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Research Period: 1987-90 
Research Site : International Cen­
ter for Agricultural Research in 
the Dry Areas (ICARDA) , Syria 

Fig. 1. 
Experimental field for cereal breed­
ing at ICARDA. 

Fig. 2. 

Seeds set in wheat self-pollinated 
( right), and cross-pollinated with 

maize ( left ) two weeks after pol­
lination. 

Efficient Production of Wheat Haploids through 
lntergeneric Crosses 

Masanori INAGAKI1
) and Muhammad T AHIR2l 

1) Tropical Agriculture Research Center, 2) International Center 

for Agricultural Research in the Dry Areas (ICARD A), Syria 

The collaborative research project on cereals between 
T ARC and I CARDA, undertaken during the period of 
1986-1990, placed emphasis on the improvement of cereal 
germ plasm ( Fig. 1), using the haploid breeding method. 
The objective of the project on cereal haploid production 
was to develop breeding methods that could accelerate the 
release of new varieties, as complementary tools for con­
ventional breeding programs. 

Since haploid plants carry only one set of alleles at 
each locus, after chromosome doubling the doubled haploid 
lines are completely homozygous and homogeneous. The 
dihaploidization process can thus provide a rapid method of 
developing recombinant inbred lines from hybrid progenies. 
Intergeneric hybridization of wheat with Hordeum bulbosum 
L. results in the formation of haploid embryos of wheat, fol­
lowing the preferential elimination of chromosomes of H. 
bulbosum. However, the success of haploid production de­
pends on which wheat genotypes are used for the crosses 
because the cross-incompatibility of wheat is genetically 
controlled. This report deals with the development of a 
method of efficient production of wheat haploids through in­
tergeneric crosses. 
Key words: wheat, haploid, intergeneric cross, embryo culture 

Materials and Methods 
In order to overcome the cross-incompatibility barrier 

of wheat, the use of alternative pollen from maize (Zea 
mays L.) and the application of a plant hormone were 
attempted here. Four check varieties of wheat, i. e., Norin 
61, Chinese Spring, Mexipak 65 and Highbury were used as 
female parents. The two pollen sources consisted of 
populations of H. bulbosum and maize. On each of two con­
secutive days after pollination, wheat culms with pollinated 
spikes were needle-injected with a 100 ppm solution of 
2, 4-dichlorophenoxyacetic acid ( 2, 4-D). Two weeks after 
pollination, immature embryos were aseptically cut out and 
transferred onto B 5 medium for plant regeneration (Fig. 
2). Additionally, twenty wheat varieties grown in West 
Asia and North Africa were examined for frequencies of 
haploid production through crosses with H. bulbosum and 



maize. 

Results and Discussion 
Table 1 shows the frequencies of embryo formation in 

the four wheat varieties crossed with H. bulbosum and 
maize. In the cross with H. bulbosum, two wheat varieties, 
Norin 61 and Chinese Spring, produced embryos at frequen­
cies of 23 . 6 % and 16. 9 %, respectively. These frequencies 
increased when 2, 4-D was applied. Without 2, 4-D ap­
plication, the crosses of wheat with maize did not produce 
any embryos, whereas with 2, 4-D application, all the wheat 
varieties produced embryos and the frequency of embryo 
formation ranged from 8. 3 % to 21. 1 % among the wheat 
varieties. Immature embryos ca. 1. 0 mm in size obtained 
from crosses with H. bulbosum and maize were regenerated 
to green plants within three weeks of incubation. A total 
of 226 plants was obtained from 534 embryos cultured. 
The frequency of success was 43 . 1 %. All the regenerated 
plants that were examined cytologically were euhaploids 
having a complement of twenty one wheat chromosomes 
(Fig. 3). 

Pollen 
source 

None 

None 

H. bulbosmn 

H. bulbosum 

Maize 

Maize 

2, 4-D 
application 

+ 

+ 

+ 

Wheat variety 

Norin 61 Chinese Spring Mexipak 65 Highbury 

0.0 0. 0 0. 0 0. 0 

0. 0 0.0 0.0 0. 0 

23.6 16. 9 0.0 0.0 

38.5 25.0 0.0 0.0 

0. 0 0. 0 0.0 0. 0 

17.5 21. 1 18. 9 8. 3 

Average frequencies of embryo formation in twenty 
wheat varieties from West Asia and North Africa crossed 
with H. bulbosum and maize are compared in Table 2. 

Pollen 
source 

H. bulbosmn 

Maize 

No. of florets No. of seeds No. of embryos 
pollinated set ( %) obtained ( %) 

2296 

1128 

1354 (59.0 ) 7 ( 0. 3 ) 

906 (80.3 ) 245 (21. 7 ) 

No. of plants 
regenerated (%) 

5 (0. 2) 

107 (9. 5 ) 

Fig. 3. 
Somatic 21 chromosomes of a 
wheat plant obtained from the 
cross with maize. 

Table 1. 
Effect of 2, 4-D application on 
embryo formation ( % ) in four wheat 
varieties crossed with H. bulbosum 

and maize. 

Table 2. 
Average frequencies of haploid 

production from twenty wheat varie­
ties in crosses with H. bulbosum 

and maize. 
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Overall frequencies of wheat haploid production were 0. 2 % 
us ing the H. bulbosum cross and 9. 5 % us ing the maize 
cross, indicating that the maize cross was more effi cient 
than the H. bulbosum cross. This high frequency of ha­
ploid production has been confirmed us ing F 1 hybrid plants 
as starting materials. 

This s tudy demon strated that maize pollination with 
s ubsequent 2, 4-D application onto wheat flor ets resulted in 
the production of wheat embryos capable of r egenerating 
haploid plants, even for wheat genotypes not crossable with 
H. bulbosum. 

Cross -incompatibility barrier in wheat has been suc­
cessfully ove rcome by us ing maize pollen. The maize tech­
nique is currently being improved as an alternative to the 
bulbosum technique for wheat haploid production. After 
chromosome doubling of haploids , a random sample of r e­
combinant inbred lines can be used for se lec tion of breed­
ing purposes. These lines may be also used as materials 
for the detec tion of the loci of quantitative traits of agrono ­
mic importance, through molecular techniques including 
DNA sequence polymorphisms and physical linkage maps. 

Refer enc es 
1) Inagaki, M. N. (1990) : Wheat haploids through the bul­
bosum technique. In : Biotechnology in Agriculture and 
Forestry, vol. 13 Wheat (ed. BAJAJ, Y. P. S.) 448-459. 
2) Inagaki, M. N. and Tahir, M. (1990) : Comparison of ha­
ploid production frequencies in wheat varieties crossed 
with Hordeum bulbosum L. and maize. Japan. J. Breed. 40: 
209-216. 



New Rice Varieties "Dian Jing No. 23" and "Dian Jing 
No. 24", Registered in Yunnan Province in China. 

Nobuyuki ABE2l , Yasuki FUJIMURA3l , Yoshikatsu FUJI­
TA l ) , Masakatsu INOUE4

) , Masatake IW AN05
) , Kazuhisa 

MATSUNAGA6l , Noboru HORISUE7l , Kunio MORIYA8l , 
Tadaaki HIG ASHI9

) , Yasufumi KUNIHIR010l , Zenzo OYA­
MADA 3l , WANG Yonghua11 l , JIANG Zhinong11l , WANG 
Huaiyi11l , HE Yunkun11

) , XIONG Jianhua11
) , KONG Ping11l , 

ZHANG Sizhu11l , LI Zhiyong11
) , LI Jiarui11l, LI Chengyun11l , 

HUANG Yingmei 11
), SUN Youquan11l , ZHOU Yuping11l , 

LI Xiuying11l , PAN Huanping11 l, LIU Ji11
) , HU Rukai11l , 

CHEN Guoxin11l , CHEN Tianrong11
) , WU Ruhui11

) , CHEN 
Quanchang11) , FENG Zhengyou11

) , ZHANG Zhaoming11l , LI 
Jianping11

), LIU Qiongfen11
) , 

1) Trop ica l Agric ultu re Research Center, 2 ) Hokkaido National 

Agricultural Experiment Station, 3) Aomori Prefectural Agr icultu ­

ral Experiment Station, 4 ) Aic hi Prefectural Agricultural Experi­

ment Station, 5 ) Ky ushu National Agricultural Exper iment Station , 

6)Miyagi-Furukawa Prefectural Agric ultural Experiment Station, 7 ) 

National Agriculture Research Center , 8 ) Kagoshima Prefectural 
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Since 1982, the Tropical Agriculture Research Center, 
Japan and the Yunnan Academy of Agricultural Sciences, 
Peoples' Republic of China, have been implementing a joint 
research program entitled "Breeding of Rice Varieties for 
High-Yie ld and Resistances to Cold Weather and Blast Dis­
ease through the Uti lization of Unexploited Genetic Re­
sources". 

The area planted to geng-rice in Yunnan province is 
located at an elevation between 1, 500-2, 400 m above the 
sea level. For the breeding of geng-r ice varieties adapted 
to the Yunnan conditions, it will be necessary to use the 
characteristics of rice varieties which vary among the loca­
tions, and many kinds of varieti es with differ ent character­
istics s hould be developed. 

In 1990 and 1991, the provincial government of Yunnan 
officially approved the registration of three and two new 
cultivar s developed through the Sino-Japanese cross-hyb­
ridization programs, respectively, due to the super ior per­
formance of these cultivars in the province. 
Key words : Rice breeding, high-y ield , cold and blast disease resist­

ance, Sino-Japanese cross hybridization 

Research Period: 1982-91 
Research Site : Yunnan Academy 

of Agricultural Sciences, Peoples' 

Republic of China 
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Fig. 1. 

Hexi No. 2 m the test field, Yun ­
nan. 

Fig. 2. 

Hexi No. 22 m the test field, Yun ­
nan. 

Materials and Methods 
(1) Japanese rice varieties "Todoroki-wase" and "Kihoh " 
were selected as parent mater ials for cross-hybridization. 
(2) Chinese rice varieties "Jinghong No. l " and "Chugeng 
No. 4" were also used as parent materials for cross-hyb­
ridization. 
(3) In 1983 and 1985, cross-hybridization between the 
Japanese varieties and Chinese Varieties was initiated. 
(4) The rapid generation advance method was applied for 
the F 1 and F 2 progenies der ived from cross-hybridization 
in Hainan is land . 
(5) After the F 3 progeny, se lection for high- yield and r e­
s istance to cold weather and blast disease was initiated 
within the Yunnan distric t and 27 lines were eventually 
selec ted from the progeny. 
(6) Twenty seven lines, "Hexi No. 1-No. 27" were tested 
for their performance including yield, resistance to cold 
weather and blast di sease and some other characteristics, 
in more than 12 different locations in the Yunnan dis tricts. 
(7) Five lines, "Hexi No. 2, 4, 5, 10 and 22" out of the 27 
lines showed a good performance in the above tests during 
a period of 2 years. These 5 lines were examined for their 
adaptability in the large scale verification trials conducted 
in farmers' fields. 
(8) We already reported that 3 lines, "Hexi No. 4, 5 and 
10" out of 5 lines were officially recognized as new rice 
varieties, "Dian Jing No. 18, 19 and 20" r espectively , in the 
Yunnan province in 1990. 

Results and Disc uss ion 
(1) In 1991, the prov incial government of Yunnan officially 
approved the r egistration of two new cultiv ar s developed 
through the Sino-Japanese cross- hybr idization programs, 
due to the s uper ior perform ance demonstrated by these cul­
tivars in the province. Especially, "Hexi No. 2" showed a 
good performance in the tests conducted in the padd y fi elds 
located at an elevation between 1, 700-1, 850 m from the sea 
level, while "Hex i No. 22" showed a good performance in 
the tests conducted in the paddy fi elds located at an eleva­
tion betw een 1, 500-1, 850 m from the sea leve l. 
(2) Their characteristics a re described as follows: 

1 . Dian Jing No. 23 = Hexi No. 2 : This progeny from 
the cross Todoroki-wase x Jinghong No. 1, is characterized 
by a high-yielding ability, early maturity, panicle number 
plant type, cold resistance and high-quality of hulled rice. 
It is anticipated that this variety will be cultivated in 
several districts located in th e central western part of Yun-



nan province, such as Dali , Baoshan, Chuxiong, etc. The 
planted ar ea to the variety developed which covered more 
than 9, 000 ha in 1991 will be increased in future. 

2 . Dian Jing No. 24 = Hexi No. 22 : This progeny 
from the cross Kihoh x Chugeng No. 4, is characteri zed by 
a high-yield , intermediate maturity , intermediate plant type, 
moderate cold res is tance, blast resi s tance , intermediate 
shatter ing habit, good ripening and intermediate lodging 
r es istance. It is anticipated that this variety will be culti­
vated in several dis tricts of Yunnan and Sichuan province, 
such as Yiliang, Yaoan, Lunan and Tonghai in Yunnan pro­
vince and Liangshan in Sichuan province. The planted 
ar ea to the variety developed which covered more than 
1, 300 ha in 1991 will be increased in future. 

T able 1. Major characteris tics of the two new varieties compared with standard ones . 

Name of variety Dian Jing No. 23 Yun Jing No. 9 Dian Jing No. 24 Chugeng No. 3 

Promi sing lines Hexi No. 2 (Standard) Hexi No. 22 (Stand ard) 

Maturity Ea rl y Late Intermediate Early 
Plant type belonging to : Panicle number Pan icle we ight Intermediate Panicle weight 
Heading/ Ripening time Jul. 21/Sep. 2 Jul. 30/Sep 16 Jul. 20/ Aug. 25 Jul. 15/ Aug. 23 
Culm height cm 68 101 80 83 
Panicle height cm 13. 7 16. 0 16. 5 16.6 
Number of panicles/ m 2 593 418 438 41 5 

Color of apicu lus Whi te ye llow Whi te ye llow White yellow White yellow 
Shattering habit Limi ted Very lim ited Intermediate Limited 
Lodging resistance High Low Intermedi ate Intermediate 

Leaf blast resistance High Intermed iate Very high Low 
Panicl e blas t res istance Very hi gh High Very high Low 
Genotype for blast resis tance Pi- k + Pi - km + 

Tolerance to co ld weather High Very hi gh Intermediate Intermed iate 

Yield (unhulled ) kg/ a 94 .4 82. 7 84.3 76.1 
Yield (hulled ) kg/ a 78. 3 69 .4 70.3 62. 7 
1, 000 grain weigh g 2l. 9 19. 7 19. 9 21. 0 
Quality of grain Good Poo r Good Intermediate 

Testing location Kunming Yiliang 
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Research Period : 1986-90 
Research Site : Tropical Agriculture 
Research Center, Okinawa Branch, 
and Kyushu National Agricultural 

Experiment Station, Japan 

Table 1. 
Characteristics of "Noh PL 1" and 

diploid sexual strain, GR 297. 

Development of a Sexually Reprod ucing Tetraploid 
Line for Breeding Apomictic Guineagrass 

Hitoshi NAKAGAWA l ) , Norihiro SHIMIZU2
) , Hiroyasu 

SAT03
) , Tokuhiro MOMONOKI3

) and Hiroshi NAKAN0 1
) 

1) Tropical Agriculture Research Center, Okinawa Branch, 2 ) 

National Grass land Research Ins titute, 3 ) Kyushu National Agri­

cultural Experiment Station. 

Apomixis, an asexual method of reproduction, provides 
a method for cloning plants through seed. One of the main 
advantages of apomixis is that it enables the development of 
hybrids or genotypes that breed true regardless of heter­
ozygosity which simplifies commercial seed production. 

Guineagrass (Panicum maximum Jacq.) is an apomictic 
grass native to tropical Africa. Breeding of guineagrass is 
difficult unless plants with sexual reproduction (hereafter 
referred to as sexual ) are available for hybridization. 
Sexual plants both at the diploid level ( 2n = 16) and at the 
tetraploid level ( 2n = 32 ) have been reported. However, 
most guineagrasses are tetraploid and apomictic. 

In Japan, about 140 accessions of guineagrass were col­
lected in East Africa by S. Hojito and T . Horibata under the 
project sponsored by the Tropical Agriculture Research 
Center during 1971-1973. Among them, one diploid obli­
gate sexual strain, 73-1126 ( GR 297), was identified and 
this accession was early-flowering and grew rapidly. 

The most effective way to use the tetraploid apomictic 
germplasm is to cross it with sexual tetraploids. There­
fore, the major objective of the study was to double the 
chromosome number of sexual diploid GR 297 by colchicine 
treatment and develop tetraploid sexual lines so that a 
guineagrass breeding program could be established. 
Key words: guineagrass, apomixis, colchicine 

Materials and Methods 
In 1986, germinating seeds of GR 297 were treated 

with 0. 1 % colchicine for 4 hours at the Coastal Plain Ex­
periment Station, Tifton, Georgia, U. S. A. Seedlings from 
88 % of 660 seeds treated died, while 3 tetraploids were 

Strain Heading Culm length Inflorescence Culm width Culm Node Flag leaf Flag leaf Sexuality 1l 
date (cm ) length (cm) (cm ) number number length (cm) width (cm) (%) 

Noh PL 1 Sep 14 131 30.2 8.5 31. 7 6. 1 15. 0 2. 26 100 

GR 297 Sep 6 149 26 . 9 9.1 34.9 7.4 15.9 2.19 100 

1) Ovules were observed 'with the par affin sect ioning method or the clearing method. 



obtained. The induced tetraploid sex ual pl ants were 
placed in a separ ate gr eenhouse and wer e open - pollinated. 
In 1987, all the 26 progenies were fo und to be tetraploid 
and sexual. Eight se lected tetraploid sexual plants were 
open-pollinated in a separate gr eenhouse and eight mater­
nal lines wer e developed by collecting seeds from each 
plant at Kyushu National Agricultu ral Experiment Station , 

Nishigoshi , Kumamoto. In 1988, three lines were se lec ted 
and designated as Col 1- 1, Col 1-2, and Col 1-3 at the Tro ­
pical Agriculture Resear ch Center , Okinawa Branch, Ishiga­
ki , Okinawa. In 1990, a promising line, Col 1-3, was r e­
named "Nekken l " guineagr ass after the evaluation of the 
lines and progenies from hybridization between sexual lines 
and apomictic germ pl asm. The "N ekken l " was regis tered 
by the Ministry of Agriculture, Forestry and Fisheries of 
Japan and named "Noh PL l " guineagr ass in 1991. 

Char ac teri stics of "Noh PL l " Guineagrass 
The "Noh PL l " guineagrass is tetraploid (2n = 32 : 

Fig. 2) and can r eproduce sexuall y (Fig. 3) by cross ­
pollin ation. It is annual and grows r apidl y though most of 
the guineagr asses are per ennial and grow s lowly. The 
morphological characteri s tics of "Noh PL l " and GR 297 a re 
shown in Table 1. This lin e crossed with apomictic tetra­
ploids should produce v igorous apomi ctic hy brid s whi ch 
are true breeding and could rapidly be incorpor ated into a 
testing program fo r des irabl e char acteris tics . The sex ual 
x apomictic crosses should also produce sexual progeny 
with modifi ed genotype. The new sexual plants will be ex ­
tremely useful for broadening the genetic base of sex ual 
female par ents. Preliminar y data indicated that the hy b­
rids between "Noh PL l " guimeagrass and apomictic males 
gr ew fast and the productivity in the firs t growing season 
was high though the productivity of the line itse lf is not 
ver y high. The hybrids between annual and per ennial are 
per ennial and some show hybr id vigor. 

This true- breeding induced tetraploid sexual line prop­
agated by seed should enable the development of an effec­
tive breeding progr am in Panicum maximum. 

Refer ences 
1 ) Nakagawa, H. ( 1990) : Embryo sac analys is and cros­
s ing procedure for breeding apomictic guineagr ass (Panicum 
maximum Jacq.). JARQ. 24: 163-168. 

2) Nakagawa, H. & W. W. Hanna : Induced sexual tetra­
ploids for breeding guineagrass (Panicum maximum Jacq.). 
( in press) . 

F ig. 1. 

"Noh PL l " guineagrass at the 

flowering stage. 

•• 

' I-

ll I 

Fig. 2. ( left) 

Meiotic chromosomes at metaphase 
I of "Noh PL l" showing 2 qu ad­

rivalents and 12 bi valents . 

F ig. 3. ( r ight ) 

Sex ual embryo sac in an ovule of 
"Noh PL l" observed with the pa ­

raffi n sec tioning method. 
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Research Per iod : 1987- 91 
Research Site : Chainat Field 

Crops Researc h Center, Thailand 

Breeding of Bruchid-resistant Mungbean Line in Thai­
land 

Nor ihiko TOMOOKA l l , Chalermpol LAIRUNGREANG2l, Po ­
janee NAKEERAKS2l and Charaspon THAVARASOOK2l 
1) Tropical Agriculture Research Center, 2) Chainat Field Crops 

Research Center, Department of Agriculture, Thailand 

In Thailand, two species of bruchid beetles ( Calloso­
bruchus chinensis, azuki bean weevil, and C. maculatus, cow­
pea weevi l ) were reported to cause serious damage to 
mungbean ( Vigna radiata) seeds during storage. The ini­

tial infestation starts in the field , where the adult beetles 
lay eggs on green pods and the larvae bore into the pod and 
feed concealed within developing seeds. When such seeds 
are harvested and stored, the larvae continue to feed, 
emerge as adults, and cause secondary infestation which at 
times r es ults in total destruction within a period of 3 to 4 
months. One accession ( TC 1966) of V. radiata var. sub­
lobata , a wild ancestral form of mungbean, exhibited a com­
plete res istance against C. chinensis in Japan. The resist­
ance of TC 1966 was controlled by a single dominant gene 
(proposed gene symbol R). Moreover, TC 1966 was resis­

tant to four species of bruchids, i. e., C. chinensis, C. macu­
latus, C. phaseoli and Zabrotes subfasciatus in Japan. Since 
TC 1966 is cross-compatible with cultivated mungbean, it 
was considered that a mungbean cultivar with good agrono­
mic characters that would be resistant to C. chinensis and 
C. maculatus could be developed under the environmental 
conditions of Thailand. Against this background, a breed­
ing program to develop a bruchid-resistant mungbean vari­

ety was initiated in Thailand in 1987. 
Key words : Vigna radiata, Vigna radiata var. sublobata , bruchid 

res is tance, wild germplasm 

Materials and Methods 
The breeding procedure to incorporate bruchid resist­

ance from TC 1966 to 'CN 60' is illustrated in Fig. 1. 'CN 

60', which is the ear liest mungbean cultivar (maturing in 
55-60 days) bred at Chainat Field Crops Research Center 
(Chainat FCRC) in 1987, was used as a female parent and 
was crossed with TC 1966. Recurrent back-crossing using 

'CN 60' as a male parent was started in the F 2 generation to 
improve the agronomic characters of the hybrids. After 

the F2 generation, resistant seeds were selected using C. 
chinensis and planted for backcrossing. BC3F1 plants were 
selfed to produce BC3F2 seeds. Resistant phenotypes (R/ R 



'CN 60' ** 
(susceptible) 

r/ r 

X TC 1966* 
(resistant) 

RI R 
F1 

(resistant) 
R/ r 
,j, ---- selfing 
F2 X 

R/ R, R/ r, r/ r I 
(select resistant) + 

BC1F1 

'CN60' 
r/ r 

X 

R/ r, r/ r I 
(select resistant) + 

BC2F1 
R/ r, r/ r 

(select res istant) 

'CN60' 
r/ r 

X 

BC3F1 

'CN60' 
r/ r 

R/ r, r/ r 
(se lect res istant) 

,J, -- selfing 
BC3F2 

R/ R, R/ r, r/ r 
(se lect res istant) 

! 
field experiment 
(use RI R and Rl r) 
(selfing) 
(individual harvesting) 
(select R/ R) 

BC3F3 
R/ R 

and R/ r) of the BC3F 2 seeds were selected , and were used 
for the field experiment. The BC3F2 plants were harvested 
individually. Resistant BC3F3 line (R/ R) was selected by 
checking the bruchid resistance of the BC3F3 seeds of each 
BC3F2 plant separately. A field experiment for comparing 
agronomic characters was conducted in the early rainy sea­
son in the field of Chainat FCRC. 

Results 
Tests for bruchid resistance 

Levels of resistance of cultivated and wi ld mungbean 
to C. chinensis and C. maculatus occurring at Chainat FCRC 
are indicated in Table 1. Among the s ix strains examined, 
only TC 1966 s howed a complete resistance to both, C. 
chinensis and C. maculatus. Although the number of eggs 
laid on the seed s urface of TC 1966 was equivalent to that 
in the other wi ld accessions, no adults emerged and no 
seeds were damaged in the case of TC 1966. Two other 
wild accessions and three recommended cultivars were sus­
ceptible at various levels to both C. chinensis and C. macu­
latus. 

Fig. 1. 

Breeding procedure to incorporate 

bruchid resistance from TC 1966 * 
to 'CN 60' **. 
*TC 1966 is a bruchid - resistant accession 
of wi ld mungbean ( V. radiata var. sublobata) . 
* * 'CN 60' is a recommended m ungbean 
cultivar ( V. radiata) in Thailand. 
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Table 1. Lev els of resistance of cultivated ('CN 60', 'KPS l' and 'KPS 2' ) 
and wild (TC 1965, TC 1966 and TC 2207 ) mungbean varieties 
to C. chinensis and C. maculatus . 

Bruchid Legume 100 seed Eggs / rep. Emergenc e Damaged Developmental 
species line weight (g) (No.) (%) seeds period (days) 

(%) 

C. chinensis 'CN60' 7. 1 38. 0 a * 80. 3 a 100. 0 a 23. 4 a 

'KPS 1' 7.3 22. 0 ab 86. 4 a 95. 0 a 24 . 0 a 

'KPS2' 7.3 29. 0 ab 89. 7 a 100. 0 a 24. 2 a 

TC 1965 1. 0 12. 0 b 66 . 7 a 89 . 5 a 26. 7 a 

TC 1966 1. 7 15. 5 b 0. 0 b 0. 0 b 

TC2207 1. 4 15. 0 b 70. 0 a 90. 0 a 25. 9 a 

C. maculatus 'CN 60' 7. 1 50. 0 a 60. 0 ab 100. 0 a 26. 7 a 

'KPS l ' 7.3 30. 0 abc 78. 1 a 100. 0 a 27 . 4 ab 

'KPS2' 7.3 35. 0 ab 75. 7 a 100. 0 a 27. 3 ab 

TC 1965 1. 0 19. 0 be 39. 5 b 85. 0 a 31. 6 b 

TC 1966 1. 7 9. 0 C 0. 0 C 0. 0 b 

TC2207 1. 4 15. 5 be 45. 2 b 70. 0 a 28. 8 ab 

Average of two repli cates, 10 seeds infested with two pairs of freshly emerged bruchid adul ts 

per r epli ca te. 

* : Mean separation within columns for eac h bruchid was perform ed us ing the least s ignifi can t 

difference at 99 % leve l. 

Breeding procedure 
'CN 60 ' could be easily crossed with TC 1966 and no 

abnormality was r ecognized in the F1 and subsequent gen­
erations. Resis tant seeds with a green seed coat were 
selected in the segregating generation (Fig. 2). Although 
bruchids laid many eggs on the surface of the r es istant 
seeds. larvae th at hatched did not reach the adult stage. 
Seed weight (1 00 seed weight ) of TC 1966 was 1. 7 g and 
that of 'CN 60' was 7. 1 g. Hence, 100 seed weight was ab­
out 3. 5 g in the F2 generation . The seed weight increased 
gr adually by the r ecurrent backcrossing and attained the 
minimum s tandard for r ecommended cultivars ( 5. 5 g/ 100 
seeds) in the BC3F1 gener ation (ca. 6. 6 g/ 100 seeds) . 

Agronomic characters of the resistant BC3F2 population 
Seed weight ( 100 seed weight ) of the res istant BC3F2 

population was s ignifi cantly lower (ca. 6. 3 g) than that of 
'CN60' (ca. 7. l g) and 'KPSl ' (ca. 7. 3g), but was large 
enough to s atisfy the standard ( 5. 5 g) r equested by the 



Thai Government. Since the resistant BC3F 2 population 
exhibited a larger number of pods per plant (ca. 23) than 
the check cul ti vars ( ca. 17 -18), seed yield per plant ( ca. 
13g) was comparable to that of 'CN60' (ca. 10g) and 
'KPS l' (ca. 14 g). Stems of the plants from the resistant 
BC3F 2 population were shorter in length ( ca. 45 cm) than 
those of 'KPS l' (ca. 68 cm) and comparable to those of 
'CN 60' (ca. 51 cm). Average number of days to 50 % 
flowering in the resistant BC3F2 population was 30 days, as 
in the case of 'CN 60', and 5 days earlier than in 'KPS l'. 
All the three entries matured ( with color change in 80 % of 
the pods ) 30 days after the occurrence 50 % flowering. 

Discussion 
It was revealed that the resistance of TC 1966 was also 

effective against the C. chinensis and C. maculatus species 
distributed in Thailand (Table 1). Genetic analysis indi­
cated that the resistance was controlled by a single domi­
nant gene. It was suggested that a water-soluble, high 
molecular weight, and heat-and protease-stable substance 
was responsible for the resistance of TC 1966. The subst­
ance responsible for the bruchid resistance should be furth­
er investigated in terms of toxicity to animals and human 
beings. 

Since no reproductive barriers were recognized be­
tween 'CN 60' and TC 1966, it was possible to produce hyb­
rids and to improve the agronomic characters of the hyb­
rids by recurrent backcrossing (Fig. 1). Based on the 
field experiment, it was concluded that the agronomic char­
acters of the resistant BC3F2 population reached the levels 
of the recommended cultivars. In the resistant BC3F2 
population, the plant was short with many pods and early 
maturity habit. The agronomic characters of the breeding 
line should be examined also in other seasons and locations 
in Thailand. 

V. radiata var. sublobata, which is distributed over a 
very wide area stretching from East Africa through Asia to 
North Australia, shows a wide genetic variation. Moreov­
er, no genetic barriers were recognized between V. radiata 
and V. radiata var. sublobata. Thus, V. radiata var. sub­
lobata can be considered as a very useful genetic source for 
mungbean breeding. However, few accessions of V. radiata 
var. sublobata are currently collected and preserved in the 
world's genebanks. Therefore, it is important to collect 
and preserve a larger number of different accessions of 
V. radiata var. sublobata occurring in wide geographical re­
gions. 

Susceptible 

Resistant 

Fig. 2. 

Res is tant and s usceptible seeds in 
the segregating generation ( BC2F 1) 
of 'CN 60 ' X TC 1966. 
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In Vitro Conservation of Pineapple Genetic Resources 
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Hiroshi N AKAN03l 
1) Tropical Agricu lture Research Center, 2) Tohoku National Agri­

cultural Experiment Station , 3) Tropical Agriculture Research Cen­

ter, Okinawa Branch 

Genetic resources of pineapple are generally conserved 
in fields by planting of crowns, suckers and slips which are 
obtained from original plants usually one or two years after 
the planting. In this way, one can easily detect genetic 
variations of the resources by naked eye observation. 
However, this practice requires field space and manpower. 
In addition, valuable genetic resources may be lost when 
natural disasters such as typhoons or severe drought occur, 
which limits the number of genetic resources of pineapple 
that can be preserved in the field. 

In this study, we attempted to develop techniques for 
long term in vitro conservation by adopting the improved 
method of meristem culture applied to higher plants. 
Key words : pineapple, germp lasm, long term conservation 

Materials and methods 
Materials : We used four kinds of pineapple clones, as fol­
lows : Hawaii ( Cayenne Group), Yellow Mauritius ( Queen 
Group), Abacaxi branco (Amarero Group), Ananas anana­
soides ( wild species). 

We used axillary buds derived from young crowns as 
explants in this experiment, instead of axillary buds de­
r ived from suckers in our previous experiments. 
Sterilization : We separated axillary buds from crowns with 
a sharp knife and steri lized them through the following pro­
cedures. After washing in tap water, we rinsed them with 
70 % ethanol for 5 seconds, and stirred them in 2 % chloride 
antiformin for 5 minutes (for 20 minutes in the previous 
experiments) on a magnetic sti rrer. Finally we rinsed them 
three times in sterilized water. 
Media ; We used two kinds of agar media and var ious kinds 
of liquid media as follows; 

MS I ; 3 % sucrose, 1 % agar, pH 5. 8. 
MS II ; 1. 5 % glucose, 1 % agar, pH 5. 8. 
MS ill ; 3,5,7, % sucrose, pH 5. 8 
MS N; 3 % sucrose, 2, 4-D and NAA, pH 5. 8. 

Media ill and N were used for the roller tube culture. 
Culture ; We used a sufficient amount of medium in each 

Research Period : 1985- 90 
Research Site : Tropical Agriculture 
Research Center, Okinawa Branch 
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Table 1. 

Rate of contamination and ger ­

mination in the current experiment 

and in previous experiments. 

I Hawaii 
R. 1.I ) R. G. 2l 

Current Experiment 18% 50% 

Previous Exp. 1.3
' 82 

2. 11 22 

Culture ; We used a sufficient amount of medium in each 
test tube. Tubes for the liquid roller tube culture were 
larger than those for the agar culture. Then we inoc ulated 
the buds on the agar med ia or in liquid medi a and cultured 
them at the temperature of 26°C under room light ill umina­
tion for growth of buds. 
Culture for long term conservation ; After a few leaves de­
veloped and a small plant emerged from the bud, we trans­
ferred the plants in tubes at lower temper atures r angmg 
from l6°C to 20°C for long term conservation. 

Res ults and Disc ussion 
In the bud culture of pineapple, it is difficult for the 

buds to maintain a high viability due to the high frequency 
of fungal and bacterial infec tion in the culture. 

In this exper iment, we were able to reduce the frequen­
cy of fungal and bacter ial infec tion compared to our pre­
vious experiments ( Table 1) . Among the four varieti es 
used in this experiment, the ratio of infected buds to all in­
oc ul ated buds was the highest in Yellow Mauritius (47 %) 
and the lowest in Hawaii (18 %) . 

Furthermore we improved the germination rate of the 
buds compared with the previous experiments ( Table 1). 
The ratio of germinated buds to all uninfected buds was the 
highest in Yellow Mauritius (100 %) and the lowes t in A . 
ananasoides ( 36 %) . 

: 

Y. Mauritius A. branco A. ananasoides Mean 

R. I. R. G. R. I. R. G. R. I. R. G. R. I. R. G. 

47% 100% 24% 58% 34% 25% 31 % 58% 

22 58 44 0 66 0 36 20 

1) R. I. ; Ratio of bud s with fungal a nd bac teri al infec tion to all inocula ted buds in the ex periment. 

15 

2) R. G. ; Ratio of germinated buds to uni nfected buds. 

3) Both in Exp. 1 (1 988) and Exp. 2 ( 1989) t he ax illa r y buds were der ived from suckers. T hen they we re rinsed 

in 70 % ethanol and we re st irred fo r 20 minutes in 2 % chloride anti for min. 

Also the ge rmination rate of the buds varied depending 
on the media ; it was higher in the case of roller tube cul­
ture ( average 79 % ) than in the case of agar culture ( average 
58 %) . The germination rate of the buds was higher in the 
medium containing 1. 5% glucose (average 63%) than in 
the medium with 3 % sucrose (average 53 %) (Table 2). 

In the fir st step of the culture, small plants emerging 
from the buds gr ew fast, particularly in the liquid media. 



I 
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However , the plants in the liquid media for the roller tube 
culture grew too fast to r emain fr esh for a long period of 
time in test tubes or flasks . There were no s ignificant dif­
ferences in the growth rate among the agar media. For 
long term conservation the agar culture was more suitable 
than the roller tube culture because subcultures were not 
necessar y. 

Medium]) Hawaii Y. Mauritius A. branco 

R. G.2) N. L.3l R. G. N. L. R. G. N. L. 

MS Agar Medium I 50% 3.0 100 % 6. 7 66 % 1. 8 

MS Agar Medium II 50 4.0 100 4. 8 50 1. 3 

MS Liquid Media ill 80 4. 7 100 10. 5 75 4. 7 

Mean 62 4. 1 100 6.5 63 2. 5 

1) Medium ; The medium is desc ribed in Materials and Methods (Media; ) . 

2) R. G. ; Ratio of germinated buds to uninfec ted buds. 

3) N. L.; Number of leaves. Aver age number of leaves on a small plant. 

We often observed abnormalities or callus-like ti ssues 
in several plants when we cultured the buds in media con­
taining auxin (2 , 4-D and NAA). 

In the second step of culture, after we transferred the 
plants in tubes at a lower temperature, the growth rate 
decreased r apidl y. In addition, we observed that small 

plants were well preser ved and appeared normal and heal­
thy even under lower temperature conditions (Fig. 1, 2) . 

On the basis of the res ults obtained, we consider that 
the procedures listed below are r equired for long term con­
servation of pineapple genetic r esources. 

1 ) Obtaining axillary buds from young crowns. 
2) Rins ing the buds in 70 % ethanol for 5 seconds and 

s tirring them for 5 minutes in 2 % chloride antiformin. 
Finally washing them three times in ste rilized water. 

3 ) Inoculating the buds on the MS agar media with an 
adequate concentration of glucose ( 1. 5 % ) at the tempera­
ture of 26° C for growth in the fir st step. 

4 ) Transferring the plants in tubes to an environment 
at lower temperature after small plants appear from the 
buds, for long term conservation. 

Genetic r esources can be adequately preserved through 
these procedures for more than four year s without any sub ­
culture, if a large quantity of med ium is put in each tube or 
flask. 

Table 2. 
Growth of four varieties in various 
media ( 50 days after inoculation). 

A. ananasoides Mean 

R. G. N.L. R. G. N. L. 

0% 53% 3. 3 
50 4.0 63 3.5 

66 4.5 79 6. 1 

36 4. 3 64 4. 4 

Fig. 1. 
Genetic resources of pineapple 
preserved in test tubes ( upper ) 
and flasks ( lower ). 
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Rice Planthoppers and Their Natural Enemies in the 
Paddy Fields of the Muda Area. West Malaysia 

Takashi WADA1>, Tomonari WATANABE2l and NIK Mohd. 
Noor3) 

1) Tropica l Agriculture Research Center, 2) Kyushu National Agri­

cultural Experiment Station, 3 ) MARDI Alor Setar 

The Muda irrigation scheme is the largest rice granary 
of Malaysia. It comprises 96, 000 ha of paddy fields and 
accounts for about 50 % of the national rice production . 
Double cropping was initiated in 1970 and direct-seeding 
culture has been wide ly adopted by the Muda farmers. Af­
ter the initiation of double cropping, the insect pest com­
position of rice paddies changed with the changes in the 
agronomic and cu ltural practices. The occurrence of the 
rice planthoppers, both the brown planthopper Nilaparvata 
lugens and the white-backed planthopper Sogatella furcifera, 
has increased and they have become a new threat to rice 
production. The objective of this study was to analyze the 
mechanism of population growth of the planthoppers and to 
determine the factors which regul ate the planthopper 
populations. 
Key words : Nilaparvata lugens, Sogatella furcifera, natural enemies. 

rice, Malaysia 

Materials and Methods 
Periodical population surveys of the planthoppers and 

their predators were conducted in direct-seeded paddy 
fields during four crop seasons. A suction machine with a 
portable petroleum engine was used for the surveys. 
Arthropods collected were kept in 70 % ethanol and identi ­
fied under a binocular microscope. The planthoppers 
collected were checked for parasitism. For checking egg 
parasitoids, the rice plants in which planthoppers had pre­
viously laid eggs were placed in a paddy field and were ex ­
posed to the attack of parasitoids. Four days later, the 
eggs in the rice plants were taken out in a petri dish for 
observation of parasitism. The generations of the plant­
hopper were tentatively identified on the basis of heat 
acc umulation of one generation of the respective planthop­
pers. 

Results and Discussion 
The population growth pattern of both the brown plan­

thopper and the white-backed planthopper in Muda was 
generally characterized by 1) a low immigrant density at 

l 



Table 1. 

the early stage of rice growth, 2) the presence of two lar­
val generations and optional third generation after the inva­
sion of immigrants, 3) high population growth rates up to 
the 2nd generation and 4) low population growth rates 
from the 2nd to the 3rd generations ( Table 1). Since the 
population suppression in the later generation was usually 
very strong, no hopperburn occurred in ordinary paddies. 
In most cases serious outbreaks of the planthopper were 
observed in the paddies where biotic communities were con­
siderably disturbed, for example, by the application of in­
secticides at the early stage of rice growth. 

Average pattern of population 
growth of rice planthoppers in the 

Muda area. 

Species 

White-backed 

planthopper 

Brown planthopper 

Maximum density 

of immigrants/m2 

3. 7 

17.9 

Mean density of 3-5 ins tar larvae/m2 

1st 2nd 3rd generation 

32 288 129 

40 187 67 

Population growth rate* 

r1 r2 r3 

22.6 12. 3 0.4 

21. 1 10. 9 0.4 

* r, . r2, r 3; population growth rate from immigrants to the first gener ation, from the 1st to t he 2nd and fro m the 2nd to 

the 3rd generations, respecti ve ly. based on the number s of adults fo r r 1 and on the 3rd to 5th instar lar vae fo r r2 and r 3. 

The presence of a great diversity was another impor­
tant characteristic of the planthopper population growth in 
Muda. For example, the population growth rates of the 
brown planthopper from immigrants to the first generation 
and from the 1st to the 2nd generations ranged from 0. 6 to 
42 and from 0. 3 to 18, respectively. These values indi­
cated that the population peak of the planthoppers occurred 
some time at the time of immigration or in the 1st genera­
tion, instead of the 2nd generation, which was the most 
common in Muda. 

The interaction between planthoppers and their natu­
ral enemies seemed to be the major factor controlling the 
population growth pattern. The amount of immigrants at 
the early stage of rice growth was the most important fac­
tor that inf! uenced the subsequent population size in 
temperate paddy fields. In the tropical paddies of the 
Muda area however, there was almost no relation between 
the amount of immigrants and the peak density. Since the 
population growth rates tended to be low in the fields 
where the relative density of natural enemies to the plan­
thoppers was high, it is considered that the natural enemies 
played an important role in the regulation of the planthop­
per population. 
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Fig. 1. 
Egg parasitoid, Oligosita ( top), pa­

rasitized eggs (middle) and normal 
eggs ( bottom ) of the brown plant­
hopper. 

Fig. 2. 

Example of changes in the parasit­
ism of the eggs of the brown plant­
hopper (1989, 2nd crop). 
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Egg parasitoids seemed to be the most important natu­
ral enemies among the parasitoids of the planthoppers. 
The predominant egg parasitoids consisted of two genera of 
tiny wasps, Anagrus and Oligosita (Fig. 1). The percen­
tage of planthopper eggs parasitized by either genera 
ranged from 10-70 % depending on the fields and periods . 
In general, parasitism by these wasps increased with the 
progression of rice growth, and reached usually a value of 
more than 50 % in the later stage. (Fig. 2). Parasitism by 
drinid wasps and twisted-winged parasitoids, elenchids 
which attack nymphs and adults of the planthoppers was 
also common in the Muda area. The net proportion of 

planthoppers parasitized by these nymphal parasitoids, 
however, was usually less than 20 %. These nymphal pa­
rasitoids were less effective for the control of the planthop­
per population. 

Spiders and the small water bug, Microvelia ( Fig. 3) 
were the predominant polyphagous predators in the pad­
dies. The density of these predators increased with the 
progression of the rice stages and reached a maximum 
value after the flowering of rice ( usually a few or some­
times several hundred / m2

, respectively). It is difficult to 
evaluate the role of polyphagous predators as natural ene­
mies of the planthoppers because we do not know how 
many planthoppers were killed by the predators. We de-
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veloped an index (HSI) to estimate the survivorship of 
small nymphs of planthoppers, using age-specific planthop­
per population data obtained periodically in various fields. 
The results revealed clearly that the survivorship of the 
small planthoppers decreased when the density of -spiders 
or Microvelia increased (Fig. 4). These results suggest 
that spiders and Microvelia contributed to the suppression 
of the planthopper population. 
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Fig. 3 . 
Relationship betw een the dens ity 
of Microvelia and the hopper sur ­
vival ind ex (HSI). 
HSI = total number of 4th and 5th instar 
larvae / total number of 1s t, 2nd and 3rd 
instar lar vae in the prev ious s urvey . 

Fig. 4. 

Adult of Microve lia. 
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Research Period : 1988-90 

Research Site : Xinjiang Institute 
of Biology and Desert Research, 

Peoples ' Republic of China 

Role of Windbreaks in the Alleviation of the Effect of 
Adverse Climatic Conditions and Prevention of Wind 
Erosion 

Taichi MAKI1l , Borong PAN2l and Makoto N AKAI 1l 
1) Tropical Agriculture Research Center, 2) Turfan Desert Re­

search Station, Xinjiang Institute of Biology, Pedology and Desert Re­

search, Chinese Academy of Sciences, Peoples' Republic of China 

Meteorological observations relating to the alleviation 
of the effect of ad verse climatic conditions in arid land 
were carried out at the Turfan Desert Research Station, 
Xinjiang Institute of Biology, Pedology and Desert Research, 
Chinese Academy of Sciences located in the northwestern 
part of China from 1990 to 1991-

It was demonstrated that the use of windbreaks allevi­
ated the adverse effects of wind speed and air temperature, 
improved the surface soil temperature and relative humid­
ity, and prevented wind erosion. 

Dry lands account for one third of the total surface 
area of the world. The process of desertification has been 
accelerated recently by excessive cultivation, deforestation, 
and over-grazing. In the marginal agricultural areas of 
the dry lands, land erosion and sand accumulation due to 
dry wind are being promoted by the scarcity of water, and 
agrometeorological disasters are likely to occur frequently. 
We demonstrated that under very dry conditions, wind ero­
sion could be prevented and adverse meteorological condi­
tions could be alleviated by the use of a tamarisk wind­
break forest in July, 1990, and by the construction of wind­
break nets in October, 1990. 
Key words : windbreak forest and net, arid land, climatic improve­

ment, wind erosion 

Materials and Methods 
The meteorological parameters were measured by us­

ing several instruments on the windward and leeward sides 
of a windbreak forest and two windbreak nets*. 

The windbreak forest consisted of tamarisk trees 
(Tamarix L.) with a mean height of 4. 6 m, width of 11 m 
and length of 1 km. The density** of the windbreak 
forest was 85 % ( 50 % in the upper layer and 100 % in the 
middle and lower layers). 

The windbreak nets were made of two kinds of 
polyethylene Russell nets with a height of 1. 85 m and 
lenght of 30 m. The original net densities set a 30 % for 
the A net and 40 % for the B net, were (A) 50 % and (B) 



.. 

45 % during the observation period, due to the deposition of 
plant seeds and soil particles. The meteorological para­
meters measured included the wind speed, wind direction, 
air temperature, surface soi l temperature and relative 
humidity. In addition, the accumulation of sand was moni­
tored. Observation points on the windward side were lo­
cated at-20, -10, - 7, -5, - 2, -1, -0 H and on the leeward 
side at 0, 1, 2, 5, 7, 10, 15, 20, 25, 30 H for both windbreaks, 
and also in the center of the windbreak forest. The 
numerical of H indicates the distance that is represented by 
the multiple of the height (H) of the windbreak forest or 
net, the negative s ign corresponds to the windward side 
and positive to the leeward side. 

The observation periods ranged from July 1 to 2 for the 
windbreak forest and October 10 to 13, 1990 for the wind­
break net. 
* Details on the instruments used are included in the re­

ferences (1) and (2). 
** Density = 100 % - porosity . 

Results and Discussion 
(1) As shown in Fig. 1 A (6: 00 July 2), the relative 

wind speed decreased from-10 H and returned to the origin­
al value at 30 H. The values (percentage)* ranged from 
10 to 20 % from the center of the windbreak forest to 5 H 
and the wind speed increased gradually after 5 H. The 
wind from O to 5 H blew in the opposite direction and made 
eddies . Surface so il and air temperatures decreased in the 
range from -1 to -2 H by radiation cooling and increased 
significantly at OH by sunshine. Relative humidity in­
creased from -2 to 25 H, particularly at O to 2 H due to the 
evapo-transpiration from tree leaves, reflecting the benefi­
cial effect of the windbreak on the alleviation of adverse 
climatic conditions in arid land. 

(2) As shown in Fig. 1 B ( 12: 00 July 2), the wind 
speed decreased from -10 to 15 H, but the decreasing area 
was smaller than that at 6 : 00 because the wind direction 
formed on acute angle with the windbreak although the 
values of minimum wind speed (10 to 20 %) did not 
change. The surface soi l temperature which was very high 
and ranged from 70° to 80°C in and around the windbreak 
forest, decreased to 20° to 25°C, indicating the effect of the 
windbreak on the alleviation of adverse climatic conditions. 

This beneficial effect was also observed in the case of 
the relative humidity which increased considerably in the 
center of the windbreak and sl ightly near the leeward s ide. 
The increase of the air temperature by 2 to 3°C from -2 to 
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20 H and the decrease of the relative humidity from 5 to 15 
H were not beneficial for crop cultivation in arid land in 
summer . 

(3) The remarkable decrease of the wind speed associ­
ated with the wide effective area of the windbreak forest 
(30 H at 6: 00) was due to the fact that the direction of the 
wind formed a 90° angle with the windbreak forest. On 
the other hand the effective area was not wide ( 15 H at 
12: 00) when the direction of the wind formed a 45° angle 
with the windbreak forest. 

Although the air temperature increased inside the 
windbreak forest on the leeward side in the daytime, at 
night it decreased on both the windward and leeward sides, 
and increased in the early morning on the windward side 
by sunshine. 

The relative humidity was high inside and near the 
windbreak forest due to the evapo-transpiration from tree 
leaves of the windbreak forest. 

The changes in the surface soi l temperature were simi­
lar to those of the air temperature . . However the tempera-



ture ins ide the windbreak forest was 25°C lower compared 
with the temperature outside the forest due to the shadow 
of the trees. 

Wind erosion was negligible for values ranging from 
- 5 H on the windward s ide to 10 H on the leeward s ide, and 
sand accumulation was present at va lues from -5 to 5 H. in 
particular on the windward and leeward sides from -2 to 
2H. 

It is necessary to plant a windbreak forest that is re­
sistant to strong wind, as well as dry, high- low tempera­
ture and salinity conditions in the dry land of Northwest 
China. As the use of tamarisk trees can alleviate the 
adverse effect of the ·meteorological conditions and prevent 
wind erosion, due to their res istance to adverse conditions, 
such trees are suitable for a windbreak forest. 

(4) As shown in Fig. 2 ( 10: 30 October 13 ) , the wind 
speed decreased from -10 to 15 H and the minimum value 
was 20 % for the A net and 40 % for the B net. The sur­
face soil temperature and air temperature increased, but the 
relative humidity decreased from 5 to 10 H due to the effect 
of the net. The surface temper ature near the leeward side 
decreased due to the shadow of the nets. 

(5) Minimum re lative wind speed decreased to 25 % and 
35 % by nets at densities of 50 % and 45 %, respectively. 

The air temperature increased in the range from -5 to 
10 H, the re lative humidity decreased in the range from 5 to 
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Fig. 2 . 

Changes in the meteorological pa ­
r ameter s in the day time and at 
night assoc iated with windb reak 
nets under dry and high tempera ­
ture conditions in Turfa n ( North ­
west China, 10 : 30, Oct. 13, 1990 ) . 
Ur : Relati ve wind s peed , T s : S urface soil 
temper at ure, RH : Relati ve humidity, T a 
Air temper atu r e. 
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Fig. 3. 

Changes in the amount of sand 

accumulated due to the presence of 

a tamarisk windbreak fo rest 
• ; high acc umulation ar ea, 
• ; medium accumul ation area. 

Photo. 1. 
Tamarisk windbreak forest (upper) 

and wind break net ( lower ). 
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7 H. The surface soil temperature decreased in the range 

from 1 to 2 H due to the shadow of the nets and increased 
near 5 H by sunshine for both windbreak nets . 

(6) As shown in Fig. 3, the accumulation of sand was 
high in the center of the windbreak forest ( 1. 5 m and 2. 5 m 
for the medium and high accumulation areas, respectively). 
The accumulation area increased from -5 to 5 H, due to the 
prevailing NW wind. Sand accumulated near the wind­
ward and leeward sides due to the decrease of the wind 
speed in these areas. 
* The relative wind speed is expressed in percentage by 

taking Ur at 1. 5 m height at -20 H as 100 %. 
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Growth of Trees Planted in Degraded Forest Land 

Shobu SAKURAI1
> and Loretto V. De La CRuz2

> 

1) Forestry and Forest Products Research Institute, 2 ) College of 

Forestry, University of the Philippines 

There are many areas of degraded land caused by 
shifting cultivation and overgrazing in the tropics. One of 
the methods to improve the land productivity in such lands 
is the implementation of re / afforestation. Since tree growth 
is an important index of land productivity, we analysed the 
tree growth in a man-made forest composed of long rotation 
tree species in the experimental forest of the University of 
the Philippines as well as the growth of fast-growing tree 
species planted in a markedly degraded area, in Carranglan, 
central Luzon island, the Philippines. This research was 
implemented under the Tropical Agriculture Research Prog­
ram of TARC. 
Key words : rehabilitation , degraded land , afforestation, the Phi lip­

pines 

Growth of long rotation tree species in relatively good stand 
Before the University of the Philippines at Los Banos 

(UPLB) was established in 1908, the foot of Mt. Maq uil ing 
(1090 m above sea level) was widely cultivated by shifting 
cultivators and the vegetation of the abandoned area was 
replaced with cogon grass (Imperata cylindrica). There are 
various levels of land exploitation for agriculture / agro­
forestry at the foot of the mountain including sloping land. 
The Maquiling Botanical Garden (MBG) and the experi­
mental forest are located behind the University. Afforesta­
tion around the area started after this period. The outline 
of four man-made forests in the MBG and experimental 
forest is shown in Table 1. Two mahogany (Swietenia 
macrophylla) stands formed almost pure forests. The ratio 
of the stem volume of the dominant trees to the whole 
vo lume ranged from 80 to 85 %. In the mixed forest of 
bagtikan (Parashorea malaanonan) and palosapis (Anisoptera 
thurifera), the value of the ratio was 70%. Though the 
value of the ratio was lower than that of the mahogany 
stands, since the size of the lower layer trees was relatively 
larger, the total stem volume was almost the same as that of 
the mahogany stand. Based on the records of UPLB, the 
age of these forests is estimated at approximately 80 years 
old. Assuming that the age is 70 years old, the average 
year ly increment of the stem volume is likely to range from 
lL 5 to 13 m3 ha-1

. Since the vo lume of the standing crop 

Research Period: 1990 
Research Site : Coll ege of Forestr y, 
University of the Philippines, the 
Philippines 
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Table 1. General description of man-made fores t in and around 
MBG. 

Aver age Per hec tar e 

Stand DDH Height No. B. A. Volume Total s tem 
(cm) ( m ) (sq. m) (cu. m) vo lume(cu. m ) 

Swietenia 43. 4 29. 1 281 44.6 6361 ) 7952 ) 

macrophylla I 18.5 16.8 521 16. 1 1581 ) 

Swietenia 52. 3 31. 7 224 52. 0 764 897 
macrophylla IT 18. 2 17. 1 181 5. 7 56 

Parashorea 44.8 30.1 188 31. 0 444 800 
malaanonan 23.3 18.9 200 9. 2 94 
Anisoptera 46.8 30.4 50 9. 1 131 
thurifera 20.0 17.3 131 4. 9 50 

Parashorea 42.9 28. 7 81 13. 9 200 440 
malaanonan 18.5 15. 9 30 1. 1 11 

Dipterocarp1ts 26.9 23 . 8 200 12. 2 153 
grandifloms 13.4 14.2 390 6.6 58 

1 ) Upper rows indicate dominant tr ees and lower rows indicate suppressed tr ees. 

2) Stem vo lume was estim ated based on Aki ta-sugi s tem vo lume ta ble. 

of sugi (Cryptomeria japonica ), one of the important s ilvi ­
cultural tree species showing adequate gr owth in Japan is 
879 m3 ha-1 

( 1st gr ade s tand in the predicti on table of 
Kanto- Abukuma distric t ) and the aver age s tem volume in­
crement is 12. 6 m3 ha- 1

, it is assumed that the value r e­
corded in the man - made fo r ests around UPLB is a lmos t 
equiv alent to that of a fine sugi stand . 

In the mixed forests of bagtikan and apitong (Diptero­
carpus grandiflorus), younger and s mall apitong trees are 
planted among spar se large bagtikan trees. As the apitong 
trees are small , the tota l s tem volume is small. Assuming 
th at the age of the bagtik an trees is 70 and that of the api ­
tong trees 30 year s old, r espec tive ly, t he annu al increment 
of the s tem volume would be about 10 m3ha-1

, a value smal­
ler than that r ecorded in the other stands. However a 
la rge amount of trees has already been har vested, in par­
ticular , in the bagtikan and apitong mixed stand, a large 
amount of bagtikan trees has been harvested to plant api ­
tong trees . Ther efore, it is ass umed that th ese for ests dis­
play a high productivity and ar e good timber plantations. 
These observations suggest that good tree pl antations can 
be established in cogon grass lands covering degr aded land. 



Growth of trees planted in degraded forest land 
Afforestation attempts in Carranglan were initiated in 

1977 under a joint project between Japan and the Philip­
pines sponsored by the Japan International Cooperation 
Agency (JICA ) . Many seedlings died and repeated die 
back occurred year by year due to drought and soil com­
paction . Various attempts to improve the physical soil 
properties enabled Acacia auriculiformis and Gmelina arborea 
( yemane ) trees to become adapted to the environment. 
The values of various parameters recorded during our sur­
vey are shown in Table 2. 

Growth of Acacia trees in the stand established in 1980 
was satisfactory and the canopy has already closed. The 
average annual increment of volume is about 10 m3 which is 
by no means inferior to the values recorded in forests in 
Japan. The growth of young Acacia trees in the stand 
established in 1984, on the other hand, was not satisfactory. 
Since the site conditions of both stands were very similar, 
it is suggested that the productivity in the former Acacia 
stand may have been improved by the growth of the legume 

Fig. 1. 
Palosapis pl anted under A. auricu ­

liformis. 

Table 2. General description of stands s urveyed in Carrangl an. 

Average Per hectare 

Stand Planting DDH Height No. B. A. Volume Total stem 
(year) (cm) (m) (sq. m) (cu. m) volume(cu. m) 

Acacia 1 1984 5.6 5.8 1,507 4.0 16.0 17.2 
4. 1 4.3 289 0.4 1. 2 

Acacia 2 1980 10. 3 12.1 1,235 10. 7 73. 7 86. 4 
5.9 8.5 795 2.4 12.6 

Teak 1977 7.2 6.4 1,938 8. 4 34. 7 38.4 
6.3 5.8 250 0.9 3.6 

Yemane 1984 7.3 5.9 1,555 6.8 25.4 26.8 
5. 7 5.2 151 0.4 1. 4 

Kesiya 1977 12.2 6.3 1,590 19. 7 70.3 70.9 
pine 10.9 6.1 48 0. 5 1. 6 

Pine 1977 12.4 6. 8 258 3. 2 12. 1 101. 7 
and 9.6 5.8 1,220 3.6 35. 0 
Yemane, etc. 16.1 10.6 390 8. 7 52.4 
mixed stand 6.8 7.4 130 0.5 2.2 

Legend : See Table 1. 
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Table 3. 
Growth of Dipterocarpaceae tree 
species planted under other trees. 

29 -

tree species. 
Teak ( Tectona grand is), an important tree species for 

agroforestry, exhibited repeated dieback year by year, so 
that, it was considered not to be suitable for the area. 
However, since the stem biomass amounts to 38 m3 present­
ly and this species is to lerant to fire, it is anticipated that 
the growth conditions will be favorable in future. 

Kesiya pine (Pinus kesiya), planted in 1977 did not 
grow adequately. The growth of yemane and other hard 
wood species mixed in the pine plantation was far better 
compared with that of trees in pure yemane stands, presum­
ably due to the rapid closure of pine crowns or species 
mixture. It is thus suggested that agroforestry activities 
may exert a favorable effect on afforestation in degraded 
land. 

Growth of planted trees under Acacia as a nurse tree 
It is generally considered that once a tropical forest is 

destroyed, the restoration of the forest is very difficult. 
Since the rehabilitation of indigenous vegetation is impor­
tant, the growth of two dipterocarp species, palosapis 
(Anisoptera thurifera) and guijo (Shorea guiso), planted 
under Acacia trees in 1984, was analysed (Table 3). 

The average annual height increment of those dipter­
ocarps ranged from 30 to 40 cm. Although they were 
planted in the shade and in a markedly degraded site, 
growth steadily improved year by year and the height of 
some trees exceeded 4 m. If such a growth can be main­
tained, it is anticipated that an artificially regenerated dip­
terocarp forest cou ld be established in Carranglan. To 
achieve this objective, it is essential to develop silvicultural 
techniques including thinning level for light control, deter­
mination of optimum time to remove the nurse trees, promo­
tion of species diversity, density control , etc. 

Height Diameter2
) Number of 

Stand1 ) Planted trees (cm ) (cm ) trees examined 

Acacia 3 Palosapi s 197 ( 408 )3) 2.1 (4.0 )3) 58 

Guijo 139(215 ) 1.4(2.2 ) 29 

Acacia 4 Palosapi s 178(385 ) 1.8(4. 6 ) 29 

Acacia 5 Palosapi s 181(296 ) 1.9 (3. 1) 24 

1) Acac ia 3 - Acacia 5 are loca ted in the same stand. 

2) Diameter at 30 cm above ground leve l. 

3) The number s in parenthes is indicate the largest heightsor di ameters of trees. 
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Establishment of Tropical Agriculture Research Slide 
Database System (TROSIS) 

Daisuke SUZUKI 
Tropical Agricu lture Research Center ( Present address National 

Agriculture Research Center, Kannondai 3-1-1, Tsukuba, lbaraki, 

305, Japan ) 

Picture s lides are a form of record of various research 
activities in which T ARC scientists have been engaged, in ­
cluding laboratory work or field experiments, as well as 
surveys in various co untr ies . 

T ARC aimed at constructing a s lide library to meet the 
needs of its own staff and other users. The information 
avail able from it s hould be comprehensive covering all 
areas of tropical agricu lture, helpful for situation analysis 
in program planning, for the preparation of public relation 
documents , as well as for meeting various needs for visual 
information. 

The library was constructed so that user s could re­
trieve needed slides readily fo llowing a simple procedure. 
T ARC scientists contr ibuted selected frames from their 
s li de files. They were classified according to coun tries, re­
gions, disciplines. Each frame was made retr ievable elec ­
tronically by keywords contained in a short verbal descr ip­
tion of the scene. 

The database was designated as TROSIS ( Tropical 
Agriculture Slide Information System) . 
Key words : slide database, video system 

Machines and Operating Environment 
1 . Hardware 

The system was composed of the fo llowing hardware. 
1 ) Personal computer : PC-9801 RL (Nippon Electric Co., 

Ltd. ) 
2 ) Digital videotape recorder: PV-S 98 (Nippon Electric 

Co., Ltd. ) 
3 ) Still -video camera system: FV-5000 (Fuji Photo-film 

Co., Ltd.) 
4 ) Color monitor: A V-21 A (Japan Victor Co., Ltd. ) 
2. Software 
1) DBMS: Ninj a, a commercial database system produced 

by Someth ing-Good Co., Ltd. in Japan, was used as the 
database management system for personal computer, 
PC-9801 . 

2 ) Video system controller : The program for video sys­
. tern control was developed by the author. 



3 . Operating System 
Japanese MS-DOS system was used as the computer 

operating system. 

Results and Discussion 
1 . The main system is composed of two sub-systems. 

The one(A), using a personal computer, is a text type data­
base sub-system, which deals with the slide record number, 
photographer name, year, purpose of overseas duty, country 
name, place, keyword, outline of slide content and so on. 
Users are able to retrieve the slides easily from these 
items. Commercial software, Ninja was selected as the 
database management system, due to convenient handling 
like a manual-less system, capability of accommodating a 
flexible system configuration, and its versatility in the con­
version of records to other database management systems. 

The other sub-system ( B) is a digitized image database 
system, that can locate particular slides recorded in a 
videotape with a videotape recorder and personal computer. 

2 . Operation 
The retrieval procedure works as follows: 

1) Turn on the computer and peripherals. 
2) Drive MS-DOS system and start up the Ninja system. 
3) Select the data file name, "slide". 
4) Input the keyword or characters for retrieval and 

select retrieval conditions 
5) Note the record address of videotape. 
6) Set videotape to videotape recorder. 
7) Start up the video control software. 
8) Input noted address. 
9) Turn the videotape and stop if the address corres­

ponds to the set address. 
10) You can see the slide with a color monitor. 

Closer inspection of the slide is possible by using a 
projector. Slides are stored in air-conditioned cabinets. 

About 900 slides can be recorded in a cassette of 60 
min-videotape. About 2, 300 slides have been collected 
and systemized in this database. 

3 . Because of its simple operation and low cost, this slide 
database system is expected to be used widely for global 
applications. 
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Fig 3. 

A view of the hardware. 
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List of Technical Bulletins of the Tropical Agricul­

ture Research Center 
No. 1. Pl ant-water relationshi p of indica rice in 

Malaysia ( 1971 ) by Katsuo SUGIMOTO 

2. Maize in India - a review of literatures (1971 ) 

by Haruo MIKOSHIBA 

3. Ni trogen application tec hnology for tropical 

ri ce as determined by fi eld ex periments 

us ing"'N tracer technique (1973) by Takeo 

KOYAMA, Chittana CHAMM EK and Natee 

NIAMSRICHAND 

4. Vari etal difference of Thai ri ce in th e resist­

ance to phosphorus defi ciency ( 1973) by 

Takeo KOY AMA, Chammek and Patoom SNIT­

WONGSE 

5. Effect of transplanting time on rice plant 

growth and grain yield in Thail and (1 973) 

by Takeo KOY AMA and Chittana CHAMMEX 

6. Studies on ecology and co ntrol of the rice 

ga ll midge in Th ailand (1974) by Terunobu 

HIDAKA, Prec ha VUNGSILABU TR and Sawang 

KA DKAO 

7. Studies on rice ye llow orange leaf virus dis­

ease in Thailand ( 1975) by Toshihiko HI NO. 

Luasark WATHANAK UL, Nopporn, NAB ­

HHEERON G, Preecha SU RI N, Ubol CHAIMONG ­

KOL, Somkid DISTHTAPORN, Methi e PUTTA, 

Dara KERDCHOKCHAI, and Arunee SU RIN 

8. Chilli virus di seases in Sri Lanka ( 1975) by 

Mi yoji SUGIUR A, C. H. HEMACHANDRA and G. 

H. HEMACHAN DRA 

9. Vari etal differences of photosy ntheti c effi ­

ciency and dry matter production in lndica 

rice ( 1976) by Yoshikazu OHNO 

10. Forest and for est products pest problems in 

the Philippines (1977 ) by Katsura MORIMO­

TO and Rom eo S. RAROS 

11. Some pathogens of cercosporiosis coll ected in 

Braz il (1978) by Toshihiko HI NO and Has im e 

TOKESHI 

12. ( 1) The prevalence of maize and soy bean dis­

eases in T hailand ( 1979) by Takahito SUZUI 

and Thanawatt KAMPHANGRIDTHRONG 

(2) Phytophthora spp. isolated from some eco­

nomi c plants in Thailand (1979) by Takahi ­

to SUZUI, Ubol KUEPR AKONE and Thanawatt 

KA MPH ANG RIDTHRONG 

13. Stu dies on microflora in tropical padd y and 

upl and fa rm so il s ( 1979) by Mi chio ARARAGI. 

Banharn TANGCHAM, Wis it CHOLITKUL and 

Samn ao PHETCHA WEE 

14. Farm management studies ( 1981) by Masa­

nobu YAMASHITA, WONG Hin Soon and S. 

JEGATHEEEAN 

15. The brown planthopper, Nilaparvata Lugens 

(Sta l) ( Homoptera, Delhacidae ) at the IRR! , 

the Philippines ( 1982) by Kaz ushige SOGA ­

WA 

16. Studies on th e conrtol of dow ny mildew dis­

ease of maize in tropi cal countries of Asia 

(1983) by Haruo MIKOSHIBA 

17. Phos phate res ponse of rice in Indones ian 

paddy fi elds ( 1984 ) by Masanori MI YAKE, 

M. ISMUNADJI. lskandar ZU LK ARNAINI and 

Sismiyati ROECHAN 

18. Improvement of weak found ation of padd y 

fields by subsurface drainage system fi eld 

studies in the muda irrigati on proj ect area 

(1984 ) by Tsuneo YAMAS HITA 

19. Study on soil producti vity of paddy fi elds in 

Thail and ( 1984) by Satoru MOTOM URA, 

Ashara SE IRA YOSAKOL and Wis it CHOLIT­

KUL 

20. Multiple cropping on paddy fi eld in Thail and 

(1986 ) by Sadao HATTA 

21. Viru s di seases of rice and legumes in the tro­

pics (1986) by Toshihiro KAJIWARA and 

Shoshin KONNO 

22. Sa lt tolerance of A triplex Nummularia (1987 ) 

by Yas utaka UCHIYAM A 

23. Sc reening and genetic analysis of wide com­

patibility in F , hybrids of di stant crosses in 

ri ce. Oryza Sativa L. (1987) by Hiroshi IKE­

HASHI and Hitoshi ARAKI 

24. Characteristics and genesis of volcani c ash 

soil s in the Philippines (1988) by Hirao 

OTSU KA, Aurello A. BRIONESS, No nilona P. 

DAQUIADO, and Fernando A. EV ANG ELIO 

25. So ils of the northeast plateau, Thailand ( 1989) 

by Masanori MITSU HI. Pichai WICHAIDIT and 

Saeree JEUNGN IJNIRUND 

26. Analys is of light climate under the canopy of 

a man- made fore st in the tropics ( 1989) by 

Yoichi KANAZAWA, Shozo NA KAMURA and 

Roberto V. DALMACIO 

27. Management of irrigation systems fo r ri ce 

double cropping culture in the tropica l mon­

soon area ( 1990) by Yoshino bu KITAMURA 



Research Highlights '90 

September 1990 

Rice Breeding for High-yield, Cold Tolerance 

and Blast Disease Resistance 

4 A Method for Differentiating Races of Pyricularia 

oryzae in Yunnan, China 

7 Special Mechanism of Phosphorus Uptake by 

Pigeonpea and its Role in Cropping Systems 

10 Genesis and Distribution Patterns of Red-Yellow 

and Related Soils in the Philippines 

13 Prevention of Aflatoxin Contamination in Maize by 

Using Plastic Bags 

16 Utilization of Oil Palm Trees as Ruminant Feed 

19 Estimation of Drought Tolerance Relating to Survival 

of Tropical Tree Species 




