Koganescngan (1985), • : Kokei 1,1 0985). 

increased in the held ones. Consequently the total 

root length increased by the holding practice. The 
root dry weight increased by holding during 5- 10 
and after the 15-day holding period the root dry 

weight did nol differ from that of the control with· 
out ho lding. T he number of living leaves decreased 
markedly by the 15-day holding treatment (Fig. 3), 

Thus the holding of cut-sprouts for 5- 10 days 
appeared to exer t a beneficial effect on the rooting 
and establishment of cut-sprouts. 

Anatomical observation of the thickest roots at l 

week after planting showed thal the developmental 

stages of the roots were accelerated by holding. 
The primary cambium of the roots was also activat
ed by holding. These facts indicate U1al holding 
promoted the formation of tuberous roots ... 
However. the lignification of the stele in the roots 
was acce lerated by the 15-day holding treatment 
(Table 3). Since the stele lignification prevents the 
formation of tuberous roots*>, it appeared thal 
holding for 5- IO days accelerated the formation of 

tuberous roots. 

Table 3. Effect of holding on t he a natomical cha racteristics of roots at 1 week a fter 11lant ing 

Molding Root Root stcle 
No. of cell No. of No. of non· Lignifica. 

Cultivar period diameter diameter l;iyers in lignified cells lignified tion ratio 
(days) (mm) (mm) primari• in rooi stcle cells in (A/A~ 8, %) 

cambial zone (A) rooi stclc (Bl 
0 1.16 a 0.32 b 2.5 b 83.1 b 465.5 b 15.l b 

Kogancscngan 5 1.23 a 0.46 a 3.7 a 109.7 a 615.7 a 15.1 b 
10 1.15 a 0.39 ab 3.6 a 107.3 a 589.3 a 15.4 b 
15 1.10 a 0.38 ab 3.5 a 103.2 a SIOA ab 16.8 a 
0 1.21 a 0.31 b 2.2 b 57.8 C 488.4 b 10.6 b 

Kokei 14 5 l.21 a 0.37 ab 3.2 a 77.1 be 616.l a ll.l b 
10 t.26 a 0.42 a 3.5 a 121.4 a 611.1 ab 16.6 a 
15 1.11 b 0.33 b 3.0 a 103.8 ab 478.0 b 17.8 a 

Values arn the ave,·ages of the thickest 15 roots. 
The values followed b>• same letters are not significantly different accord ing to 5% level Duncan's multiple range test. 
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Fig. 4. Effect of holding on number (A), total length (B). average length (C} of adventitious roots 
and root dry weight (D) at l week after planting at differenL soi l temperaL111·es 

a. D : Average value per plant ± standard deviation. e. 0: Ratio to control without holding, 
a . • : Soil temperature 20'C, D. 0 : Soil temperature 30'C. 

(2) The effect of ho lding was a lso tested under 
unfavorable envi ronmental conditions. Under favorable 
conditions (soil temperature 30 ·c or soil moisture 

70% of field capacity) the total root length in
creased by about 10% by holding for 5- 10 days. On 
Lhe other hand, under a low soil temperature (20 ·c, 
Fig. 4) or moisture (30% of field capacity) regime, 
Lhe number of roots, total root length, average root 
length and rool dry weight increased by holding for 
5- 10 days by about 30-50%, 3 times, 2 times and 2 
times. respectively. Thus the beneficial effect of 
holding on rooting was more apparent under ad· 
verse environments. 

(3) To analyze the physiological mechanisms of 

the beneficial e ffect o f holding on rooting some 
physiological changes in the cut-sprouts during the 
holding period were investigated. 

The fresh weight of the cut-sprouts decreased 
gradually with the increase in lhe duration of the 
holding period, whereas the dry weight ratio in, 
creased. The lower leaves of the cut-sprouts began 
to wither after 10 clays of holding and on the 15th 
day about 3 basal leaves fell. Respiration rate in the 
cut-sprouts decreased on the 5th and 10th day of 
holding, bul it increased again to the initial rate on 
the 15th clay of holding (Fig. 5}. 

Nitrogen content in each organ of the cut-sprouts 
did not change during the holding period. Carbo· 
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hydrate content of the leaf blades a nd the upper 
stems decreased during the ho lding period. In the 
lower stems tha l corresponded to the rooting s ites. 
the content did not change in one cultivar and it 
increased in another cultivar during the holding 

period. lndole acetic acid (!AA) and abscisic acid 
(ABA) levels in the lower stems were analyzed by 

2.000 
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Table 4. Changes in IAA a nd ABA contents of basal 
3 nodes of stem (rooting site) during the 
holding period 

Holding IAA ABA C<llllCJ1t Cultivar period content (pmol/g fr. wt.) (days) (pmol/ g fr. wt.) 

0 134.1 745 

Koganesengan 5 48.5 t.067 
lO 76.5 904 
15 36.5 trace 
0 66.2 511 

Kokci 14 5 54.8 1,177 
10 HS 628 
15 25.7 trace 

IAA and ABA contents were determined by H PLC with 
fluorescent (Ex : 280, Em : 355 nm) and absorbancc (280 
nm) monitor, respectively. 

high performance liquid chromatography (Table 4). 
The 11\A level in the lower stems tended to decrease 
gradually with the increase of the duration of the 
holding period. On the other hand, the ABA level 
in lhe same pan increased on the 5th and !OU1 day 
of holding, and ABA d isappeared on the 15 th day 
of holding presumably due to the fall of the lower 
leaves. Based on the results obtained, it was sug· 
gested that the beneficial effect of ho lding for 5- 10 

clays was associated with the translocation or carbo· 
hydrates to lhe rooting site, without conspicuous 
loss of nutrient reserves by the respiration and 
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defoliat ion. The decrease o f the IAA level in the 
roo ting site seemed to be related to the decrease of 
the root number and the promotion of root elonga· 
t ion. The increase of the ABA level may be related 
to the suppression of excessive transpiration after 
planting. 

(4) Effect of holding on the field establishment o f 
cut-sprouts, formation of tuberous roots and yield 
was examined under field conditions for 3 planting 

t imes in 1985 and 1986 by using 2 cullivars. 
Although the survival ratio of the cut-sprouts was 

nearly 100% in every treatment, the number of 
leaves was larger and the transpira tion rate was 
higher at l or 2 weeks after planting in the 5- 10-day 
holding treatment than in the control without hold
ing. At 5 weeks after planting, the number and dry 
weight of tuberous roots in the case o f holding were 

la rger than those in the absence o f holding. The 
tota l dry weight and leaf area tended to increase 
with the holding pract ice at this stage. Althoug h no 
significant difference was observed in the yie ld in 
terms o f the duration of the holding period in 1985, 
higher yields at 1% signi ficance level were obta ined 
by hold ing in 1986. Also the total dry weight and 

harvest index increased in the case of holding (Fig. 
6). Thus it is concluded that the holding practice 
promoted the establishment of cut-sprouts and the 
fo rmation of tuberous roots, and that these effects 
were often related to the increase of yield. 

Both in the expe riments on the effects of the soil 
tempera ture and holding, a similar t rend was observ

ed as follows : the formation of tuberous roots was 
delayed when a larger number of roots and shorter 
roots were observed during the rooting of cut
sprouts. These results suggest that it is important 
to cons.icier the balance of two functions o f roots, 
i.e. absorption of water and nutrients and storage 
organ. fl is also suggested thal the root length is a 
more important characteristic than the root number 
for the optimum rooting form of cut-sprouts in 
sweet potato. 
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