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Effect of Grafting on the Activity of Adenosine 5’-diphosphate
Glucose Pyrophosphorylase and Tuberous Root Production
in Sweet Potato (Ipomoea batatas Lam.)

Masao TsusoNE, Fumitake Kusora and Kazuyuki Sarrou
(Faculty of Agriculture, Kyushu University, Hakozaki, Higashiku, Fukuoka 812-81 Japan)
Received October 21, 1997

Ao aBRCBIIRZTF/ LoD VBTN A—REORRFR Y S—E584 EREEICRITTEANIBEORZE

PPARIEME - BEHSCE « BHERIE (WK ZERER)

F—D—F:T7F /Y YBIVI-AERRAFRY F—¥ (BC 2.7.7.27), hrva, ¥EHK, v, V-

R, BR,

Key words: Adenosine 5’-diphosphate glucose pyrophosphorylase, Grafting, Ipomoea batatas, Photosynthesis,

Sink, Source.

Adenosine 5’-diphosphate glucose pyro-
phosphorylase (AGPase ; EC 2.7.7.27) is the
enzyme catalyst in the formation of adenosine
5-diphosphate glucose in starch synthesis and
is regarded as one of the important determi-
nants for sink capacity and tuberous root
production of sweet potato?. A significant
difference was detected in AGPase activity in
tuberous roots among cultivars ; the high en-
zymatic activity facilitating a large production
of tuberous root*”.

AGPase activity has been examined prima-
rily from sink side in many reports®, but it is
not clear whether the source ability (CO,
exchange rate x leaf area) is influential for
AGPase activity in roots of sweet potato. In
this study, using grafted sweet potato plants in
which the source ability and source-sink rela-
tion were artificially altered, the relationships
between AGPase activity, CO, exchange rate
(CER) and tuberous root production were
investigated.

Materials and Methods

Three cultivars were used in this experi-
ment ; Koganesengan (K), a recently im-
proved cultivar with high vyield ; Tsuruna-
shigenji (T), a local, traditional cultivar with
poor yield ; and Histarch (H), a cultivar with
high concentration of starch in tuberous roots.
Koganesengan or Tsurunashigenji was graft-
ed as a scion on the stocks of these three
cultivars. K/T, for example, indicates the
combination of Koganesengan scion and
Tsurunashigenji stock.

A grafted plant (six different grafting com-
binations and three replications for each com-

bination) was grown in a sand culture pot
(8.0 L in capacity) in a greenhouse in the experi-
mental field of Kyushu University in 1995.
Kimura’s solution-A" at standard concentra-
tion was supplied as fertilizer at regular inter-
vals.

Three plants were sampled for each grafting
combination on the 64th and 97th days after
grafting to measure dry matter weight and the
activity of AGPase. Roots with a diameter of
more than 5 mm were classified as tuberous
root. From tuberous roots, AGPase was
extracted using the method of Yatomi et al.”,
and the enzymatic activity was assayed
according to the procedure described by
Nakamura et al.?.

CER of young expanded leaves was meas-
ured in a photosynthetically saturating light
intensity with a portable photosynthesis sys-
tem (SPB-H3, ADC, UK) on the 58th and
59th days after grafting. The air temperature
in the assimilation chamber was 34+ 1°C.

Results and Discussion

As shown in Fig. 1 (A and B), tuberous root
weight had statistically significant positive
relationships with AGPase activity. The activ-
ity of this enzyme is regarded as one of the
important determinants for tuberous root
production in grafted plants. AGPase activity
varied considerably with grafting combination
among cultivars. For example, the root of
Koganesengan (a high vyield cultivar) rep-
resented a high AGPase activity in K/K, but
the enzymatic activity decreased in T/K.

Table 1 shows CER of a leaf and leaf area
of a plant. The average of CER was 12.09
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Table 1. Leaf CER and leaf area in grafted plants.
A B Average
Grafts K/K K/T K/H T/K T/T T/H A B
CER 13.60 11.10 11.57 6.17 8.73 7.47 12.09 7.46
(gmol m~2s71) +0.81 +0.76 +0.34 +0.46 +0.46 +0.20
Leaf area 0.178 0.163 0.176 0.107 0.169 0.177 0.172  0.151

(m? plant™?)

K, T and H represent Koganesengan, Tsurunashigenji and Histarch, respectively.
Values of CER are averages of 3 replications+ standard error.
A statistically significant difference at the 19, level was detected between the average CER of A and B.
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Fig. 1.

The relationship between the activity of AGPase and dry matter weight in

tuberous roots on the 64th (A) and 97th day (B) after grafting. ** ; statistically

significant at the 197 level.

pmol m~? s™' when Koganesengan was graft-
ed as a scion, whereas it decreased to 629, in
the plants with Tsurunashigenji scion. In the
former, both stomatal and mesophyll con-
ductances were higher (data not shown). Leaf
area production was also large in the plants
with Koganesengan scion. The plant with high
source ability is expected to have an increased
production of tuberous root, but as shown in
Fig. 1, production changed to a large extent in
some scion-stock combinations.

According to a report by Stark et al.®; the
enhancement of AGPase activity by introduc-
ing an AGPase gene into a white potato plant
resulted in an increase in starch vyield. In
addition, they described the yield of transgenic
plants as not limited by photosynthetic car-
bon assimilation and AGPase activity prima-
rily regulated the end product. We also recog-
nized the positive relationship between
AGPase activity and tuberous root weight.
AGPase activity, however, seemed to vary
considerably in grafted sweet potatoes depend-
ing on the photosynthetic activity of the scion

cultivar. Thus, AGPase activity in roots of a
cultivar is not determined by genetic base
only, but it is likely to be modified by other
factors such as photosynthetic source. This
suggests that genetic manipulation is not
always effective on the enhancement of
AGPase in sweet potato root.
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