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Yunnan pro vince, Chin a, is believed to be one of the 
areas where rice cul t iva ti on or iginated_ Thi s pro vid ed a 
suitabl e background for starting a coll aborative research 
program on rice breeding, based on the exc hanges of gene­
tic materi als from both countri es, following a form al accord 
s igned by Agri culture Mini sters of two governm ents. Sin ce 
1982, the Tropi ca l Agri culture Research Center , Japan and 
the Yunn an Academy of Agricultural Sc iences, Peo pl es' Re­
publi c of China, have been implementing a join t research 
program entitl ed "B reed ing of Rice Varieties fo r High-Y ield 
and Res is tances to Co ld Weather and Blast Di sease thro ugh 
the Utili zation of Unex ploited Geneti c Resorces"_ T he ma111 
obj ectives of th e program are as follow s : 
(1) Breeding of japoni ca ric e vari eti es adapted to the Yun ­
nan conditions . 
(2) Deve lopment of breeding methods for the effecti ve uti ­
li zation of unex ploited genetic resources . 
(3) Exchange and utili zation of geneti c reso urces of ri ce 
based on a prin cipl e of rec iprocity and equ ality. 



Key words · new japo ni ca rice var ieties, cross- hyb ridi zation , 

Materials and Methods 
(1) Japanese rice vari ety "Todoroki-wase" was chosen as a 
parent material for cross-hybridization. 
(2) Chinese rice var ieties "Yunjing No.1 35" and "Y unjing 
No.9" were also used as par ent materi a ls for cross-hybri­
dization. 
(3) In 1983, cross-hybridization betwee n the Ja panese 
var iety and Chinese varieties was initiated. 
(4 ) The rapid generation advance method was used for the 
F1 and F2 progenies derived from cross-hybridization at 
Hain an is land. 
(5) After the F3 progeny, the select ion for high-y ield and 
resistances to cold weather and bl as t disease was initi ated 
within the Yunnan di strict and 1 3 lin es were eventua lly 
selected from the progeny. 
(6) 1 3 lines of "Hex i No. l -No.13" were tested for their 
performance including yield, r es is tance to cold weather and 
blast disease and some other character ist ic s, in more than 
12 different locations in the Yun na n district. 
(7) 4 lines of "Hexi No.2, 4, 5 and 10" out of 13 lin es 
s how ed good performance in the abo ve tests during a 
period of 2 yea r s. These 4 lin es were examined for their 
adaptability in the large scale verifi cation trials conducted 
in farmers' fields. 

Results and Discussion 
(1) In 1990, the provincial government of Yunnan offici al­
ly approved the registration of three new cul t ivars de­
ve loped through the Sino -Japanese cross-hybridi zation 
programs, recognizing the s uper ior performances demons­
trated by these culti vars in the province. The area 
planted with these culti vars exceeded 20,000 ha in 1990. 
Their characte ri st ic s are described as follows: 
1 . Dian Jing No.1 8 = Hexi No.4 This progeny from the 

cross Todoroki-wase x Yun jing No. 135 , is char acter ized by 
a high-yield, ea rl y maturity, intermed iate plant type, cold 

resistance and bl ast res istance. 
2. Dian jing No.1 9 = Hexi No.5 : This progeny from the 

cross Todoroki-wase x Yunjing No.135, is characterized by 
an intermed iate plant type, hi gh-q ua lity of hull ed rice, blast 

resistance and intermed iate matur ity. 
3 . Dian jing No.20 = Hexi No.10 : This progeny from the 

cross Todoroki-wase x Yunjing No.9 , is char acter ized by 
an intermed iate plant type, bl ast resistance, high-y ield and 

intermed iate maturity . 

Dian Jing No.18 

Dian Jing No.20 
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Table 1 . 

(2) The comparison for cold tolerance of Japanese breeding 

material s with the Chinese ones r evealed that the Yunnan 

material s contained some cultivars which were highl y toler­
ant to cold weather. 

(3) Application and s ubj ects for furth er r esear ch : The 

planting area to th e varieties developed w hich cove r ed 

more than 20 ,000 ha in 199 0 will be increased in futur e. 

Major characteristics 

of t he three new 

var iet ies. 

The cooperative r esearch prog ram bet ween T ARC and 

the Chinese ins titutes s hould be continued as it is important 

to breed rice varieti es for high er r es is tance to cold weather 
and blast di sease, and for higher-quality of hulled rice a nd 

r es is tance to other major diseases and insec t pes ts . 

Name of va ri ety 

Pro mi s ing lines 

Maturity 

Plant type denoting 

Yie ld depend ence 

Heading / Ri pe ning ti me 

Culm he ight ·cm 

Pani c le heig ht cm 

Nu mber of pa ni cles / 111 2 

Color of a pi culu s 

Shatte ring habi t 

Lodging r es is ta nce 

Lea f bl as t r esis tance 

Pani c le bl as t res is tance 

Genoty pe fo r bl as t 

res is ta nce 

Dia n Jing No .1 8 

He xi No.4 

Earl y 

In termediate 

Jull 6 / Aug.3 1 

83 

17.2 

7 14 

Brown 

Limi ted 

High 

High 

Ve r y hi gh 

Pi - i 

Dia n Jing No. 19 

Hexi No. 5 

In term edi ate 

In ter medi ate 

Jul. 26 / Sep.5 

84 

17. 0 

438 

W hite yell ow 

Intermedi ate 

High 

High 

Ver y hi gh 

Pi- i 

Dia n Jing No.20 Yun Jing No.9 

I Hex i No .10 

Inter medi a te Late 

Pa rtia l pani c le Pa nicle weight 

we ight 

Jul. 23 / Sep. 1 2 Jul. 30 / Sep. 16 

86 101 

15. 7 16. 0 

509 418 

Whi te yell ow W hite yell ow 

In term ediate Ve r y limi ted 

High Low 

High In term edi a te 

Ver y high High 

+ + 

T oler a nce lo cold weath er 

Yie ld ( unhull ed ) kg/ a 

Yie ld ( hull ed ) kg / a 

1,000 gra ing weight g 

Q uali ty of gra in 

Ver y high 

97 . 9 

80. 3 

22 . 8 

Interm edi ate 

Intermediate 

79 . 9 

68. 9 

22 . 6 

Good 

High Ve r y hi gh 

98 .6 82. 7 

79 . 7 69.'1 

19. 1 19. 7 

In ter med iate Poo r 
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Breeding throug h the Utili zation of Unex ploi ted Genetic Re­

sources . 
2 . T ARC (1 985 ) : Resear ch r esults of r esea r ch projec t 

prog r a m of tropica l agriculture. Ne tta i Nouken Shuho No. 55 



Proposal of a Method for Differentiating Races of Pyri­
cularia oryzae Cavara in the Japonica Rice Cultivated 
Area of Yunnan Province, China 

Mas ataka IW ANO " , Jalui LEE" , Ping KONG" a nd Chen ­

gy un LEE"' 
1 ) Tropical Agri culture Research Center, 2 ) Yunnan Academy of 

Agr icul t ura l Sc iences, Peoples' Repub lic of Chin a. 

The blast caused by Pyricularia oryzae Cav. is mo st des­
tructive di sease of rice in Yun nan Province, China ( Fig. 1). 

Grow ing r es is tant va ri eti es is the most effective and econo ­
mical countermeasure to protec t the crop from the di sease. 
The mec hanisms of blas t r es is ta nce are class ified into two 
categories, i. e ., "true r es istance" and "field r es is tance". 
The true res is tance is cha r ac teri zed by its s pec ifi city to 
eac h race of the bl ast fugus and occas ionally ca ll ed ve rtica l 
resistance, wh ile the fi e ld res istance is non- s pec ifi c, be ing 

ca ll ed hori zon tal resistance. 
Sin ce breakdowns of the highl y r es istant va riet ies de­

pendent on true res is ta nce ge nes have occurred fr equentl y 
in seve ra l countries including China, breeding progra ms in 
most countr ies a im to deve lop a high leve l of fi e ld r es ist­

ance r ather than th e tru e r es is ta nce. 
In order to establis h an effect ive breeding progr am for 

durabl e res is tance to the blast di sease. it is necessary to 
look in more deta il s in to the pathogen ic s pec ia li zatio n of the 
blast fun gus. T his research was conducted to se lec t a set 
of differ enti a ls from co mm ercial japonica rice va rieti es in 

Yunnan Prov in ce. 
Key words : r ice, blast. res istance. ph ys io logic a l race 

Classification of ]aponica rice va ri eties based 

on r eact ion pattern s to b last fun gus isolates 
Two hundred twenty-s ix r ice va rieti es bred in twelve 

agr icultura l sc ience in st itutes in Yunn an Province, twenty-­

nin e Ja pa nese va ri et ies which were a lread y known for 
ge notypes for tru e r es ista nce, a nd nin e Ja panese differen ti a l 
va ri et ies were tes ted in th e ex per iments . The var ieties 
we re in ocu la ted with s ix iso la tes co llec ted in Yunnan Pro­
v ince as shown in T abl e 1 a nd classified in to var ieta l 
groups on the bas is of their s pec ific r eaction patterns . 

Two hundred twe nty-s ix ja/Jonica rice va ri eti es in 
Yunnan Pro vinc e were di vid ed into seve n groups, i. e., fr om 

I to Vil. Variet ies of Gro up I , N and IT, Ill were 
furth er di v id ed into three a nd two s ubgroups, respectively 

( T ab le 1 ) . 

Research Period : 1 987-89 

Research Site : Yunnan Acad emy 

of Agricu ltur al Sc iences, Peoples ' 

Republ ic of China 

F ig 1 . 

Padd y fi e ld w ith ri ce pl ants s how ­

ing bl as t di sease 

A : Rice pla nts infec ted with blast 

fungus 

B : Ri ce pla nts s how ing a high r e­

s is tance as th ey car r y a res istance 

gene aga in st blast fung us 
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Table 1. 
Classification of japonica nee 
varieties m Yunnan Province 
based on reaction patterns to Yun -
nan blast fungns isolates 

Table 2. 
Classification of the varieties of 
Group W based on reaction pat­
terns to eight isolates with diffe ­
rent pathogenicities 

Group I - 1 corresponds to shin 2 11 type in terms of 
the reaction pattern to blast races and each one variety of 
Group I - 2 and I - 3 might have a resistance gene or 
genes not to be indentified yet. Group II - 1 corresponds 
to Aichiasahi type " and the varieties in this group have the 
gene Pi-a. Group II[ - 1 corresponds to Ishikarishiroke 
type" or Shinsetsu type " and the varieties in this group 
have the gene Pi-a or Pi-a and Pi-i. Group N - 1 corres­
ponds to Kanto 51 type" or To-to type " , and this group 
may include varieties of the following three different 
genotypes, i. e., Pi-k, Pi-a Pi-k and Pi-i Pi-k, Group V -
1 also corresponds to Kanto 51 or To-to type, and this 

group may include varieties of the following different 
genotypes, i. e., Pi-k"', Pi-a Pi-k"' and Pi-i Pi-k"'. Group 
VI - 1 corresponds to Yashiromochi type " and the varieties 
in this group have the gene Pi-ta . 

Gro up Sub - Y- 34 Y87-018 Y88- 15 Y88- 14 Y88- 25 Y88- 45 Number of 

Twenty eight varieties 
of the Group W were resis­
tant to all the isolates inocu­
lated. To classify them 
further into subgroups, the 
varieties of the Group Vil 
were inoculated with eight 
isolates which were virulent 
to the varieties having at 
least one of the following 
genes, i. e. , Pi-z, Pi-ta 2

, 

Pi-z ' and Pi-b. Varieties 
of the Group Vil were divided 
into four subgroups as 
shown in Table 2. Group Vll-

group (001) (003 ) (007 ) (0171 +) (0371+) (0371+) varieties 

I 1 + + + + + + 48 
2 + + + + + 1 
3 + + + + + 1 

II 1 + + + + + 31 
2 + + + + 1 

III 1 + + + + 40 
2 + + 4 

N I + + + 34 
2 + + 4 
3 + 5 

V + + 24 

VJ + 5 

\fl 28 

+ : Susceptible - : Resistant, 
The figures in parentheses indicate the Japanese race number of the fungus isolates 

. 
Sub-

Y88- Y88 - Y- HA89 Y - TH81 HA89 T !-177 
Gro up 436 24 69 - 41 73 - 04 - 23 - ] 

gro up 
(103b+) (303b +) (137b +) (403 ) (433 ) (437 ) ( 303 ) (047) 

\-I + + + 
2 + 
3 + + + 
4 

+ · Susceptib le - Resistalnl 

Y : Isolate from Yunnan Province HA Iso late from Ha inan Is land 
TH Isolate from Japan 

The figures in parentheses indicate the Japanese race number of the fungus iso lates 

1 and Vil - 2 may have the 
gene Pi-b, Pi-b and/or 
other gene or genes, respec­
tively. Varieties of the 
Group Vil - 3 may have the 
gene Pi-z'. 

Selection of differential 
varieties 

Several varieties which 
formed many susceptible-­
type lesions or showed high­
ly resistant reaction were 
selected from Group I - 1 , 
Il-1, IIl-1, N-1, V-1, 
VI - 1 , Vil - 1 , Vil - 3 and Vil 
- 4, respectively. Those 



varieties were inoculated with 86 isolates collected in Yun­
nan Province, and a total of nine varieties as s hown in 
Tab le 3 , each of which may have a single discrete r es ist­

ance gene and showed stab le reaction to the isolates were 
selected as exemplified by the differential varieties from 
each group. As there was not s uitable variety, T s uyuake 
that was adopted as the representative of Group V - 1 . 

Nomenclature of the race 
Gilmour 's octonal notation according to the proposal of 

Yamada et al. 's proposa l" was adopted for differenti ating 
races . First, 9 differentia l varieties are arranged in the 
order li s ted in Table 3, and a code number was given to 
eac h variety. The number of eac h race is the s um of the 
cord numbers . For example, th e rac e virulent to Lijiang­
xintuanheigu, Yunjin 20, 04-2685 and Hex i 16 is 1 + 2 + 
40 + 200=243. Y denotes Yunnan Province. 

This method for differentiating races will be contribute 
much to Programs for breeding varieties res is tant to blast 
di sease in Yunnan Province . 

Differenti al Pres umed Code 
Isolate 

varieties genotype number Y-34 Y87- 18 Y88- 15 Y88-45 

Lij ian-x intuanheigu + 1 + + + + 
Yunjin 20 Pi-a z + + + 
7907-1 Pi-i 4 + + 
Kunming-beizigu Pi - k 10 + 
Tsuyuake Pi-km 20 + 
04-2685 Pi-ta 40 + 
82- 12 Pi-z' 100 

Hex i 16 Pi-b zoo 
Ziyu 44 Unknown 400 

Race Yl Y3 Y7 Y77 

References 
1) Kiyosawa, S. (1974) : Studi es on ge netics and breeding 
of blast resistance in rice. Misc. Pub!. Natl. In st. Agr . Sci., 
Dl, 1-58 [In Japanese with Englis h s ummary J. 
2) Yamada, M. et a l. (1976): Proposal of a new method for 
differentiating races of Pyricularia oryzae Cavara in Japan. 
Ann . Phytopath. Soc . Jpn., 42, 216-2 19. 

T a ble 3 . 

Reaction of some isolates 

Y-65 on the differential varieti es 

+ + : Susceptible 
+ : Res is tant 

+ 

+ 

YZ43 
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Resea rch Period : 1985-89 
Research Site : ICRISA T 

( Internationa l Crops Reserch In ­

s ti t ute for the Semi- A rid T ropi cs) 

Fig 1. 

Pos tulated mechani sm, for the 

absorption of iron - bound phos ­

phoru s from soil by pigeonpea. 

Special Mechanism of Phosphorus Uptake by Pigeon­
pea and its Role in Cropping Systems of the Indian 
Subcontinent 

Norih a ru AE" , Jaji ARIH ARA" , Kens uke OKADA" , a nd 

Chr is JOHA N SEW. 
1 ) Chugoku Na tion al Agr icultural Exper im ental Station, 2) Tropical 

Agri culture Research Center, 3) In ternational Crops Resea rch In sti­

tute for the Semi -A rid Tropi cs . 

Phosphorus ( P ) is norma ll y th e most li miting nutri ent 

for the growth of legumino us crops in tropical and s ubtro ­
pical r egions . In A lfiso ls, one of the major so ils in the 
semi -arid tropic s, the conte nt of iron or aluminum oxide is 
high and P is s trongly bound and large ly unavailabl e for 
crop uptake. Pigeon pea (Cajanus cafan ( L. ) Mi ll s p. ), a 
legum e crop wid ely culti vated as an inte rcro p with cereals 
and other cro p s pecies in th e semi -arid r egions , is general­
ly observed to yield better than other crops in low-P soils 
even witho ut P ferti li zer app lication. In t hi s s tud y, t he 
mechan is ms und e r ly ing the efficient P uptake by pigeonpea 
were explored and co mparisons made with other crop s pe­

cies. Th ese mechani s ms are di sc ussed in re lation to the 
improvement of th e P fertility of soil s in low- input crop ­

ping systems of th e India n s ub -co nti nent. 
Key word s : Cajanus cajan, phos phor us, pi sc idi c ac id, iron- bound 

phos phorus, root ex ud ates 
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Soil Pigeonpea Soybean Sorghum Pearl mi ll et Maize 

Alfi sol 

Vert isol 

5. 72 

2.34 

1. 40* 

6. 53 

0. 59* 

3.91 

Materi a ls a nd methods 

0. 64 * 

5.38 

0. 51 * 

6. 13 

Pigeon pea ( cul ti var ICPL 87 ) , sorghum ( cu lti va r 

CS H 5) a nd se veral other crops wer e used as plant mate­
ria ls. Among th e a lfi sols a nd verti sols at the !CR ISA T 
Center ( l8°N, 78°E ) , a r epresentative sample of each soil 
with low P ava il ab ility was se lected ( 4.1 and 0.7 mg P/ kg 

soi l, r es pec ti vel y, Olsen 's ex trac t ion method ) . Pot ex peri ­
ments wer e conducted in a greenhouse. Field ex periments 
were conducted at the Center und er rain - fed co nditi ons 
with s upplementary irrigat ion . Root ex ud a tes were col­
lec ted from 2-months-old pl ants g rown on sa nd. The abi l­

ity of the fr actions of root ex ud ates to solubili ze FeP01 was 
tested by th e addition of 20 ml of the fract ion to a tes t tube 
conta ining 10 mg of FeP01 _ After s hak ing for 30 min , 

t he P content was determined in the s upernatant. 

Res ults and Di scuss ion 
1 . When no phos phorus was a pplied, the crop s g rew well 

on the verti sol , but not on th e a lfi sol du e to phos phorus de­
fi ciency except for pigeon pea ( T a bl e 1 ) _ In th e alfi so l, 

mos t of the P is assoc iated with iron ( F e-P ) whic h is un­
ava il a ble to most of th e crops . The results obta ined s ug­
ges t that the better growth of pigeonpea on a lfi sols was re­
la ted to the unique abi li ty of th e crop to utili ze Fe- P, the 
domin ant form of P in alfi sols . 
2 . Th e ana lys is of root ex ud ates s how ed th at the a bi lity 

to so lubili ze F e-P in pigeo npea root ex ud ates was associ ­

ated with th e prese nce of pisc idi c acid, a pheno li c com­
pound , which is absent in th e root ex udates of other c rops 
s uch as soy bean and so rghum. The proposed mechanis m 
is that p isc idic acid form s ch elate compounds with the F e"' 
component of F e-P res ulting in t he r e lease of P ( Fig 1 ). 

3 . On an Alfi so l where the ava il ab le phos phorus level 
was ve r y low, sorghum yield was near ly nil without P ferti ­
li zer , but it wa s much imp roved and a y ie ld of 2 t / ha was 
ac hi eved after the culti vation of p igeonpea ( Fig 2)_ 
These results indicate th at th e roots of p igeonpea solubil-

Table 1. 

P contents (milligrams of P per 

pot) of shoot of crop plants at the 

grain - filling stage. Plants were 

grown in potted alfisol or vertisol 

in the greenhouse, without P addi ­

tion. 

* Plants di ed 1 month after sow­

rng. 

Fig 3 . 

Intercropping of pigeonpea with 

sorghum 
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Fig 2. 

Effect of previous pigeonpea on P 

response of sorghum in an alfisol 
field of low P fertility 

• First year sorghum 

• Sorghum after pigeonpea 

8 
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ized Fe-P m soil and made it available to the following 

crop. 

Application and future research needs 
1 . The results indicated that the introduction of pigeon­

pea into the cropping system increased the level of avail­
able phosphorus in soil. 
2. Due to the ability to utilize P from Fe-P, pigeonpea 

does not unduly compete with companion crops for fertiliz­
er P or other sources of available P such as Ca-P. Thus 
the intercropping of pigeonpea and other companion crops 
such as sorghum, which has been traditionally practiced in 
the Indian sub-continent, appears to be an efficient system 
for the utilization of the limited amount of phosphorus in 
soil ( Fig 3). This mechanism of intercropping may be 
utilized for further development of such a cropping system. 
3. In view of the increasing cost and scarcity of soluble P 

fertilizers, especially for resource-poor farmers in marginal 
environments, the identification of pigeonpea genotypes or 
other crop species with high efficiency in the use of re­
latively insoluble P sources would be important. 

References 
N. Ae, et al. (1990) : Phosphorus uptake by p1geonpea and 
its role in cropping systems of the Indian subcontinent. Sci­
ence 248, 4 77-480. 



Genesis and Distribution Patterns of Red-Yellow and 
Related Soils in the Philippines 

Tadao HAMAZAKI " and E. P.PANINGBAT AN, Jr." 
1) Tropical Agricu lture Research Center 

2) College of Agr iculture, Uni versity of the Philippines at Los Baros 

The objectives of the study were ; to analyze the gene­
sis, physico-chemical and mineralogical properties of Red­
-Yellow and related soils in the Philippines ; to determine 
their patterns of distribution in relation to parent materials, 
topographic position and climate ; to classify these soils 
according to some soil classification systems ; and to evalu­
ate their productivity potential in implementing agricultural 
development programs in the Philippines. 
Key words soil genesis. patterns of soi l distribution, Red - Yellow 

soil s, ulti so ls, the Philippines 

Materials and Methods 
Nine areas all over the Philippines were selected and 

so il samples from 48 pedons were collected and analyzed. 
The primary considerations for se lecting the sites and the 
pedons were as follows : 
1) Red- Yellow so il s and related soils in the Philippines 
which were temporarily classified into 13 soil taxa depend­
ing on the kind of parent materials and topography ; and 
2) Climate in the Philippines which was grouped into 3 
types based on the duration of dry months ; namely : 5 dry 
months or more (tropical monsoon climate), 2-4 dry 
months ( tropical monsoon climate), and less than 2 dry 
months ( tropical rain forest climate) . 

Results and Discussion 
1. Main upland soils in the Ph ilippines consisted of 

Red soi ls, Yellow soils, Dark Brown soils, Terra· rossa-like 
soils, Terra· fusca-like soils, Rendzina-like soils, Brown 
Upland soils, Pseudogley-like soils, Andsols, Vertisols, 
Brown Lowland soils, and Gray Lowland soils . 

2. From residual, old alluvial and volcanic mud flow, 
andesite and basalt materials, Red soils and Yellow soils 
were formed on hi ll s, and upper and middle terraces. 

The Red soi ls were strongly acid with a low activ ity 
under climat ic conditions characterized by less than 2 dry 
months, strongly to moderately ac id with a low activity 
under climatic cond itions characterized by 2 to 4 dry 
months, and moderately acid under cli matic conditions 
characterized by more than 4 dry months. The Yellow 

Research Period : 1986-90 
Research Site : College of Agricul ­

ture, University of the Philippines, 

Philippines 

Profile of Kandic - pseudogleyed 

Red soil 
(Kandiudult) 

Profile of Kandic Yellow soil 
(Kandihumult) 
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so il s were strongly ac id with a low ac ti vity under climatic 
conditions characteri zed by less than 2 dry month s, strong­
ly to mod erately acid under climatic conditions characte­
rized by 2 to 4 dry months, and were hardly formed under 
climatic con ditions characterized by more than 4 dry 
months . 

On lower terraces, only Yellow soils were formed. 
The Yellow so il s were mod er ately acid with a low activity 
und er climatic conditions characterized by less th an 2 dry 
months, and moderately acid under climatic co nditions 
characterlized by 2 or more dry months . 

These Red-Yellow soil s were classified as Kandihu­
mults, Kandiudults, Kanhapludults, Haplohumults or prob­
ab ly Haplustults in the soil taxonomy . 

3. From r es idu a l, aquatic and / or eolian material s on 
limestone, Red so il s were formed on hill s, Terra•rossa-like 
soil s on flat higher terraces, T erra ·fusca- like soils on fl at 
lower terraces, and Rendzina-like soils on recentl y raised 
coral terraces and s lope of rolling terraces. Red soils were 
s trongly to moderately ac id , T erra · rossa-like so il s s lightl y 
ac id , Terra·fusca-like so il s s lightly ac id to neutra l, and 
Rendzina-like soils neutr a l to s lightl y a lk aline. 

Terra· rossa-like so il s and Terra· fusca-like so il s were 
classified as Paleuda lfs, Hapluda lfs, Paleustalfs or Haplus­
talfs, and Rendzina-like soils as Rendolls or Haplusto ll s in 
the soil taxonomy. 

4. Unde r climatic conditions characterized by more 
than 4 dry month s, Brown Upl and so il s with soft powdery 
lime (Ustropepts) deve loped from residual material of ca l­
careous s ha le and sand stone on hill s, and Vertisols with 
soft powdery lime (Pe llu ste rts) and Calcar ic Brown Low­
la nd so il s ( Ustropepts) from ca lcareo us allu vial deposit on 

recent pla ins . 
5. Monoliths of main so il s in the Philippines we re a lso 

prepared. 
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Tabl e 1. Relation s hips among parent material, land form , type of climate and soil group of 
Red - Yell ow a nd re lated so il s in the Phi lippines . 
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Above : stored in high density 

polyethylene bags for 1.5 months. 

Below : stored in jute bag for same 

period 
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Prevention of Aflatoxin Contamination in Maize Grains 
with High Moisture Content by Using Plastic Bags 

Koji KAWASHIMA " and Prisnar SIRIACHA2' 
1) Tropical Agriculture Research Center, 2) Plant Pthology and Mic­

robiology Division, Department of Agriculture, THAILAND 

In Thailand 4 to 5 million tons of maize are produced 
annually and about half of the product is characterized by 
a high moisture content ( me 20 % -30 % ) , especially dur­
ing the period from August to November which corresponds 
to the rainy season when the availability of sunshine for 
sun-drying is limited. A study was conducted to prevent 
A. flavus contamination in maize with high moisture content 
for a period of 10-14 days after shelling until maize is 
artificially dried in facilities of feed mills-exporting com­

panies. 
Key words : maize with high moisture content, aflatoxin, Aspergillus 

flavus, plastic bag 

Materials and Methods 
Maize with a high moisture content (Suwan- I, me 

36.9 % , 90 days after planting) was harvested and im­
mediately shelled and packed ( 35kg) in jute bags. High 

density polyethylene bags 45 µm in thickness were used as 
single or double lining inside jute bags. Bagged grains 
were then stored for 60 · days at ambient temperature and 
humidity (25-30°C, 75-95% RH). There were five 

treatments as follows ; C: Jute bag as control, SR : Jute bag 
with single plastic bag inside, SM : Jute bag with single 
plastic bag inside plus 2 % ( v /w) methanol ( 99.5 % purity). 
Methanol was simply poured on to the maize in the bag, DR 
: Jute bag with two plastic bags inside, DF : Jute bag with 
two plastic bags of which the top end was folded in. Ev­
ery plastic bag was tightly closed with a string except for 

DF to expel the air in the bag as much as possible . The 
outer jute bag was finally sealed by knitting with a string. 
A. flavus was not inoculated. During storage for two 
months about 2kg of maize was sampled several times and 
was used for further studies. 

Results and discussion 

In the control 3 days after shelling, 68 % of the ker­
nels were already infected. But thereafter the infection 
rate decreased and after 10 days there was little infection 
with A. flavus although every kernel was infected by some 
kinds of fungi. After 2 weeks the infection rate again in-
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creased until the end of the experimental period, presum­
ably due to the competition among various kinds of mic­
roorganisms. However, the number of A. flavus fungi iso­
lated from the maize kernel surface continuously increased 
during that period (Table 1). During storage the microf­
lora in cereals changes with the environmental conditions, 
mainly the air humidity. Kernels in the control were 
heavily contaminated with various kinds of mold and lost 
their commercial value after 3-5 days. No yeast was de­
tected at all after 10 days. 

0 day 3 5 10 14 21 30 42 60 

Cont 

DRBC 0 9 X l03 6 X I04 9 x 105 l.9 X I06 l.3 X l06 l.6 X J06 1.zx10' 7.5Xl05 9.0 X I06 

YE 7.5 X l06 1x 108 4 X 107 2. I X 103 O(Jow ) 0 0 0 0 0 

DR 
DRBC 0 0 0 0 0 0 0 0 0 0 
YE 7.5 X 106 3.3 X 106 1.9 X 107 J x 107 J X I07 1.3 X 105 1.3 X 105 6.8 X l05 1.9 X 106 l.4 X l04 

There was little infection with A. flavus in the maize 
kernels in any of the plastic bags throughout the ex­
perimental period. Aflatoxin content in maize was analy­
zed after drying ( me 12 % ) and the results are shown in 
Table 2. In control, aflatoxin was not detected until 10 
days but thereafter the content increased rapidly from 21 7 
ppb ( 14 days) to 1395 ppb ( 30 days) and 977 ppb ( 60 
days) (Fig 1 ). The toxin appeared rather late, presum­
able due to the extra-high initial moisture content of maize 

(36.9%). 
On the other hand, aflatoxin was not detected even af­

ter 60 days in maize in plastic bags. A. flavus, Fusarium, 
Penicillium, Aspergillus, Rhizopus, Botryodiplodia, and other 
fungi were isolated from maize immediately after harvest. 
After 3 or 5 days a small number of Fusarium and Penicil­
lium fungi were still detected. However, after 10 days no 
fungi were detected in all the maize in plastic bags. Ox­
ygen consumption and CO2 production by maize with a high 
moisture content may have inhibited the growth of these 
fungi. Fungi are known to be sensitive to oxygen concen­
tration. Although the hermeticity of high density 
polyethylene film is not very high, it was noteworthy that 
even in such a plastic bag molds failed to grow after a 
short period of storage and that no A . flavus organism at 
all were detected in the DF bag which was not tightly 
closed but only folded in ( Table 2). 

A weak sour smell was detected in maize m plastic 
bags after three days and the smell became stronger during 

Table 1. 

Number of A. flavus fungi / g maize 

( 20g/100ml dist. water, me 
36.9%) 

DRBC : A . flavus, YE : yeast 

* DR was selected as it was 
deemed to be representative 
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T able 2 . 

Infec tion of high mois ture ma ize 

with A. f lavus a nd Aflatoxin con-

tamina tion during s torage In HD 

polyethy lene bag ( initi a l ma iz'e me 

: 36 .9%) . 

I 0 day 3 5 

Conl a 2/83 136/200 46/ 185 
b ND ND ND 

36. 9 33. 6 32. 1 

SR a 2/83 0/ l I 0/12 
b ND ND ND 

36. 9 38. 1 38. 2 

SM a 2/83 0/4 0/ 14 
b ND ND ND 

36. 9 34. 1 39. 7 

DR a 2/83 0/31 0/4 
b ND ND ND 

36. 9 37. 2F 38. 4 

DF a 2/83 0/8 0/8 
b ND ND ND 

36.9 39. 3 38. 5 

the s torage. However, after maize was dried at 80°C 
( moisture content less than 15 % ) the s mell becam e less 

pronounced. In the SM bag the smell became atte nuated . 
The pH va lue of s tored maize was found to dec rease by 
0.90 in the first fi ve days (4.9 0 to 4.0). The decrease 
of the pH value s ugges ts the production of ac id by microo r ­
ganis ms in maize. T he changes in the mi croflo ra s hould be 
further a nal yzed to determ ine espec ia lly those of lactic ac id 
bacteria, yeas t and Bacillus in relation to their inhibitory 

ac ti v iti es on fungi . 
Maize with a hi gh mois ture content ( me 36.9% ) was 

successfull y sto r ed for more than 2 month s without de­
terioration or decay . Practical ad vantages offer ed by the de­
scribed proced ure for the developing s ituati ons can be ite­
mi zed as follow s : 1 ) effectiveness in contro lling a fl atox in 
production, 2 ) the safety and s implicity in app lication, 3) 
no requirements for special s kit ls or equipm ent, 4 ) r eus ­
able bags costing little to small farme r s , whil e app licable to 

large scale operation s as well. 
The disadvantages are as follows Iron hook to pick 

up the jute bags can not be used. Sampling kern els from 

eve r y jute bag to check t he quality is difficult. Sour smel l 

occ urs if maize is s tored for a long time. 
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7 lO 14 21 30 42 60 

11 /200 5/200 130/200 60/200 153/200 188/200 W /200 
ND ND 217 1067 ]395 528 977 

24 . 1 21. 5 21. 0 16. 6 18. 7 18. 1 l6. 2 

0/1 0/0 0/0 0/0 0/0 0/0 0/0 
ND ND ND ND ND ND ND 

39. 0 38. 5 40. 2 38. 9 38. 8 39. I 39. 0 

1/5 0/0 0/0 0/0 0/0 0/0 0/0 
ND ND ND ND ND ND ND 

39. 1 40. 2 40. l 36. 9 30. 0 39. 5 39. 8 

4/5 0/ 0 0/0 0/0 0/0 0/0 0/0 
ND ND ND ND ND ND ND 

38. 5 38. 4 39 . 3 35. 8 39. 4 38. 9 38. 9 

1/ 1 0/0 0/0 0/0 0/0 0/0 0/0 
ND ND ND ND ND ND ND 

38. 9 38. 8 37 . 6 35. 3 38. 9 38. 8 39. 7 

a: infec lion ( kernel with A . f lai>Hsl kernel wilh other fungi ) per 200 kern els. 
b. aflatoxin B, ( ppb ) c: moislure content ( % ) SR. S~I. DR. DF : see text 
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Utilization of Oil Palm Trees as Ruminant Feed 

Shuichi OSHIO" , 0 . ABU HASSAN"' , and D. MOHD . 
JAAFAR" 
1) Tropi cal Agr iculture Research Center, 2) Li ves tock Research Di ­

vis ion, Malaysian Agri cu ltural Research and Development Institute 

(MARDI) 

In Malaysia, oil palm, with a cu lti vated area of 1.8 
million hactares, is one of the main commodites of the coun­
try along with rubber. 

The oil palm pla ntations are regenerated ever y 25 

yea r s and scrapped wood from the field is tota lly di s­
carded. It is antic ipated that th e amount of r es idu al dry 
matter from the trunk s a nd frond s of old trees may r eac h 
annual va lu es of 7 and 1.4 million tons in the latte r half of 
the 1990s . The qual ity of oil palm trunk is not s uitab le 
for construction materi a l or pulp due to the high mois ture 
and low ce llulose content, and softness. Furthermore, 
frond s pruned for ha rv es ting fruit bunches a re also di s­
carded in the fi e ld without a ny use. 

It is important, therefore, to develop a method for the 
effec tiv e utili zation of these materi a ls for useful purposes . 
Against this backgro und , the possibility of utili zing oil 
palm trees as ruminant feed was co ns id ered. 
Key word s : oil palm, trunk, ruminant. feed. nutritive va lue 

Mate ri a ls and Method s 
In the first part of this study , th e chemical com po sition 

and in v itro digest ibili ty of oil palm trunks a nd fronds 
( leafl ets a nd petioles) were ana lyzed by the enzy matic 

method devised· by Abe et a l. 

Subsequently, the effects of steaming and a lk ali tr ea t ­
ment on the in vitro digestibility of the trunks and frond s 
were exam ined . 

In v ivo tests were, then, carr ied out to determine 
which treatment wou ld be mos t effective w ith improving the 
rate of digest ibility of the trunk constituents for Kedah-Ke­
lantan bull s. In addition, compar ative studies were carri ed 

out on the digestibility rate of the vasc ul ar bundl es and 
parenchyma tissues with sheep. 

Series of ex per iments were conducted to ana lyze the 
effec t of long-te rm use of oil pa lm trunk ( OPT ) cons ti­
tuents as ruminant feed. Comp ar ative studies were carri ed 
out to determine th e body weight ga in , vo luntar y intake and 
mea t qua nt ity a nd quality in Austra li a n Commercial Cros­
ses (ACC) s tee r s which were fed ad libitum on 3 0 % (dry 

Research Period : 1987- 9 0 

Research Site : MARDI ( Malays ian 

Agricultural Research and De ­

velopment Ins titute), Ma lays ia 

Chipped oil pa lm trunk 

Vascular bundles parenchyma 
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Table 1. 
Chemical composition of oil palm 

trunks and fronds 

Table 2. 

Apparent digestibility of oil palm 

trunks subjected to various treat-

ments and rice straw. 

NDF: Neutral detergent fiber , 

ADF : Acid detergent fiber 

17 

matter basis) of ensiled OPT, NaOH-treated OPT and nee 
s traw for a period of 8 months. 

Res ults 
The lignin content of the trunk wood was found to be 

low while the content of soluble sugars was high ( Table 1 ), 
which indicated the high potential for improvement of the 
digestibility by chemical or physical treatments . 

Steaming and Na OH treatment showed a high rate of in 
v itro digestibility of the trunks in comparison with leaflets 
and petioles . 

The highest rate of in vivo digestibility was achieved 
by s tea m treatment followed by alkali treatment, ens ilage 
and absence of treatment ( Table 2). 

Optimum conditions for the s team treatment were 30 % 
moisture content, pressure of 12.5 kg/ cm 2 for a period of 7 
minutes and for the alkali treatment 7 % of Na OH content 

( dry matter basis). 

Even when the parenchymal ti ssues were not s ubj ec ted 
to any treatment, they could be utilized as an adequate 
sourc e of feed and energy. 

There were no s ignificant differenc es among the treat­
ments ID the average daily body weight ga in which was 
approximately 0.7 kg (Fig. 1 ) . Ensiled OPT group 
s howed th e lowest vo lunta ry intake, which reflected the 

Crude Crude Solubl e 
Cellulose 

Hemi-
Lignin prote in fat s ugars cellulose 

----------------------- % on dry matte r bas is --------------------------

Trunks 3.2 0.6 11. 6 34.0 35.8 12. 6 
Fro nds 

lea fl ets 14.5 3.2 6.5 16.6 27.6 27 . 6 
pet ioles 1. 9 0.5 12. 6 31. 7 33. 9 17.4 

Dry Organic 
NDF ADF 

Diges tible 

matter matte r ene rgy 
% % 

% % Kca l/ g 

Oil palm trunks 

Untreated dried 42 . 7 38. l 25 . 9 49. 1 1741 

Steamed 54.6 50. 0 32. 0 70. 1 2576 

NaOH-t reated 54. 2 47. 1 38. 0 70.2 2320 

Ens iled 50.5 48.2 60. 3 96.9 2104 

Rice s traw 35. 1 28. 2 36. 7 12. 2 1728 



Body weight (kg) 
400 

380 

360 

340 

320 

300 

280 

260 

240 

- • - OPT Silage 

-X- NaOH OPT 
---.&. --- Rice straw 

220 ~---~----~---~---~---~ 
0 50 100 150 200 250 

Days after feeding 

highest feed effic iency among the treatments. Analysis of 
viscera and carcass composition in slaughtered animals con­
firmed that the use of these materials did not exert any 
adverse effect on the organs of the animals. Moreover, no 
significant differences in meat quality and quantity among 

the treatments were detected. 

Discussion 
It was confirmed in this study that OPT could become 

one of the promising roughage sources in Malaysia. 
However, the constraints on the use of OPT as economical 
ruminant feed include the cost of processing suc h as felling, 
chipping, treatment, transportation, and storage. The cost 
of processing OPT depends on many factors such as the 
location where OPTs are harvested, processed and fed to 
an imals, the facilities and machines used, or the processing 
methods. Further in vestigations on economical methods of 
processing of OPT are required . Moreover, s inc e OPT per 
se is deficient in crude protein, minerals, or vitamins, suit ­
able combination with other economical feeds shou ld be 
promoted . 
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Fig 1. 

Average growth rate of the steers 

fed with OPT or rice straw 
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Research Period : 1988-90 
Research Site : College of Fore ­
stry, University of the Philippines, 

Philippines 

T able 1. 
Specific surviva l time of leaves cut 

from various t ro pical tree s pec ies . 

Vapor pr ess ure gr adient is 10 mm 

Hg. 
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Estimation of Drought Tolerance Relating to Survival of 
Tropical Tree Species 

Nobuyuku TANAKA" , Kiyosi NAKASHIMA " and Roberto 
V. DALMACI0 21 

1 ) Tropical Agricu lture Research Center, 2) Coll ege of Forestry, 

Univers ity of th e Philippines at Los Banos 

The ecophysiologica l characteristics of component tree 
spec ies which are essential for the design of rational refore­
station and agroforestry sys tems in the tropics have not 
been well documented. Among the environmental factors, 
water is the most important as it affects the establishment 
and growth of tree species. Especia ll y drought in the dry 
season is the main factor preventing the establishment of 
seedlings that have been planted or have germinated in 
areas with a tropical monsoon clim ate. Un less the seedl­
ings s urvive in the dry season , reforestation and agro­
forestry wi ll not succeed. In this s tudy we examined the 
drought res istance of leaves and seedlings of 15 tropical 
trees and di sc ussed the re lationships among the drought re­
s is tance, leaf morphology and eco logica l characteristics of 
the tree s pecies . 
Key words drought res ista nce. s urviv a l. tropi cal tree s pec ies, dry 

seaso n. lea f ph enology. 

Species Spec ific Wate r Water 
sur vial cons umption availability 
time aft er from 

stomata! s tomata! 
closure closure to 
( cuti cul a r appear ance 
trans pir ation ) of drought damage 

( Hrs ) (lo -~ ' mg ' cm 2 ' S 
1

) ( mg · cm 2
) 

Shorea a/111011 0.43 3.06 0.468 
Gliricidia sepi,un 0.88 4.52 1. 436 
Shorea polysj,erma 1. 25 l. 09 0.490 
A niso/J/era lhurifera 2. 15 1. 15 0.889 
Shorea contorla 2.27 3. 73 3.047 
Gmelina arborea 2. 54 3. 14 2. 875 
Tec lo11a gra1Uti s 2. 76 4.96 4.925 
Eucalyptus deglupta 3.34 2.01 2.4 15 
Dipterocarpus gracilis 3.37 0. 99 l. 201 
Hopea foxwo rthyi 5. 18 1. 07 1. 994 
Swiete11ia 111acro/1hylla 5. 20 2.06 3. 858 
Parashorea malaanonan 5. 55 1. 74 3. 477 
Acacia mcmgium 6. 82 2.23 5.476 
Acacia auriculifonnis 7.57 I. 79 4. 880 
Vatica mangachapoi 11. 06 0.80 3. 185 



Material Spec ifi c Cuticu lar Avail able 
survival time transpiration water 

( Hrs. ) c10-4 • mg . cm-2 • s - 1 ) ( mg · cm-2 ) 

Leaf 7. 57 1. 79 4.880 

Seedling 19. 15 2. 65 18.273 

Materials and Methods 
Specific surv iva l time or Ausda uer ( Pisek and Wink­

ler, 1953) is a n index of drought resistance direc tl y re­
lated to plant s urvival. Spec ifi c surv iva l time is computed 
from the values of cuticular transpiration (Ee) and ava il ­
ab le water ( Wav) in the plant an d r efers to the duration 
between the time of stomata! clos ure and the appearance of 
the first s igns of injury due to desiccation 

Spec ific s urviva l time = Wav / EC ·· ····· ···· · ···· ··· · · ·(l ) 

Sur viva l time is measured in hours and indi cates how long 
after stomata! clos ure the leaves of a p lant spec ies can re­
main intact with out s upply of wate r , for a given evapora­

ti ve capac ity of the a ir. We determined the cr itica l rela­
tive water content of leaves to esti mate the content of ava il ­
able wate r, us ing leaves dried at different rates . we deter­
mined the transpiration rate and water deficit at stomata! 
closure by a gravimetr ic method. We condu cted s imil ar 
exper iments for whole seedlings of Acacia auriculiformis to 
estimate the degree of overall drought res istance. In add i­
tion, we observed the morphology of leaf sec tions, us ing a 
microscope a nd micrometer . 

Results and Discussion 
Specific s ur viva l time of leaves calcu lated by Eq. (1) is 

s hown in Table 1. The s urv iva l time was shorter than 3 
hours in Shorea almon, Gliricidia sepium, S. polysperma, Ani­
soptera thurifera, Shorea contorta, Gmelina arborea a nd Tectona 
grandis. It was longer than 6 hours in Acacia mangium, A. 
auricu liformis an d Vatica mangachapoi. 

The ·group with a s hort s urvia l time in clud ed de­
ciduou s spec ies for reforestation ( G. sepium, G. arborea and 
T. grand is) and evergreen dipterocarp s pec ies. These de­
ciduous spec ies shed leaves partially or compl ete ly during 
the dry season ( F ig. 1. ) The absc iss ion of the leaves is an 
effective mechanism for red ucing the transp iring s ur face to 
avoid drought stress . It appeared th at the deciduou s spe­
cies for reforestation can s urv ive in the dry season due to 

Table 2. 

Comparison of specific survival 

time between a leaf and a whole 

seedling of Acacia auriculiformis. 
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Fig 1. 
Flowering Gliricidia sepium trees 

which lose leaves in the dry sea­

son. 

Fig 2. 

Degraded forest land in the dry 

season m which evergreen Acacia 
auriculiformis trees were planted 

(front). 
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the a bsc iss ion of leaves. On the other hand, the everg reen 
dipterocarp spec ies cannot be used as reforestation spec ies 
for bare land due partly to the low drought res istance of 
the leaves . These spec ies planted in bare land may be 
damaged or killed by drought during the dry season. 

The spec ies with a long s ur viva l time were evergreen 
tree spec ies . Since the leaves di sp lay a high drought r e­
s istance, these s pec ies can retain most of their leaves even 
in the dry season (Fig. 2 )_ 

Since only the s hoot was used, this method does not 
meas ure the overall drought r es istanc e of whole plants 

(Levitt , 1972). Th e drought resistance of whole plants 
was affected by the water reserves in plant and drought 
tol erance of non -ass imilatory organs as well as drought r e­
s istance of leaves . The surv iva l time calculated for whole 
seed lings was 2.5 times longe r than that of leaves ( Table 
2 ) . The longer surviva l time of whole seed lings was attri­
buted to the larger water reserves of the seed lings. 

Regarding the morphology of the leaf section , there was 
a close relation between the leaf thickness and cr itical rela­
tive water content. Name ly, thicker leaves tended to be 

more tolerant to water deficit. 
To eva lu ate the s urv iv al abi lity of t r ee species under 

dry condition s, information on drought resistance of leaves 
as we ll as on leaf phenology, drought tolerance of non -assi­
milating organs, water reserves and water-absorbing ab il ­
ity from so il as we ll as drought res istance of leaves is 

essentia l. 
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