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Genetic Analysis of Leaf Length and Width
of Flag Leaf in Rice'

Yih-Chuan Kuo and Charng-Pei Li®

Abstract : Since some distinguished differences in leaf characteristics were
observed between the modern U. S. and oriental rice cultivars and leaf length and
leaf width are remarkable leaf characteristics in modern rice breeding programs, a
series of genetic studies was designed to tackle the genetic control of leaf character-
istics for expanding the genetic diveristy. Genetic information about leaf length and
width of flag leaf reported here was deduce by the components of variation and the
ratios between components and diallel graph from a six-parent diallel cross of rice,
according mainly to theory and analysis of diallel cross of Hayman. Results clearly
indicated that both additive and dominance gene effects were important in differ-
entiating the two flag leaf characteristics; however, it is evident that the genetic
mechanisms of two characteristics studied were different. As to leaf length, dom-
inance gene effects was significantly greater than those of additive, the overall
measure of dominance of leaf length was overdominance, and the direction of
dominance was ambidirectional. On the other hand, dominance gene effects on
controlling leaf width was unimportant than additive gene effects, the mean degree
of dominance of leaf width was partial or incomplete, and the direction of domi-
nance was toward relatively wider flag leaf.

Key words : Genetic, Leaf length and width, Flag leaf, Rice.

INTRODUCTION

Rice is primarily a tropical and subtropical crop, although rice is widely distributed in
more than 100 countries on every continent except Antarctica and the best grain yields are
obtained in temperate regions such as the Po Valley, Italy (45" N); northern Honshu, Japan

(38° N); Korea (37 N); and New South Wales, Austrilia (35.5° N) (De Datta, 1981 ;
Juliano, 1985). With such a wide range of cultivation conditions, it is no surprising that a
lot of rice varieties have been cultivated that are adapted to varied environmental
conditions.

Considerable attention has been paid to the relationship between yielding ability and
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morphological characteristics (Yoshida, 1972) due to Tsunoda’s pioneering work in which
he compared high and low yielding rice varieties (Tsunoda, 1959a; 1959b; 1960; 1962). The
close association between certain morphological characteristics and yielding ability had led
to the plant type concept as a guide for breeding high yielding cultivars (Jennings, 1964;
Donald, 1968; Mock and Pearce, 1975; Donald, 1987). Although the judgment of desirable
characteristics is based on physiological considerations, the plant type concept had proved
extremely effective for breeding high yielding indica rice cultivars at the International Rice
Research Institute in the past decade (Yoshida, 1972).

Among several leaf characteristics associated with high yielding ability, elect leaf habit
seems the most important. In general, leaf length is much more variable than leaf width, and
leaf length is closely association with leaf angle. The longer the leaves, the more droopy the
leaves. As a result, short and small leaves are associatied with elect leaves. Theoretically,
short and small leaves can be more evenly distributed than long and large leaves in a canopy

; more even distribution of leaves should increase the use of incident light by a canopy.
Therefore, leaf length and leaf width are remarkable leaf characteristics in the modern rice
breeding programs (Yoshida, 1972).

Compared to the modern oriental rice cultivars, the leaf characteristics, including
physiological and morphological, of U. S. rice cultivars are quite different from the oriental
rice (Tu et al., 1988). Introduction to the oriental of modern U. S. rice cultivars for
expanding the genetic diversity of newly developed local cultivars has encouraged the
oriental rice scientists to elucidate the genetic control of leaf characteristics, and vice versa.
Since leaf length and leaf width, with regard to leaf dimension, are remarkable leaf charac-
teristics in the modern rice breeding programs and in general, the leaf width of U. S.
cultivars is relatively wider than that of the oriental cultivars, the detailed genetic informa-
tion about leaf length and leaf width from the crosses between the U. S. and oriental rice
cultivars is important in presenting a thoughful breeding program. However, little is known
about the genetic information on both leaf length and leaf width, according to the review of
Chang and Li (1980). They pointed out that both leaf length and leaf width showed a nearly
normal distribution in some crosses, but also indicated complex gene interaction in the other
crosses. A series of genetic studies was, therefore, conducted to elucidate the detailed
genetics of leaf characteristics. In the present paper, genetic mechanism of both leaf length
and leaf width of flag leaf of rice are presented by using a diallel cross technique, according
manily to the theory and analysis of Hayman (1954).

MATERIALS AND METHODS

A total of six rice entries, Rexmont, Lemont, Toro II, CI 9902, Guichow, and Taichung
Sen 10 (TCS 10), representing a wide range of length and width of flag leaf, was seleected
as the parents in this experiment. Of them, Rexmont and Lemont are improved typical U.
S. southern long-grain rice cultivars; Toro II is a conventional U. S. southern long-grain rice
varirty; CI 9902 is a promising long-grain rice germplasm; Guichow, a high yielding indica
cultivar, released from the Rice Research Institute, Guangdong Academy of Agriculture
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Science, PRC. under a breeding program with high yielding as a priority; TCS 10, a high
yielding Chinese indica cultivar, released from Taiwan, ROC. under a breeding program
with high yielding and quality. Crosses, including reciprocals and selfings, were made
between the six parents in accordance with a diallel scheme. The 30 F: hybrids together with
the six parents were grown in a flooded peddy field at the Texas A&M University Agricul-
ture Research and Extension Center near Beaumont, Texas, in a randomized complete block
design with three replications in 1990 (May to October). Each block consisted of 36 four-row
plots. Each plot included 48 plants spaced at 30X 30 cm. The leaf lenghts and leaf widths of
flag leaf of twenty plants from the two central rows were measured in mm basis, based on
an individual plant basis. However, their mean values for the two flag leaf characteristics,
as presented in Table 1, had been transformed into a cm basis and were then used to
calculate the genetic parameters of the flag leaf characteristics studied.

Table 1. Mean values of two flag leaf characteristics of the parents (diagonal) and
F, hybrids in the six-parent diallel cross of rice.

Flag leaf Female Male array

characteristic array P, P Ps P, Ps Ps
Rexmont(Py) 22.30 27.90 22.20 21.05 31.58 23.07
Guichow (P2) 27.73 24.68 29.35 24.75 27.25 31.72
Leaf length Lemont (Ps) 21.52 28.43 26.83 20.57 29.35 22.10
(cm) CI 9902 (P4) 22.28 26.83 24.40 20.10 26.12 23.92
TCS 10(Ps) 28.85 27.00 31.42 25.73 28.57 31.53
Toro I1I(Ps) 22.75 30.17 23.82 22.78 29.43 25.02
Rexmont (Py) 2.00 1.98 1.91 1.79 1.91 1.82
Guichow (P2) 1.99 141 1.86 1.7 1.42 1.78
Leaf width Lemont(Ps) 2.01 1.90 1.94 1.85 1.85 1.73
(em) CI 9902(PJ) 1.95 176 1.8 156 170 1.61
TCS 10(Ps) 1.98 1.44 1.91 1.73 1.38 1.80
Toro I1I(Ps) 1.96 1.80 1.74 1.68 1.71 1.60

The analysis of data measured was based on the diallel technique of Hayman (1954)
and Mather and Jinks (1971) by using a PC software created by Dr. C. Liu, Professor,
Department of Agronony, National Taiwan University, Taipei, Taiwan and operated by Mr.
S. F. Lin, a staff member of the Institute. Narrow-sense heritabilities for the flag leaf
characteristics presented were calculated with the genetic components of variation accord-
ing to the formula defined by Crumpacker and Allard (1962). Standardized deviations of
the flag leaf characteristics were computed by following the formula of Johnson and Aksel

(1959).
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RESUL.TS AND DISCUSSION

Two flag leaf characteristic values, leaf length, and leaf width, of the six parents and
their F, hybrids in the six-parent diallel cross of studied rice are summarized in Table 1. It
was clearly revealed from Table 1 that a wide range of variation in the two flag characteris-
tics studied were observed. Analysis of variance of randomized complete block design was,
then, performed for the flag characteristics (Table 2). As shown in Table 2, there were
highly significant differences among treatments which indicated the presence of genetic
variability in the entries. A detailed analysis of Hayman diallel tables was, therefore,

appropriate.
Table 2. Analysis of variance of two flag leaf characteristics of rice.
Mean square
Source of variation Degree of freedom -
Leaf length Leaf width
Block 2 747 0.002
Treat. 35 35.83** 0.094**
Error 70 311 0.005
Total 107 — -

** Significant at the 0.01 probability level.

Genetic interpretation deduced form components and ratios of variation

The genetic interpretation of data from a Hayman diallel analysis is valid only if certain
assumptions about the parental materials are true. Some of the assumptions postulated by
Hayman (1954) are: (1) diploid segregation; (2) no difference between reciprocal crosses; (3)
independent action of non-allelic genes (no epistasis), and in the diallel cross; (4) no
multiple allelism; (5) homozygous parents; (6) genes independently distributed between the
parents. Of these assumptions, some can be accepted more easily than the others and it is
well known that the assumptions, no epistasis and genes independently distributed between
the parents are unjustifiable and biological unrealistic (Sokol and Baker, 1977; Baker, 1978
). Fortunately, according to Hayman (1954), when failure of the hypotheses has been
demontrated, it is possible to make estimates of components and to draw the (Wr, Vr)
graph.

In present experiment, in order to test the validity of these assumptions postulated for
the Hayman diallel analysis, a t-test of homogeneity of (Wr-Vr) over the parent arrays for
the studied characteristics was performed firstly. Data estimated provided no evidence for
rejecting the hypotheses, as shown in Table 3. Thus, an additive-dominance model with
independence of the genes in action and in distribution was met to describe the two flag leaf
characteristics evaluated. The estimates of components of variation and ratios between these
components were, then, computed and a detailed genetic interpretation about the flag leaf
characteristics was presented.
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Table 3. Homogeneity test applied to the Hayman hypothesis for two flag leaf characteristics.

Characteristic t-value®

leaf length 2.42

leaf width 0.28
"t 0.0 =2.78

Since the component E provides an estimate of environmental component of variation,
the quantity E is pointed out and discussed firstly in the present paper. As shown in Table
4, the estimates of E for the flag leaf characteristics were all insignificantly different from
zero, indicating that the variation due to block effects or the other unknown distrubing
factors in the present analysis of rice was within the limits of accuracy set by the sampling
error. the components of variaton of additive gene effects (D) and dominance gene effects

(H,, H,, and h?) were significant, indicating that both additive and dominance gene effects
played an important role in differentiating the flag leaf characteristics among the parents,
as shown in Table 4. However, the genetic mechanisms of two flag leaf characteristics were
different. In detail, the dominance gene effects seemed to be more important than additive
gene effects for flag leaf length. As to leaf width, on the other hand, the additive gene effects
were greater than those of dominance, indicating that the additive gene effect played an
more important role in conditioning the leaf width. These were further supported by
relatively low and high narrow-sense heritabilities of the two leaf characteristics,
respectively.

Table 4. Genetic components of variation and ratios between components of
two flag leaf characteristics in the six-parent diallel cross of rice.

Component or ratio Leaf length Leaf width
D 8.3* 0.067**
F — 4.8* 0.028**
H, 22.0%* 0.054**
H: 18.1%* 0.050%*
h? —6.6* 0.068**
E 1.0 0.001
D-H, —13.7* 0.014**
(H.,/D)** 1.6 0.92
H/4H, 0.21 0.23
ko/kr 0.75 1.61
h*/H, 0.36 1.31
Heritability (narrow-sense) 0.22 0.69

** * Significant at the 0.01 and 0.05 probability levels, respectively.
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In the presence of unequal gene frequencies the sign and magnitude of the component
F can be used to determine the relative frequencies of dominant to recessive alleles in the
parents. If no genes exhibit dominance effects, or if the dominant and recessive alleles of
each gene are distributed equally among the parents, the F value should be zero. If the
increasing alleles are in overall excess, i. e. u>v at the majority of loci, and the increasing
allele is dominant at more loci than the decreasing allele, i. e. h? is positive at most loci, then
the F value will be postitve. Similarly, if the decreasing alleles are in excess, i. e. u>v at the
majority of loci and the decreasing allele gene is dominant at more loci than the increasing
allele, i. e. h? is negative for most loci, then, the F value will again be positive. Hence, the
F will be positive whenever the dominant alleles are more frequent than the recessive alleles,
and vice versa, i. e. negative F value indicates an excess of recessive alleles (Crumpacker and
Allard, 1962; Mather and Jinks, 1971). In the present diallel experiment of rice, the signs of
the F and h? values for flag leaf length were all negative and the magnitude of the two
components were all significantly different from zero, thus indicating an excess of recessive
alleles. Contrast to leaf length, both values of F and h? of leaf width were all significantly
positive, thus, indicating an excess of dominance alleles. These were consistent with the
values of ko/ke and Hz/4H, ratios, respectively. According to Hayman diallel theory, ko/ks,
the ratio of the total numbers of dominant to recessive genes in all the parents, greater than
1 indicates an excess of dominant genes, and smaller than 1 suggests a predominance of
recessive genes. On the other hand, the Hz/4H, ratio provides an estimate of the average
frequency (uv) of positive (u, increasing) versus negative (v, decreasing) alleles in all the
parents, where u+v=1, The value of H./4H, attains a maximum value of 0.25 when these
frequencies are equal, i. e. u=v=0.5, uXv=0.25. In the present case, the estimated values
of H./4H, ratios for the two flag leaf characteristics were all less than 0.25 and, therefore,
indicate that the positive and negative alleles were not equally distributed in the parents.
Similarly, the values of ko/kr ratios for the two flag leaf characteristics were 0.75 (for leaf
length) and 1.61 (for leaf width), suggesting an excess of recessive genes and an excess of
dominant genes, respectively.

The ratio (Hi/D)'* is an estimate of overall measure of dominance over all loci. If there
is complete dominance, the value of (H:/D)!2 will be 1.0; partial or incomplete dominance,
between 0 and 1.0; and overdominance, greater than 1.0. In the present case, as shown in
Table 4, The value of the (Hi/D)*? ratio of flag leaf length was 1.6, greater than 1.0,
suggesting an overdominance in differentiating flag leaf length among entries studied.
However, the value of the (Hi/D)? of flag leaf width was 0.92, between 0 and 1.0, indicating
a partial or incomplete dominance in conditioning flag leaf width. According to Baker (1978
), when a failure of the assumption, independent distribution of genes in the parents, was
occurred, it will result in an overestimation of the average degree of dominance. Also. if the
epistastic effects are important, the mean degree of dominance may be upwardly biased (
Povilaitis, 1966).

The ratio h?*/H: is an estimate of the number of groups which control the characteristic
and exhibit dominance to some degree. However, if the dominants differ in sign, the ratio
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will be underestimated. Also, it provides no information about groups of genes exhibiting
little or no dominance (Hayman, 1954; Povilaitis, 1966). It would appear from the present
study that no major gene groups was involved in differentiating flag leaf length of rice and
at least one major gene group could probably be expected in controlling leaf width of flag
leaf (Table 4).

Genetic interpretation induced form diallel graph

The regression graph of covariance (Wr, the covariance between these offspring and
their non-recurrent parents) and variance (Vr, the variance of all the offspring of the rth
parent) of arrays in diallel crosses provides a useful means of assessing genetic relationship
among homozygous parents. As Hayman (1954) and Mather and Jinks (1971) have shown,
the regression graph of Wr on Vr prospectively provides information on three points. First,
it supplies a test of adequacy of the model: in the absence of non-allelic interaction and
independent distribution of the genes among the parents, as homogeneity test does. Second,
given that model is adequate, a measure of average level of dominance is provided by the
departure from the origin of the point where the regression line cuts the Wr axis. It is a
partial (incomplete) dominance when the intercept is positive (the line lies above the
origin); overdominancce when the intercept is negative; complete dominance when the
regression line passes through the origin. Third, the relative position of the point (Wr, Vr
) along the regression line indicates the distribution of dominant and recessive genes among
the parents ; the point nearest the origin stem from the arrays derived from parents with
most dominant genes and the point furtherest from the origin stem from arrays derived from
parents with fewest dominant genes, i. e. with most recessive genes. In the present experi-
ment, the graphical analysis of Wr on Vr for the flag leaf characteristics was given in Fig.
1. The slopes of regression lines of Wr on Vr for two leaf characteristics were both signifi-
cantly different from zero but did not differ significantly from unity. The excellent unit-
slope linearity demonstrated validity of the assumptions on which the method was based.
This was highly consistent with homogeneity test, as shown in Table 3. However, the
regression line of leaf length cut Wr axis fairly below the point of origin, indicating an
overdominance on the average over all arrays. The regression line of leaf width, in contrast,
cut the Wr axis about the point of origin, suggesting a partial or incomplete dominance.
Regarding the distribution of dominant and recessive genes among the parents in differ-
entiating leaf length, parents Rexmont and Lemont possessed mostly recessive genes; parent
Taichung Sen 10 had predominantly dominant genes. On the other hand, in conditioning
leaf width, parents Rexmont, Lemont, Toro II, and CI 9902 formed a group in which
dominant genes predominated; parents Taichung Sen 10 and Guichow had mostly recessive
genes. It is evident that the genetic mechanisms of two leaf characteristics were different
from the point of view taken from degree of dominance and the distribution of dominant
and recessive genes among the parents, as mentioned above.
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Fig. 1. The regression graph of Wr on Vr for two leaf characteristics of flag leaf of rice in the six-parent

diallel cross. Parent code: 1-Rexmont; 2-Guichow; 3-Lemont; 4-CI 9902; 5-Taichung Sen 10; 6
-Toro II.
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The last remaining information that can be obtained from the Wr and Vr values is the
direction of the dominance. According to the theory of the diallel cross (Hayman, 1954;
Mather and Jinks, 1971), since the relative values of (Wr+Vr) over arrays indicates the
relative number of dominant to recessive alleles in the common parents of the arrays, we can
see whether the distribution of dominant to recessive alleles is correlated with the
phenotypes of the common parent by comparing the (Wr+Vr) value for each array with
the mean of the common parent, i. e. comparing (Wr+Vr) (recessiveness-dominance
indicator) with Yr (parental measurement). The correlation will be negative if the parents
with a high score, i. e. those containing most increasing genes, have the lowest value of (Wr
+Vr), i. e. containg most dominant genes, and the reverse is true. Furthermore, if the
correlation is insignificant but there is a significant dominance, thus, the dominance will be
ambidirectional. Hence, we can deduce whether or not the increasing or decreasing alleles
are the dominant alleles. In short, the recessive (decreasing) genes must be mostly positive
when the correlation coefficient (r) between (Wr+Vr) and Yr is significantly positive; the
dominant (increasing) genes are positive when the r is significantly negative; when the r is
insignificant, equal proportion of the dominant genes are positive and negative, i. e.
ambidirection dominance. In the present study, the correlation coefficients between (Wr+
Vr) and Yr were all negative and significantly differed from zero only for leaf width. This
might infer that the direction of dominance for increasing leaf length was ambidirectional,
and the increase in dominance apparently was associated with higher performance of leaf
width of the plants on an average of the parents.

The standardized deviation graphs of (Wr+Vr) and Yr, the relative positions of
entries in respect to the parental performance and the recessiveness-dominance indicator,
were graphically plotted in Fig. 2. As shown in Fig. 2, recessiveness is shown by points above
the horizontal (parental performance) line and dominance by the points below this line;
high parental performance is shown by points to the right of the vertical (recessiveness-
dominance indicator) line and low parental performance by points to the left of this line.
Thus, in differentiating leaf width, Taichung Senl0 and Guichow, located in the second
quadrant, with mostly recessive genes had narrower flag leaves; Rxmont and Lemont, on the
other hand, in the fourth quadrant, with the maximum number of dominant genes possesed
relatively wider flag leaves; CI 9902 and Toro II possessing fewer dominant genes showed an
intermediate leaf width of flag leaf. As to leaf length, a tendency (not significant) of
recessiveness to be associanted with short leaf length and dominance to be long leaf length
seemed to be observed. However, a undoubted fact, as shown in Fig. 2, that dominance with
the longest (Taichung Sen 10, 28.57 cm), intermediate (Guichow, 24.68 cm), and the shor-
test (CI 9902, 20.10 cm) flag leaf length was indicated, i. e. an ambidirectional dominance

in differentiating the leaf length of flag leaf among rice entries evaluated was inferred.
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The standardized deviation graph for two leaf characteristics of flag leaf of rice in the six-parent
diallel cross with horizontal axis representing parental performance (Yr) and vertical axis
representing the order of dominance (Wr+Vr). Parent code: 1-Rexmont; 2-Guichow; 3-
Lemont; 4-CI 9902; 5-Taichung Sen 10; 6-Toro II.
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Table 1. List of classified rice entries used and their panicle density type and grain yield per hill

Panicle density type* Grains yield per hill(g)
Code Entry
1st crop 2nd crop 1st crop 2nd crop
1 Taiken Yu 4052 low low 28.51 28.55
2 Taiken Yu 13635 low low 36.22 28.77
3 Taiken Yu 14467 low low 38.59 29.25
4 Taiken Yu 5824 low low 44.67 31.44
5 Taiken Yu 8472 low high 33.64 31.69
6 Taiken Yu 6287 low middle 42.72 31.86
7 Taiken Yu 1005 low middle 29.79 32.53
8 Taiken Yu 8383 middle low 41.78 32.82
9 Taiken Yu 5103 high high 42.43 33.42
10 Taiken Yu 13671 low middle 38.50 34.28
11 Taiken Yu 6698 middle middle 47.00 34.47
12 Taiken Yu 13733 low low 43.40 34.56
13 Taiken Yu 6781 high high 41.94 34.69
14 Taiken Yu 7415 middle high 54.29 35.09
15 Taiken Yu 9473 very low low 24.59 35.21
16 Taiken Yu 16477 middle middle 42.57 35.31
17 Taiken Yu 5109 high low 38.27 35.98
18 Tainung 67 low middle 44.67 36.07
19 Taiken Yu 3732 middle high 46.09 36.21
20 Taiken Yu 17731 middle high 47.81 36.65
21 Taiken 2 low low 42.59 37.38
22 Taiken Yu 19351 low low 51.38 37.98
23 Taiken Yu 8324 low low 43.43 38.14
24 Taiken Yu 5107 high high 40.92 38.35
25 Taiken Yu 13365 high low 44.49 42.55

* Classified according Wu et. al. (1993) .
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FRERER (A-L) ZHENRUSERZIEEMEPHRBERER - HUULRE11HEE
AREITHRRARBUERE (%R 2) #& > BETERME T (principal factor analysis) ° ERHER
FEARAAEEE (varimax) BREEITHETT o SFEITHRE R SIS R AR ZARBRS R ©

FEREETER

BEEM B ERERTEME LFIR o ZHfE BLE) HBREEENMIR (15 ~ EFF
40525% (1) FOIBBEFL005 (7) 4% - HitfafE (R) CEKER_IHESER—E (82F) BIE - B
RTHEZ RIFBELPR—HE » ALEREERET®  T—HFESERRHLERERR HE
& RERARESSE8ERGR  — IS TSR EER  BUBRY - REF TR » BkE
ERRFRIE® o FIAX 2 R ZHRGRBEBKT RIS ESHIETERMPE TS » BRWOK 3
R P AT S EER M PR EARR B RYEE883% » AMBEFNERDT FTEHEN - BER
EURBEERE-ZE=ZERMGZRETEME (cumulative contridution) (& » Z#EERT T
FIE (J062.6%) » —HATERR T ZREIEE (G- 53.5) 41 » HERHIREET0% U LEE R ER
& - A BRI Z RS EER AR EARERBIEYRRAEECHES - R EiE=38%
ETHBESRCENRFIA  EEHEER -

*2. FARERERRIEIRZAERA R B ER

Table 2. Correlaton matrix of panicle characters of rice

Character A B C D E F G H I J K
Panicle wight(A) -0.058 ~0.045 0.189 0367 —0.111 0750 0785 0.865 —0.195 —0.090
Panicle length(B) 0.361 0.783 0.601 0.093 0.346 —0.442 —0.425 —0306 0.498 0.280
Length of rachis(C) 0249 0.8% 0540 0419 0323 —0.406 —0.422 —0232 0421 0.249
Total length of primary 0141 0803 (0.736 0545 0110 0064 0039 0200 —0.136 —0.49
branche (D)

‘Number of primary 0844 0310 0.173 0.015 —-0.330 0392 0332 0459 —0.354 —0.257
branche(E)

Number of grain per pri- —0.03 0.078 0413 0414 —0.159 -0554 —0.495 —0.244 0404 0.708
mary branch (F)

Number of secondary 0665 0.009 0052 —0.195 0494 0,015 0.976 0912 —0.689 —0.481
branche(G)

Number of grain of sec- 0.837 0.123 0.039 —0.074 0.779 —0.109 0.732 0.943 —0.688 —0.409
ondary branches(H)

Number of grain per 0887 0.233 0208 0.083 0.883 0.151 0.683 0.911 —0.650 —0.240
panicle(I) :

Weight of thorsand —0.190 0309 0.247 0.140 —0.395 —0.207 —0.325 —0.397 —0.476 0.438
grain(J)

fél)led-grain percentage(  0.720 0.190 0.082 0.029 0.868 —0.062 0324 0.748 0.823 —0.456

Note : Correlation coefficients of 2nd crop of 1992 year are listed adove the dignal line
Correlation coefficients of 1nd crop of 1993 year are listed below the dignal line.

# 3 FERESERB ZEAFAFMER/D » REHXFAEBRIERR & ERI P2 EE M »
B3R 3 P ERDEFATMEE -ERB B FENEEHEUEE (A) ~ —REEFGH
B (F) ~ I8 (G) -~ ZXREERNE (H) -~ S8NE () RREESE K) 8K 8
—BETERD  EBZZREERFREBERNES ERE  MEERMAUUME (B) &
R (C) R—REFERREM (D) RBERXENETFAR » UTRAE—ERIMREREEA/NEH
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ZEKD ; ERESERMAIU—REEH (F) BERKZABIE » FILUEERMNR—REER S HF
HH o 1A IS —ERMETFUMEE (A) ~ ZXREFEH (G) ~ ZXREFEENE (H) "EF
RoE () BEREESRKETAR » MASENE () BIRESEENE (H) SRR
BIEEHER RS —ER M EBEUME - KR - REBRRER ; MHE R
TEfR » RERERIMNEMZERS ; EREZERMHAM—REFETAE (F) BREESE (
K) ®EH-

®3. BSEABHRZERDHRE

Table 3. Factor loadings of the first three principal components for 25 rice entries.

Principal component Cumulative
Character®
A Zs Zs contribution
Ist Crop, 1993

A 0.909 0.228 —0.081 88.5
B 0.189 0.945 —0.184 96.2
C 0.089 0.931 0.120 88.8
D —0.053 0.888 0.217 83.9
E -0.108 0.331 0.874 87.8
F 0.927 0.110 —0.088 88.6
G 0.714 —0.119 0.107 53.5
H 0.941 —0.045 —0.003 88.7
I 0.958 0.114 0.210 97.6
J —0.458 0.384 —0.625 74.7
K 0.855 0.042 0.038 734

Cumulative

Percentage of

total variance (%) 454 71.8 83.8

2nd Crop, 1992

A 0.913 0.140 0.110 86.5
B -0.272 0.779 0.346 80.1
C -0.235 0.863 0.247 86.2
D 0.170 0.853 —0.059 76.0
E 0.379 0.654 —0.411 74.1
F —0.147 0.111 0.867 78.5
G 0.873 —0.118 —0.436 96.6
H 0.910 —0.149 —0.350 97.3
I 0.982 0.030 —0.156 99.0
J —0.537 0.140 0.564 62.6
K —0.100 0.019 0.874 77.4

Cumulative

Percentage of

total variance (%) 36.5 60.1 83.1

* The same as Table 2.

RREBE—RBEZERD ARSI RE  WR_FERI60% - —HIFERIT2% 2B R
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FR 0 EEAR AT AT » MR HAEE BB R R 2Bk ER RERERMMUR
o ZHFRSREHE (B1) - —HETRSRAR (H2) WE1 (CHE) RSVIHRE
BVIRZSAM B ERERER » BARBZARS MRS IRT » BVEREREREEZME
IR TR ERTE L RER » S EARB ERMEREL » ERG (2,0 Z,) BN
—0.5~0.5% —1.0~1.0Z Mz RHEE | TS VIREZH BRI SIS HSL - BERREE - ZREEH
~ TREENE - SRENBEERERTFIANNRSERTEE » 152 » BE LR AR
AR R EIRERERE o
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lst crop season, 1993
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@2, #H— BIENFBEARSEM R ZEAE o F—BIRT2REMN » LERINE] R o
Fig. 2. Scatter diagram of 25 rice entries on the plane defined by the first

and second factors. Each spot represent one entries and its number
definition is the same as show in Table 1.
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Table 4. Correlation analysis between the constructed characters of the panicle
and grains yield per hill of twenty five rice entries

Character® A B C D E F G H I J K L

2nd crop 0.428* 0.385 0.130  0.429* 0.012 0.338 0.054 0.164 0.289 0.097 0.318 0.125
1992 .

Ind crop 0.739** 0.503** 0.398* 0.218 0.806** 0.0007 0.515** 0.759** 0.827** —0.140 0.729** 0.638**
1993

? The same Table 2.
* 5 *¥* Significant at 5% and 1% levels of probability, respectively.

L= afl
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Studies on the Panicle Density of Rice

II. Relationships between the Constructed Characters
of Panicle and Grains Yield Per Hill!

Yong-Pei Wu, Jeng-Chung Lo and Yi-Shin Chen?

Summary

Twenty five rice entries with different types of panicle density were used as materials to
study the relationships between the 11 constructed characters of the panicle and grain yield
per hill under Chaiyi environment conditions. In the first rice crop season, result revealed
that entries with high yielding capacity pontenial were charactered by heavier panicle
weight, a lot of average grain number per primary branch, secondary branch number per
panicle, total grain number of secondary branches, total grain number per panicle, higher
seed set and larger factor of panicle length. This might infer that the entries with high
vielding pontenial in first crop season are largely due to heavier panicle weight and lots of
grain number. On the other hand, in second crop season, entries with high yielding pontenial
were along with reasonable panicle weight, secondary branch number per panicle, total
grain number of secondary branches total grain number per panicle, and factors of panicle
length. This might conc-lude that the entries with high yielding pontenial are mainly
associateed with medial constructed characters of the panicles. A significant Positive cor-
relat-ion between panicle density and grain yield per hill was found from the present studies
. However, as shown in the scattrer diagram of principal factor analysis , thar entries with
higher panicle density were not always along with higher grain yield per hill was also
observed. These suggest that the relationships between the constructed characters of the
panicle and grain yield per hill is unjustifiable from the present data.

Key words : Rice entries, Constructed characters of panicle, Grains yield per hill.

1. Contribution No. 1714 from Taiwan Agricultural Research Instiute.

2. Respectively, Research assistant, Research assistant and Sinor agronomist, Chiayi Agricultural Experiment
Station, TARI, Chiayi, Taiwan, ROC.
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®1. BEEEHER IRIKRTNERRABRERZVE (1991-19935F K1)

Table 1. Effect of plant spacing on the yield and yield components of Tainung 1
corn plants cultivated in the fall crops of 1991, 1992, and 1993

Within-row Kernel 100~ Kernel yield

e & e ent o g/plant t/ha
1991

11-11-11 484.6¢” 15.71b 76.13b 9.23a

11-11-22 520.3b 23.60a 122.79a 7.44b

22-22-22 605.1a 20.92b 126.59a 7.67b
1992

11-11-11 339.5¢ 21.99b 74.67c 9.05a

11-22-22 504.2a 22.13b 111.56b 6.76¢c

11-11-22 435.8b 26.98a 117.59ab 7.13bc

22-22-22 486.8a 25.63a 124.77a 7.56b
1993

11-11-11 210.7c 25.19b 53.08¢c 6.43a

11-22-22 293.3b 28.53a 83.68ab 5.07bc

11-11-22 295.2b 26.44b 78.04b 4.73c

22-22-22 355.7a 26.27b 93.44a 5.66b

2 With;r%-row spacing at planting, 30 days after planting, and silking, respectively. Between-row spacing
was 75 cm.

Y Mean_s with the same letter of a column are not significantly different at 5% level by Duncan’s New
Multiple Range Test.

ERWREEE - REHERE (11-11-11) ZEri< B bkes B R R R RIS (R Sk BE
E 22cm BE (11-22-22) ZHE > WEMHBRBEEREENEFL 22cm ZEHE (22-22-22)
BE (%2)  XRRENZEASYBEEZENEERE (TRRFIE) o RESREEEETR
PR Z11-11- 11 B R AL » 22-22-228 B » Ti11-22-226011-11-22F9 S AR ¥ o Pl 2 L g
19924 RE R K HE » FE1993FRILIRT B R » BRIERRERIGH T+t LIRT 2 255 B P B ok
RASEYERNW REEELE—ENIER (R2) -
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R REEEHER]RIKEKREWE (¢/plant) B (19925%1993FK{E)

Table 2. Effect of plant spacing on the changes in dry weight (g/plant) of Tainung 1 corn
plants cultivated in the fall crops of 1992 and 1993

Dfays Within-row spacing (cm) ¥
after
planting?® 11-11-11 11-22-22 11-11-22 22-22-22
1992
30 5.84b* (5.84) (5.84) 6.96a
48 31.43b 37.40b (31.43) 52.75a
63 64.61c 88.97b (64.61) 107.01a
126 151.93¢ 227.70b 232.65b 255.93a
1993
30 5.95b (5.95) (5.95) 7.13a
44 24.82b 25.98b (24.82) 30.22a
61 57.08¢c 71.00b (57.08) 84.01a
118 118.80d 171.81b 152.52¢ 193.73a

* Silking was 63 and 61 days after planting and maturity was 126 and 118 days after planting in 1992 and
1993, respectively.

¥ See Table 1 for description of spacing treatments.

* Means with the same letter of a column are not significantly different at 5% level by Duncan’s New
Multiple Range Test.

DB ERSEET BN ESEEREBRIEMEREE (crop growth rate, CGR) » BERTE
DRI S A BB B » AN19924F F219934E11-11-11 B BZE- kAT 158817 H 2 VW A RSE s 471
5 267.9 5 230.3kg/ha + day (#3~4) s EEB11-22-22%22-22-225% B8 o 11-22-2258 ER O
FhE30E (RBMEMAMLIaN) MR » SRS R #22-22-22 R AR » ROBZEIBE 3045 H AR
#7 CGR HAFERHRE > ME1992EHERT » EHMMI7TE PN EEEZER (£3) o 1992458
R > TR ROE ERERMREE (11-11-11) RoSETRER 11-11-22) /S
PEEEELT » ##E 160 kg/has day BALE (F£3) > {H1993ERBPENETMZ11-11-11 B HEKE »
HAR AR B L ER (F4) o

RI. REEEHER1REXEDEREENEE (199254

Table 3. Effect of plant spacing on the crop growth rate of Tainung 1 corn plants
in the fall crop of 1992

Within-row Days after planting”
spacing
(cm) * 0-30 30-48 48-63 63-126
kg/ha+day
11-11-11 24.2a* 172.1a 267.9a 168.5a
11-22-22 (24.2) 106.1c 208.5b 133.3b
11-11-22 (24.2) (172.1) (267.9)a 161.8a
22-22-22 13.9b 153.9b 219.4b 143.6b
g/plant-day
11-11-11 0.20a 1.42¢ 2.21b 1.39¢
11-22-22 (0.20) 1.75b 3.44a 2.20b
11-11-22 (0.20) (1.42) (2.21) 2.67a
22-22-22 0.23a 2.54a 3.62a 2.37b

* See Table 1 for description of spacing treatments.

¥ Silking : 63 days after planting ; maturity : 126 days after planting.

x Means with the same letter of a column are not significantly different at 5% level by Duncan’s New
Multiple Range Test.
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Table 4. Effect of plant spacing on the crop growth rate of Tainung 1 corn plants
in the fall crop of 1993

Within-row Days after planting”
spacing
(cm) * 0-30 30-44 44-61 61-118

kg/ha<day

11-11-11 24.2a* 163.6a 230.3a 130.9a

11-22-22 (24.2) 86.7¢c 160.6¢ 107.3b

11-11-22 (24.2) (163.6) (230.3) 101.2b

22-22-22 14.6b 100.0b 191.5b 117.0b
g/plant-day

11-11-11 0.20a 1.35b 1.90c 1.08¢

11-22-22 (0.20) 1.43b 2.65b 1.77ab

11-11-22 (0.20) (1.35) (1.90) 1.67b

22-22-22 0.24a 1.65a 3.16a 1.93a

2 See Table 1 for description of spacing treatments.

¥ Silking : 61 days after planting ; maturity : 118 days after planting.

* Means with the same letter of a column are not significantly different at 5% level by Duncan’s New
Multiple Range Test.

BT R TR B M AR R RBEPEIINE 5 » FEHAELRT  BRREARS R
BARRLME B IR (AN122-22-22) B8 - 11-22-22 R MRS R AM LIS A B BN B BRI 4 R
220 - HH R 2 AR E BIMERERRLL-11-112 8 o FEAIER > EREREERRPER - (59
BZHBIRENER » ML R R (FRERTI)  EERFRARNM » ARSI HEE
me EEBFRARBRIEHRER » Rt ES ERESSY - RAMINERERSEURHIEZ22
-22-220R AR » R 11-11-112BER1E » HERWE B AR ENMERE 22 cm BREERYREAN
PR » HHEMMZRREFE AR (R5)  EFEEZMEETIHE » AID1992FRBEENREZR
MEBRE - BRERGOHENFHRER » RAMIREERR S RIEEEMAVETER%E25—38%
BUR19934F RERTEPR AL R SRRE ST SRS W H R RBE /I RBUBM » FIZBHS S E -

R, REBEHER ] REOHEERRRRE (mg/plant) BEHE (1992519934 EK{E)

Table 5. Effect of plant spacing on the amount of N accumulated (mg/plant) by Tainung
1 corn plants grown in the fall crops of 1992 and 1993

Dfays Within-row spacing (cm) ¥
after
planting® 11-11-11 11-22-22 11-11-22 22-22-22
1992
30 184.7b* (184.7) (184.7) 221.2a
48 690.3c 862.9b (690.3) 1,164.1a
63 1,199.0c 1,695.2b (1,199.0) 1,981.4a
126 1,690.3¢c 2,568.5b 2,510.1b 2,861.5a
1993
30 158.2b (158.2) (158.2) 206.3a
44 446.0b 440.5b (446.0) 610.0a
61 954.8¢ 1,155.2b (954.8) 1,389.2a
118 1,265.0c 1,689.0b 1,560.4b 2,010.7a

* See Table 1 for description of spacing treatments.
¥ Silking was 63 and 61 days after planting and maturity was 126 and 118 days after planting in 1992 and
1993, respectively.

* Means with the same letter of a column are not significantly different at 5% level by Duncan’s New
Multiple Range Test.
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# 6 B19FE TR FEFRBC RRATORE » RPERIGH » DIERRET R ERE - HiiHEHE
SRR - M AR A Y » AIMFERERR - SREZ AR ETRBIEREERI0
HUARHEAE - $597E 1kg/ha-day BT » HERHREEN » MWLAHERRTRILS BEEIRE - FAHFHET
2R 3.30-4.11kg WRE » DEMHEERE (11-11-11) && ; HEESMuaHTREEE (11-22-22)
PRI R B RCEEE AR AT 2 R R B » IR RI0E48 H MR B2 22-22-2252 3 »
EHHATISHNEMRAEEER (£6) o 19BFRBRKFHEANBLEY - EEEFRNRERM
AR ER1992FEHBER (RT7) -

w6, METEHER 1 RERFARAFEEQOLE (19925FK{F)

Table 6. Effect of plant spacing on the N accumulation rate of Tainung 1 corn plants grown
in the fall crop of 1992

Within-row Days after planting”
SI()(?r(x:':)n’g 0-30 30-48 48-63 63-126
kg/ha-day
11-11-11 0.75a* 3.4la 4.11a 0.95b
11-22-22 (0.75) 2.28b 3.36b 0.84b
11-11-22 (0.75) (3.41) (4.11) 1.26a
22-22-22 0.45b 3.18a 3.30b 0.85b
mg/plant-day
11-11-11 6.16a 28.09¢ 33.91b 7.08c
11-22-22 (6.16) 37.68b 55.49a 13.86b
11-11-22 (6.16) (28.09) (33.91) 20.81a
22-22-22 7.37a 52.38a 54.49a 13.97b

* See Table 1 for description of spacing treatments.

¥ Silking : 63 days after planting ; maturity : 126 days after planting.

* Means with the same letter of a column are not significantly different at 5% level by Duncan’s New
Multiple Range Test.

1. FEEEHER | RTRERRATEEBAILE (1993FEKE)

Table 7. Effect of plant spacing on the N accumulation rate of Tainung 1 corn plants grown
in the fall crop of 1993

Within-row Days after planting”

spacing

(cm)? 0-30 30-44 44-61 61-118

kg/ha-day
11-11-11 0.65a* 2.48a 3.63a 0.63a
11-22-22 (0.65) 1.24¢ 2.55b 0.57a
11-11-22 (0.65) (2.48) (3.63) 0.66a
22-22-22 0.42b 1.75b 2.78b 0.66a
mg/plant-day

11-11-11 5.27b 20.56b 29.93b 5.44b
11-22-22 (5.27) 20.16b 42.04a 9.37a
11-11-22 (5.27) (20.56) (29.93) 10.63a
22-22-22 6.88a 28.84a 45.84a 10.90a

z

See Table 1 for description of spacing treatments.

Silking : 61 days after planting ; maturity : 118 days after planting.

Means with the same letter of a column are not significantly different at 5% level by Duncan’s New
Multiple Range Test.

Yy
X
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FRMERAE LRI R R & - (EERBIRRZ Y R #Y2.5-3.8% (19925F) B13.5-5.
0% (1993%) » T [Fl—HARIAT R A B R B HERE7.2-10.9% (19924F)9.4-12.5% (1993%F) (% 8) » B
RESRERNN  RROHEE ZEFEERIYWERREARN ZE =% o FEEHRLK - HLUEHEE
B (11-11-11) 5§75 » HER=E BB M BGAIREEAERF 22 cm OB AR ZR - 5tH
A R R E AR R GRS RIS » EWE N7 8E48.1% 2 » BR 5247,
8ET75.5% 2 [ » IRABERRERRE > HARIRI BUOEARBEIE AN 22 cm AUREEE (11-11-22) BE (K 8)
 REIE AR EE R ERAEFTER  HENIRRSEZEWERER - £EHN
MEBBA LRI » 19924 RER P 11-11-22 R EIEMHAAEZ W E R AR 2 R IER R
TR Z27.89%8847.8% » BUEREEERH AR HE K993 ER < B fE -

®8. ERERE 1 RIEMHES AR LW E R R R R BUR SR AR R R ATHAE (%) (
199252 19934ERK 1)

Table 8. Ratio(%)of N and dry matter accumulation at tassel initiation and silking to the
accumulation at maturity of Tainung 1 corn plants cultivated in the fall crops of
1992 and 1993

Amount at tassel Amount at silking Amount accumulated
Within-row initiation to amount to amount after silking
spacing at maturity at maturity to amount in kernel
(em)* Dry matter Nitrogen Dry matter Nitrogen Dry matter Nitrogen
1992
11-11-11 3.8a" 10.9a 42.5a 70.9a 116.8b 42.7¢
11-22-22 2.6b 7.2b 39.1a 66.0b 124.3b 51.5b
11-11-22 2.5b 7.4b 27.8b 47.8¢c 143.1a 74.3a
22-22-22 2.7b 7.7b 41.8a 69.2ab 118.6b 46.7bc
1993
11-11-11 5.0a 12.5a 48.1a 75.5a 116.0a 39.2¢
11-22-22 3.5b 9.4b 41.3bc 68.4b 121.4a 47.1b
11-11-22 3.9b 10.1ab 37.4c 61.2¢c 122.3a 58.2a
22-22-22 3.7b 10.3ab 43.4b 69.1b 116.9a 46.9b

* See Table 1 for description of spacing treatments.
¥ Means with the same letter of a column are not significantly different at 5% level by Duncan’s New
Multiple Range Test.

AHHIORERD TR RRCEYE R EARBERP FRRNEE RERRENILE » f189E
100% LA L » BB RAK(ER39.2% » BFEIFTET4.3% (£8) o MEZWHENIRENS » MEBHH
R BRI MERSEEFRER » Bl (11-11-11) HEBHE (22-22-22) BREZENERSTE
Z2HHE > MESERSEERE (11-22-22K11-11-22) 82 HHGSEREREIZYEREIEE
 HERT 19924 211-11-228 B4} » % BUR BRI R R ZEE AN o ERRAHE » TRMEHREH:
MENRARERFERFRARREER - EREEMIE » BB EERMEEEMZER] | 1992458
BRLA11-22-22 R B ) - MR R M AR ERRAI PR AR S B Z74.3% » Hit =THR meg
15 - r242.7251.5% 2 [ » BAHEZZRAEEE | 1993FRBRAN11-11-22 R B K" (58.2%)
Hith =R (39.2-47.1%) ZM/MEHEEZR -

W

AR Z R DR EE A R SR R R IR BREE » (R EREMRTE AR A R R szl
RHE  FEHIBRRIERS 22 cm RE{ERES » H11-11-22R E{EH SR B R RIE - 11



150 HREERLSEIOE 58 43 B B 2 1994

-22-22R BB - 22-22-22R R » M E A ERE B RIMBREENEEZE | B2
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The Accumulation of Dry Matter and Nitrogen during

Vegetative Growth Period in Relation to Kernel Yield in Corn'

Meng-Li Wei?, Yih-Jan Jiang? Lit-Fu Chan® and Dah-Jiang Liu®

Summary

The purpose of this study was to elucidate the relationship between vegetative growth
at silking stage and kernel yield in maize. Experiments were conducted in the fall crops of
1991—1993 at Taiwan Agricultural Research Institute. Plant spacing of Tainung 1 corn
hybrid at sowing was 75 cm between rows and either 11 or 22 cm between plants of a row.
The between-plant spacing was changed from 11 cm to 22 cm in part of the plots by thinning
the stand at tassel initiation or silking. The accumulation patterns of dry matter and N,
as well as the performance of kernel yield, were investigated. Kernel yield per plant was
lower whereas yield per unit area was higher for the high-density treatment. Comparison
among the three treatments with between-row spacing of 22 cm at silking stage indicated
that in spite of the differences in the amounts of dry matter and N accumulated prior to
silking, kernel yield was not significantly different in most cases. During the interval
between tassel initiation and silking which accounted for about one-fourth of the whole
growth duration, the corn plant accumulated 25.3—43.1% of total dry matter and 40.4—63.
0% total N, resulting in very high accumulation rate of both components. The amounts of
dry matter and N accumulated at silking accounted for 27.8—48.1% and 47.8—75.5%,
respectively, of the final amounts at maturity. The treatment of altering spacing at silking
time exhibited the highest relative potential in post-silking production of both dry matter
and N. During the kernel-filling period, the amount of dry matter produced by the whole
plant was higher while the amount of N accumulated by the whole plant was lower than the
amounts of respective component present in the kernels, suggesting that the dependence of
kernel development on the pre-silking storage of N in the vegetative organs. It was conclud-
ed that vegetative growth at silking did not exert a definite effect on kernel yield of corn
within the scope of the current experiments. The ability of corn plants to accumulate both
dry matter and N during kernel filling was determined by both the growth conditions at

silking and the environmental factors thereafter, which in turn exhibited the potential of
adjusting the yield performance of corn plants.

Key words . Zea mays, plant spacing, vegetative growth, yield.
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Fig. 1. Changes of leaf number (LN), individual leaf area (A) and total plant leaf area
(TA) during the growth period of taro.
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Bo(E1) o UVES 6% WERETTRREMNNER  Hit—BERNUZMERES S K - AlE
BRI ECHERR - R ARERNE2  SHFE » TRRIRETIRS ~ 4% 5 X
HSYES B RREREBCERF » RN BERENRENTS R » AESZEEME E R
FAERLSEIMREHE  REHRE > PN EBRIEFAETBREREE -

#®1. FREBSEC S EHRRSHRETROHERARR

Table 1. Correlation coefficients for individual leaf area with the total plant leaf area of taro
at different sampling times

Days after Leaf order
transplanting i 9 3 4 5 6
1 1.00%*
(10)*
22 0.05 0.33 0.82%* 0.84*
N (10) 10) (6)
43 0.82%* 0.64 0.82%* 0.84** 0.59
9) (8) (10) (10) (6)
64 0.66 0.67* 0.72* 0.73* 0.92%* —v
(6) 9) 9 (10) 9) @
85 —-0.12 0.24 0.23 0.49 0.70* -
mn 9 10) (9 9) o)
106 0.78** 0.54 0.83** 0.82** 0.86%* -
(10) 9) am (10) 10) 1
127 0.79* 0.90** 0.88** 0.70* 0.94** 0.52
9 (10) 10) (10) (10) )
148 0.66 0.63 0.77** 0.87** 0.79** —0.18
(6) (9) (10) 10) (10) 6)
169 0.98 0.53 0.81** 0.89%* 0.10 —
) 9} (10) (10) 9) (2)
190 —_ 0.60 0.82%* 0.84** 0.91* —_
Q) (8) (10) (10) (5) (6}
211 0.38 0.73* 0.38 0.42 -
3 9 (10) (5) o))
232 — 0.31 0.19 —0.36 0.75
2 3 (10) €)] 4

*, ** Sionificant at 5% and 1% level, respectively.
z Numbers of the same leaf order sampled from 10 plants.
¥ Sample number is not enough to estimate and test the correlation coefficient.

2. FIFBRE TR AEEEAREREERE TA=kXA® SR NAMGE

Table 2. Estimates of total plant leaf area parameters from the equation TA=k X A*® using
the individual leaf area of taro at different sampling times

Days after k SE (k) a SE (a) R? Ccv
transplanting
——————— Based on 37d leaf order —
106 3.31 1.07 1.06 0.18 0.803 1.36
127 10.78 1.10 0.89 0.18 0.748 1.15
148 19.29 1.48 0.79 0.23 0.602 1.89
169 3.17 1.62 0.99 0.23 0.688 1.43
190 15.06 1.86 0.78 0.26 0.524 2.00
~—————-—— Based on 4tk ieaf order ———
106 2.44 0.98 1.08 0.17 0.843 1.22
127 86.80 1.45 0.53 0.23 0.389 1.78
148 14.04 0.94 0.82 0.14 0.810 1.31
169 17.29 0.82 0.78 0.12 0.848 0.99

190 22.10 1.42 0.74 0.20 0.621 1.78
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3. EREREE TR EEENSHERRE TA=kXA SHENAMEHE
Table 3. Estimates of total plant leaf area parameters from the equation TA=k X A using the
individual leaf area of taro at different sampling times
Days after k SE k) R? Ccv
transplanting
Based on 37d leaf order
106 4.57 0.44 0.819 9.61
127 5.63 0.47 0.747 8.27
148 5.05 0.74 0.592 14.74
169 4.35 0.49 0.656 11.33
190 3.34 0.52 0.668 15.66
Based on 4tk leaf order
106 4.01 0.35 0.810 8.73
127 4.76 0.72 0.408 15.04
148 4.30 0.47 0.803 10.83
169 3.64 0.33 0.791 9.17
190 3.69 0.52 0.713 14.18
&4 ERFEIVERPTHAEEERNSRERRE TA=a+bXA HHENEMEHE
Table 4. FEstimates of total plant leaf area parameters from the equation TA=a-+b XA using
the individual leaf area of taro at different sampling times
Days after a SE (a) b SE (b) R? Ccv
transplanting
Based on 37d leaf order
106 —107.64 2717.61 4.90 0.82 0.819 9.44
127 366.72 398.92 4.71 0.97 0.747 8.23
148 895.03 763.07 3.70 1.08 0.592 14.93
169 239.02 1035.76 4.10 1.05 0.656 11.48
190 424.92 883.69 2.95 0.74 0.668 16.17
Based on 4rd leaf order
106 —186.92 299.11 4.51 0.77 0.810 9.66
127 1167.28 483.95 2.29 0.97 0.408 12.58
148 694.68 492.67 3.40 0.59 0.803 10.37
169 986.83 601.81 2.76 0.50 0.791 8.94
190 840.20 705.86 2.85 0.64 0.713 15.03
M~ 2HEEORGER S TRRERE

SR RIFTER L A D E SR ER R BT R TREES » AR AI19924F 8K (
19924E11 A5 HBAE) KRI19935FEHFME (1993E2H5HBHE) DAERBTET KBRS NFE/EEERN »
I HETR S 106 K Z 20 EMGERR R A » (RIB LA E B P PIBTHERY » S HFHSE3 ~ 428 »
HIBRFMEM EENRREBZ2HERR - BEERRENANEmE | AIEERAREAN
BZEHER (As, A)  UEFIAERABRAER REH B HREER L0.68VH 5 /HyHEH
B (A, AY) - HEFAEREEAERESU EAERS  FHHEIZRERRERES%E
HRZHERER » HEERMRKS IR o HREM  MAEREHSSHREERR » BRSRBE—RWE
FOPER  (HEMEARAERAS R - HIRERUABNER » AEBEERTETREV Z BT
B EBENRERE AN - EREF AEEEEECERAER - A0k EERREEER
BEZHNZR » H#z=53 (percentege of deviation ) #7E20%LLT » HeiDI% 3 BEhfhEt2
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WEFER TR » ERBFEZEBEEZRIESB RI0%BLUA - ARFEEE—HRFEEERZ 2 HREER
33538 (mean percentege of deviation) KE » RIS 4 ZERIMEFISURET » RKIEREFZTY
AR R AE8% R10% EAS o IWERAH AL & Z MR T » LIS 3B ERFELIAET » REAE 4 E
ZHERTRLIA.01 - FZCHER R 106K K & 2RI R AR KT » ARk ENMERD

(EE—HE) ; FEEZHERRRES LHER » TR GERHIEATEL 2 HEAR2HRIEER
HIYERE R ZEIRE - (BHMERIREI0% LA » BIHHEREREEI0% o

%5, HEIRA20R IR A L R E 2 SRR B SR HE R BT

Table 5. Comparison of accuracy of equations in estimating total plant leaf area of 20 plants
of taro from further sampling

Model? Total area, Total area, Deyv. Mean2 . Me%n "
measured (cm®) predicted (cm®) %) ¥ dev. (cm®) dev.(%)

Sample in the fall crop of 1992
TA=3.31X As""® 51,518 57,001 10.64 426.4 16.72
TA=2.44X A" 51,518 57,155 10.94 293.5 11.37
TA=4.57XAs 51,518 53,565 3.97 300.2 12.28
TA=4.01XA, 51,518 55,539 7.80 222.6 8.87
TA=—107.64+4.90X As 51,518 55,280 7.30 364.5 14.57
TA=-—186.92+4.51 X A, 51,518 58,725 13.99 363.7 13.99
TA=3.31X As" 51,518 55,778 8.27 396.2 15.46
TA=2.44X A 51,518 56,489 9.65 262.7 10.39
TA=4.57X A5 51,518 52,476 1.86 275.1 11.24
TA=4.01XA/ 51,518 54,943 6.65 206.0 8.29
TA=-107.64+4.90X A5’ 51,518 54,112 5.04 337.0 13.41
TA=-186.92+4.51 XA/ 51,518 58,055 12.69 336.9 13.24
Sample in the spring crop of 1993
TA=3.31X A;"* 49,997 57,001 14.01 482.1 19.65
TA=2.44X A" 49,997 57,155 14.32 358.0 14.46
TA=457TXAs 49,997 53,565 7.14 356.0 15.02
TA=4.01XA, 49,997 55,539 11.08 291.3 12.16
TA=-107.64+4.90X A3 49,997 55,280 10.57 420.2 17.41
TA=-186.92+4.51 X A, 49,997 58,725 17.46 436.4 17.67
TA=3.31X As"* 49,997 55,778 11.56 451.9 18.35
TA=2.44%x A" 49,997 56,489 12.99 324.6 13.23
TA=4.57xXAs 49,997 52,476 4.96 330.8 13.94
TA=4.01XA/ 49,997 54,943 9.89 265.4 11.10
TA=-107.64+4.90X A5’ 49,997 54,112 8.23 392.7 16.21
TA=-186.92+4.51 XA/ 49,997 58,055 16.12 402.9 16.43

? TA=total plant leaf area ;
As, As=real area of the 3rd and 4tk leaf order measured by the leaf area meter ;
As, A/=predicted area of the 37d and 4¢% leaf order estimated by the formulae of area=0.68 Xlength
Xwidth in Chan et al.
¥ Percentage of deviation=

|total mea_sured area —total predicted area |X 100,/total measured area.
* Mean deviation=

n
(23| measured arear — predicted area: ) /n.
@ M:ean percentage of deviation=
(Z:il measured area; — predicted area; | X100,/measured area) /n.
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Estimation of Total Plant Leaf Area in Wetland Taro
(Colocasia esculenta (L.) Schott)

I. Non-destructive Sampling®

Hsiu-Ying Lu? Lit-Fu Chan®, Chun-Tang Lu? and Chi-Hsiung Lai®

Summary

This study was made to develop an accurate, simple and rapid method for estimating
total plant leaf area of wetland taro (Colocasia esculenta (L.) Schott) under different
growth periods in Taiwan by using nondestructive sampling. The experiment was conduct-
ed in the fall crop of 1991 at Taiwan Agricultural Research Institute (TARI). A total of 10
plants was randomly sampled at 21-day intervals starting at transplanting and ending at
harvest. All the leaves were serially numbered from the outer leaf. The area of each leaf were
measured. Moreover, to test the predictive ability for models of total plant leaf area estima-
tion in different crop seasons, random samples of 20 plants from the experiments in the fall
crop of 1992 and spring crop of 1993 at TARI were also used. Results indicated that the area
of the third (As) or fouth leaf (As) can be used to estimate the total plant leaf area at 106
days after transplanting, by the formulae of 4.57 X Az or 4.01 X A4, respectively, because the
models had the best predictive ability and possessed the least numbr of estimating factors

(only one). Although the growth and development of taro plant might be different as a
result of climatic variation at the same sampling time, the precision of the predictive models
was about 90% for both spring and fall crop.

Key words : Taro, Total plant leaf area. Non-destructive sampling, Predictive model,
Precision.
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Table 1. Index of soil heterogeneity (b) and its standard error (SEs) for yield by using 1X1
basig unit under different field sizes and shapes in the rice uniformity trials in 1991

Field Fl\ileld Field shape b*SE,
size 0.
(plant) RowXColumn LXW L/W 1991-11 1992-1 1992-11 1993-1

50 16 5%X10 1.4X1.6 1.14 1.1940.09 1.07+0.07 1.01+£0.07 1.12+0.13
10X 5 2.8%0.8 3.50 1.32+0.09 1.01+0.05 1.11+0.09 1.17+0.11

100 8 5%X20 1.4X3.2 2.29 1.02+£0.06 1.08+0.09 0.98+0.06 1.08+0.10
10X 10 2.8X1.6 1.75 0.991+0.05 0.92+0.06 0.97+0.06 0.92+0.06

20X 5 5.6X0.8 7.00 0.994+0.05 1.10+0.08 0.90+0.08 1.02+0.07

200 4 5%40 1.4X6.4 4.57 1.13+0.06 0.90+0.11 0.87+0.03 0.98+0.08
10X 20 2.8%X3.2 1.14 0.96+0.04 0.91%+0.05 0.95+0.03 0.95+0.08

20%10 5.6xX1.6 3.50 0.88+£0.056 0.92+0.11 0.86+0.07 0.92+0.02

300 2 1030 2.8%X4.8 1.71 1.03+£0.10 0.794+0.02 0.83+£0.03 0.89+0.13
15%20 4.2%X3.2 1.31 0.93+0.03 0.90+0.04 0.89+0.01 0.93+0.14

20%15 5.6X2.4 2.33 0.85+0.03 0.83+0.01 0.76%£0.05 0.8910.04

400 2 10X 40 2.8%6.4 2.29 0.96+0.02 0.77+£0.01 0.90+0.07 0.90+0.08
20X 20 5.6X3.2 1.75 0.87+0.02 0.91+£0.00 0.82+0.08 0.96+0.03

500 1 20%25 5.6%4.0 1.40 0.83+£0.01 0.82+0.03 0.73+0.02 0.87+0.02
600 2 15X 40 4.2X6.4 1.52 0.92+0.01 0.70+0.03 0.86+0.02 0.83+0.01
20%30 5.6%X4.8 1.17 0.86+0.01 0.76+0.02 0.71£0.01 0.93%+0.01

700 1 20X 35 5.6X5.6 1.00 0.77£0.01 0.80+0.02 0.74+0.01 0.931+0.01
800 1 20 X 40 5.6X6.4 1.14 0.84+0.01 0.76+0.01 0.76+0.01 0.92+0.01

L : Field plot length (m)
W : Field plot width (m)
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Fig. 1. Relationships between index of soil heterogeneity (b) and field size in the rice uniformity trials.
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Table 2. Index of soil heterogeneity (b) and its standard error (SE.) for yield by using 1X2

basic unit under different field sizes and shapes in the rice uniformity trials in 1991
-1993

Field Field Field shape b+SE,
(psllazgt) RowXColumn LXW L/W 1991-11 1992-1 1992-11 1993-1
100 8 5%20 1.4%3.2 2.29 1.04+0.07 1.14%+0.16 1.06+0.11 1.17+0.12
10%10 2.8%X1.6 1.75 1.22+£0.18 0.91+0.07 1.05%£0.08 1.06+0.14
200 4 5X 40 1.4%X6.4 4,57 1.21+0.07 0.87%+0.16 0.87£0.05 1.00+0.09
10X20 2.8%3.2 1.14 0.97+0.05 0.8940.09 0.99+0.04 0.97+0.09
20%10 5.6X1.6 3.50 0.884+0.09 0.93+0.09 0.84%+0.11 1.01+0.09
400 2 10 x40 2.8%6.4 2.29 0.95+0.02 0.71+0.02 0.92+0.10 0.89+0.05
20%X20 5.6x3.2 1.75 0.83£0.02 0.90+0.07 0.80+0.11 0.9940.00
600 1 15X 40 4.2%X6.4 1.52 0.89+0.03 0.63+0.02 0.78+0.01 0.81+0.01
20 %30 5.6X4.8 1.17 0.80£0.02 0.76+0.02 0.66%£0.02 1.00+0.02
800 1 20 %40 5.6X6.4 1.14 0.81£0.01 0.70+0.01 0.72+0.01 0.92+0.01

L : Field plot length (m)
W : Field plot width (m)

. BA1991-1993 g B . ERIRET RIHBEA/NRER T RIA2 X 12 B A B AT A 45

B R RSE PRI (b) REAR¥EE (SEs)

Table 3. Index of soil heterogeneity (b) and its standard error (SEs) for yield by using 2X1

bassi):c; unit under different field sizes and shapes in the rice uniformity trials in 1991

Field FI\iIeld Field shape b*SEs
(psllazgt) o RowXxColumn LXW L/W 1991-11 1992-1 1992-11 1993-1
100 8 10X10 2.8X1.6 1.75 0.99+0.06 1.084+0.12 1.04+0.10 0.95+0.13
20X 5 5.6X0.8 7.00 1.07+0.07 1.26%+0.14 0.92+0.12 1.02+0.09
200 4 10X 20 2.8%3.2 1.14 1.01+0.08 0.994+0.05 1.04+0.08 1.00+0.11
20X 10 5.6X1.6 3.50 0.894+0.06 0.98+0.15 0.85+0.08 0.88+0.04
400 2 10X 40 2.8%X6.4 2.29 1.124+0.11 0.79%0.06 0.90+0.15 0.96+0.03
20X 20 5.6X3.2 1.75 0.87+0.02 0.97+0.05 0.81+0.08 0.96+0.03
600 1 20%30 5.6x4.8 1.17 0.88+0.01 0.78+0.03 0.68+0.01 0.91+0.02
800 1 20X 40 5.6%6.4 1.14 0.86+0.01 0.76+0.02 0.73+0.01 0.93+0.01

L : Field plot length (m)
W : Field plot width (m)
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Table 4. Effects of field size and basic unit on index of soil heterogeneity in the rice
uniformity trials

Basic unit Field size 1991-11 1992- 1 1992-11 1993-1
1x1 50 1.25a 1.04a 1.06a 1.15a
100 1.00b 1.03a 0.95ab 1.01b
200 0.99b 0.91ab 0.89bc 0.95b
300 0.94b 0.84b 0.83bc 0.90b
400 0.92b 0.84b 0.86bc 0.93b
500 0.83b 0.82b 0.73¢c 0.87b
600 0.89b 0.73b 0.79bc 0.88b
700 0.77b 0.80b 0.74c 0.93b
800 0.84b 0.76b 0.76¢ 0.92b
1X2 100 1.13a 1.03a 1.06a 1.12a
200 1.02a 0.90ab 0.90ab 0.99a
400 0.89a 0.81ab 0.86ab 0.94a
600 0.85a 0.70b 0.72b 0.92a
800 0.81a 0.70b 0.72b 0.91a
2x%1 100 1.03a 1.17a 0.98a 0.99a
200 1.00a 0.99ab 0.95a 0.94a
400 0.95a 0.88ab 0.86a 0.96a
600 0.88a 0.78ab 0.68a 0.91a
800 0.86a 0.76b 0.73a 0.93a

Values followed by a common letter are not significantly different at 5% level, based on Duncan’s
Multiple Range Test.
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Effects of Field Size and Shape on the Measurement

of Soil Heterogeneity in Uniformity Trials'

Chun-Tang Lu? and Hsiu-Ying Lu?®

Summary

The purpose of this study was to investigate the effects of field size and shape on the
measurements of soil heterogeneity. The yield data from the rice uniformity trials were
obtained from four crop seasons in 1991-1993. The estimates of index of soil heterogeneity
(b) at the same area did not vary with years and seasons. Change in field size and shape
exhibited effects on the estimates of b. A b value greater than 1, which indicated negative
correlation between contiguous plots, was obtained when the field size was too small. The
value of b tended to be converged to a constant value as the field size was large enough so
that the edge effects became insignificant. As the cost of operation increased with increasing
field size in an uniformity trial, the minimum size and optimum shape of the field should
be estimated to balance precision and cost. Minimum size was governed by the plots of basic
unit chosen. It was estimated the size should be at least 100 times the size of basic units and
the shape should be as nearly square as possible in an uniformity trial.

Key words: Uniformity trial, Soil heterogeneity, Field size, Field shape, Rice.
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Fig 1. The seasonal growth of shoot (A) and berry (B) of ‘Kyoho' grape in three

producion models.
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Fig. 2. Seasonal changes in total nitrogen of ‘Kyoho’
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grape in three production models.
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Table 1. Seasonal changes in reducing sugar of ‘Kyoho’ grape in three production models.

Harvest time Dates

and crops 3/8 3/24 4/10 4/26 5/12 5/29 6/15 6/30 7/16 7/31 8/15 8/29 9/14 10/17 11/2 12/3
Summer grape 154 031 845 394 257 215 173 28 135 1.42° 3.07 200 119 065 326 045
(%+SE)* +0.06 £0.02 +0.25 +0.61 £0.57 £0.41 £0.67 £0.49 +2.43 +0.46 £0.14 £0.36 +0.16 £0.17 £0.20 £0.09
Fall grape 132 029 6.8 597 15 205 059 298 283 430 618 223 132 115 345 092
(%+SE)* +0.14 £0.02 +1.23 +0.29 +£0.25 +0.33 £0.11 +0.45 +0.44 +£0.57 +1.38 £0.39 £0.10 +0.28 £0.21 +0.23
Summer/Winter 143 031 323 614 194 213 046 7.90 1294 2.02* 451 228" 1.58 120 3.81 1.04
biannual grapes +0.04 +£0.01 £0.33 +£1.27 £0.31 £0.23 £0.07 £0.91 +2.18 £0.35 +1.41 +0.48 +0.36 +0.16 +£0.37 +0.10

(%£SE)*

* Each vallue is the mean of 3 replications on a dry weight basis.

¥ All flower clusters were removed on May 16, fruitting canes were pruned on May 30 to induce fall grape.
Berries were harvested on August 29, 1990.

* Summer grapes were harvested on July 17, 1990.

¥ After summer grape was harvested on July 17 and fruitting canes were pruned on August 16 to induce
winter grape. Berries were harvested on December 3, 1990.
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AR EEEEML  RREE (3 A8 H) BHHFREERIEN0.24%~040%7%% > FEE
BIERE » TR SRR > B 7 AR RERPRKESEEIRE (15.7%~16.9%) R
K2KE3B-

2. ERWHSETREERRER TSRS RZHEIL

Table 2. Seasonal changes in soluble sugars of ‘Kyoho’ grape in three production models.

Harvest time Dates

and crops 3/8 3/24 4/10 4/26 5/12 5/29 6/15 6/30 7/16 7/31 8/15 8/29 9/14 10/17 11/2 12/3
Summer grape 039 024 308 523 352 288 639 508 1574 025° 0.64 244 28 107 076 0.98
(% £ SE)* +0.04 +0.03 £0.16 £0.58 £0.09 +0.31 +1.16 +0.98 £1.38 +0.09 £0.25 £0.59 +0.08 £0.36 +0.17 +0.16
Fall grape 039 030 345 575 413 207 121" 228 324 283 136 15 078 122 079 168
(%+SE)* +0.08 £0.02 £0.21 +0.44 +0.36 +0.33 £0.26 +0.62 +0.73 £0.73 £0.31 +0.15 +0.02 +0.13 £0.04 +£0.34

Summer/Winter 024 048 349 615 424 212 501 7.70 1694 113* 0.86 234" 353 392 313 126
biannual grapes +0.04 £0.03 £0.22 £0.19 +£0.31 +£0.19 +0.32 +1.40 +1.43 +0.18 £0.17 +0.46 +0.62 £0.57 £0.59 +0.25
(%£SE)*

s Y5 * and v are same as in table 1.
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3.
Fig. 3.

Reducing sugar % on dry wt. fruiting cane

Starch % on dry wt. fruiting cane Soluble sugar % on dry wt. fruiting cane

Total carbohydrates % on dry wt. fruiting cane
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%3, ERWHSETRSEESIRERGERG S ROFHRL

Table 3. Seasonal changes in starch of ‘Kyoho’ grape in three production models.

Harvest time Dates

and crops 3/8 3/24 4/10 4/26 5/12 5/29 6/15 6/30 7/16 7/31 8/15 8/29 9/14 10/17 11/2 12/3
Summer grape 2283 016 7.98 858 325 4.92 404 477 848 396* 7.82 777 592 461 834 804
(% +SE)* +2.60 £0.82 £0.36 £0.96 +0.51 +0.11 +0.85 +0.44 +0.47 £0.61 £0.93 £0.69 +1.31 +0.61 +0.59 £0.88
Fall grape 2054 6.62 810 1072 490 4.60 230" 351 6.04 3.89 4.8 6.04 2794 553 6.03 7.03
(% +SE)* +213 +£0.73 £1.10 £1.05 £0.96 +£0.95 +0.27 £0.55 £1.07 +0.29 +0.24 +0.83 +1.48 +0.63 +0.52 £1.14

Summer/Winter 2264 911 815 839 472 479 277 693 798 4.45° 1421 487" 356 542 514 1001
biannual grapes +1.94 £0.80 £1.60 £1.10 £0.64 £0.77 +0.53 +£1.09 £0.53 £0.12 %2.66 +0.42 +0.47 £1.05 £0.71 £0.81
(%+SE)*

X

9 Yy X and ¥ are same as in table 1.

BT HRERIENERRN  FRUGRERDRR > Bl BRAEEHNP 8 A~ TARKR
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ER AR RRG S BORME RSBy (MEEEE - NIEREEREREY » S
2R ENREESETHRAES (3D R4) » L—HRERAEMSEREISOERR
ERRERAER o BMEBIRSOREAM RMERBAEE (B130X) ZHHHRE - FEEMERREHR
PSR IEERE » RHERKE » (RE28REREMBIRN » IHERGEIBER » Hig2
ML ER5.58 %6 HH M ZE15.06% © KR — I WAL SR EATRERI2IR HIR R - LR AEE
ZHACEWRIERSREIIZK B EE o

®4. CERWHZEAREEREEEG2RAMLEDE RO

Table 4. Seasonal changes in total carbohydrates of ‘Kyoho’ grape in three production models.

Harvest time Dates

and crops 3/8 3/24 4/10 4/26 5/12 5/29 6/15 6/30 7/16 7/31 8/15 8/29 9/14 10/17 11/2 12/3
Summer grape 2322 941 11.07 1381 6.76 7.79 1043 985 2422 421 846 1022 875 5.88 9.0 9.02
(% £SE)* +2.63 +0.85 +0.40 +£1.48 £0.48 £1.24 +1.32 +0.65 £3.74 £0.74 £1.07 £1.93 +1.35 +£0.78 +0.83 +1.43
Fall grape 2093 6.92 1155 1646 9.03 6.67 351 578 928 673 621 759 2871 6.75 6.82 871
(% £SE)* +3.03 £1.45 £1.75 £1.86 £1.24 £0.98 £0.27 £1.02 £1.29 £1.17 +£1.18 +1.01 +1.50 +1.28 £1.12 +1.23

Summer/Winter 22.88 9.59 11.64 1453 896 691 7.78 14.63 24.59 558 15.06 7.21% 7.09 933 827 11.27
biannual grapes +2.04 £0.64 +1.68 +1.86 +0.54 +0.59 +1.20 £2.91 £1.89 £0.21 +2.77 £0.50 +£0.76 +0.49 +1.14 +£1.31
(%*SE)*

ZT4Y4X

and ¥ are same as in table 1.
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Physiological Studies on ‘Kyoho’ Grape in
Different Production Models'

Shyi-Kuan Ou?

Summary

Three production models were designed for ‘Kyoho’' grapes namely, one summer
grape, one fall grape, and biannual grapes. The annual growth cycle of the vine, berry
growth and development, and seasonal levels of nitrogen and carbohydrates were compared
among 3 production models.

The number of days of growth required for the maturity of summer grape was 131 days,
91 days for fall grape, and 109 days for winter grape. The cane pruning and bud forcing in
early March triggered the reproductive growth of grape. About 30 days after pruning, (new
shoot about 42.3 cm, flower cluster 5~7cm) total nitrogen contents reached to a maximun
peak (2.4% on dry weight dasis) ‘which was 3.4 times to that before pruning (0.7% on dry
weight dasis) , but it required only 15 days (new shoot about 4~6cm) for both fall grape
and winter grape to reach the first nitrogen peak. After cane pruning, the starch gradually
decreased with a concomitant increased in soluble sugar. Total carbohydrates showed two
peaks, one on 51 days after pruning (13.81%) and another at berry harvest (24.22%) . The
carbohydrates content at the latter peak was higher than that before pruning (23.22%) .
The total carbohydrates were rapidly accumulated within 28 days after harvest, and it
declined again after the second pruning.

This study revealed that cane pruning and bud forcing not only adjusted harvest time
but also induced regular changes of carbohydrates and nitrogen content.

Key words : Biannual grapes, Summer grape, Fall grape, Winter grape,
Carbohydrates, Nitrogen.

1. Contribution No. 1718 from Taiwan Agricultural Research Institute. This research was financially support-
ed by the National Science Council.
2. Associate horticulturist, Department of Horticulture, TARI, Wufeng, Taichung, Taiwan, ROC.
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Fig. 1. Installation used in experiment
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Table 1. Composition of the nutrient solution

Macroelements (me/1)
Salts

N P K Ca Mg
Ca(NOs)2.4H20 7 — - 7 —_
KNO; 6 - 6 — —
NH, H: PO, 1.3 4 - — —_
MgSO4.7HzO o —_ —_ -_ 3
Microelements (ppm) Fe: 3 Cu: 0.02
B : 05 Zn: 0.05
Mn: 05 Mo: 0.02

pH 6.8

EC 2.0 mmho/cm

BETFLMES T 2,000/5230 8585 » SRP30°CIEBAMS—XK » BFHMAL 3a’ W2 Hh
FIV) CRERETE - MLIMMZ R (EC 0.6~0.8 mmho/cm) REEHI—ASKMEE o REH2~3
R A SERFE R PRI REAR A E AR b o BRI AT » BREEE 1 AR o SHEMISH » 25280
P o SEMERIRE R - DS ERNE  NRFEENE EREER - BE24~25MIEML  MkE
REBEE 12~ 158 M EHEMTE » SR ZZUETE - WHREFRET R - BENSHRBS
HUFE804E 1 A26H » 804 6 H11H » 804F10H 2 H » 814E 2 B 9 HIMKI%AE o
=-AERA

B L AR R R SRR S H SRR RIS RS  BRERSEASER BT EC
fHEME ~ BIBRAEEERKZ pH ML - 5 0 2 BB BRE b RS T BRI & 20 ~
B - FHERBCRERAEHAE - BN - RS - BEREES -

mRER
— ERHRER
CEERB B AER
ERBBEZHFHORRARER - PHEHEZWORN - MRREERE —HiE » KRB RER

PIRIERRE o PIISVEREE » (REFRINSHE A RN WMAE - ERBRERNY - BHEEY
3~ READARIIRIR T RPH S5 51550.80 ~ 1.70 ~ 2.23R11.804F o EFEHISTBI£30.80 ~ 1.74 ~ 2.35 ~
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Table 2. Nutrient solution removed by muskmelon at different stages and different seasons
(1/day/plant)

Stages BT o 10/2121/21 e
Vegetative growth 0.80(31) 0.80(22) 0.70(32) 0.92(31)
Pollinated young fruit 1.70(15) 1.74(14) 1.13(16) 1.24(15)
Fruit enlargement 2.23(30) 2.35(26) 1.25(34) 1.93(25)
Fruit mature 1.80(13) 1.80(14) 1.00(17) 1.72(12)
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Changes of daily maximum temperature and nutrient solution removed by musk-
melon grown in early spring, 1991
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Fig. 3. Changes of daily maximum temperature and nutrient solution removed by musk-
melon grown summer, 1991
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Fig. 4. Changes of daily maximum temperature and nutrient solution removed by musk-
melon grown in autumn, 1991
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Fig. 5. Changes of daily maximum temperature and nutrient solution removed by musk-
melon grown in late spring, 1992
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HE®E - MBRERS - ERHRMOARRIIERS » HHEY » KHEARESG LHhRES
RER » KEFIE0.46~0.522FZH » BER\FHEBLUEFFHL2AT RS ~ REFELIRZAAGRE
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®3. BREFFNFHHIRERER O/ B/H

Table 3. Nutrient solution removed by muskmelon grown in different seasons (1/day/plant)

Early spring Summer Fall Late spring
Day 1.12 1.25 0.57 0.91
Night 0.47 0.46 0.45 0.52
Total 1.59 1.71 1.02 1.43

®4. REFTNZEHRBEEER (A7 H)

Table 4. Total nutrient solution removed by muskmelon grown in different seasons(l/plant)

Early spring Summer Fall Late spring

Growing period
(days) 89 76 99 83

Nutrint solution
removal (liters) 141.5 130.0 101.0 118.7
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Fig. 6. Changes of pH and EC in the nutrient solution for muskmelon grown in early
spring, 1991
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Fig. 9. Changes of pH and EC in the nutrient solution for muskmelon grown
in late spring, 1992

R TR BRERW LAES » RERFEHRRBE - SEFHPERRE AR SGER » BREEORE
FEARTEROR » 137758 » IRER AR L - (EARETE R AT EE R 38 » 1RE ~ 1R ~ IR
HIEAL ~ IRE TRV ~ IMERSHOBBRPERPYRER - TRREHINRRSLREE
» RNFTE R BIRE SR EE -

HREEBRRKE EC B pH EZIEE » WP H AR R B e IR 8 B 46 A R » WIRE
RETNFHEK (Balanced solution) ° BB ZIAETLHERE NOs-N-~P~K-~Ca> Mg
SAIE13~4~6~7~3me/l > HBFREZBERE > WHEHESHNNARTERBRILE - B
HHEE NOs-N &4 :

NOs-N RE (mg) =EHREERBER(1IX13X14

BVEREFZ NO;-N=141.5X13X14=25,753mg=25.8g » EAITHELUL HRETE RS-

®5. HEEFLTRAREROZTERKEE (A% /%)
Table 5. Total nutrient uptake by muskmelon growing in different season (g/plant)

Early spring Summer Fall Late spring
NOs-N 25.8 23.7 18.4 21.6
P 5.8 5.4 4.2 4.9
K 33.1 30.4 23.6 27.8
Ca 19.8 18.2 14.1 16.6
Mg 5.1 4.7 3.6 4.3

HSEREFNERREEFTER » REEREUEEFRKERS » BIERREERR » KIERD
o BRI » FEREMBEHUKERK » IKRE NOs-N ~ Ca~ P~ Mg o SEBLIEHERL BT
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BRI HER » TERES R > N~ P~ K~ Ca~ Mg 251/17214.4~21.4 ~ 2.3~4.5~
14.5~43.3 ~ 8.5~13.8 ~ 2.8~4.637% o WRFFVLIBIAT 2 » BIEZN -~ P~ K~ Ca~ Mg 77518
20.6 ~ 4.34~21.9~ 153~ 50858 /#k » BIESBIF24.9 ~ 4.86 ~ 33.7~ 15.5~ 6.0 5T/ Fk o AR
EWAVISE SRR RATAE » HARE R R MRS RARE o AL R AR R BT
RIEHE - HRRERRNRG  FEBEDRIERL o
= HEFHAERNKERE

BRIEFH R E BB E R ARG - ZFETHI B8 HEIERK B - DIEERRAE -
B LTETEAS~ATR » BLATOEE | TBMEH R » 946~51K ; BRIFERR » 49~52RIHE o REZHEERI
HRZER  BUEERER  REERAEFRE » AREBEE - KIERE o £0E ERETZHT
R EMLL Earl's ER&EME » HIUMAERIREBRREE - RECBEREL T-9 &E» HX
BRUERLNTIFPRH » T Earl's R o HEAMKRENESZHRBGHTRE » WHEIELL T-99
B EFRIRGRAL AR o RANEEER—REtMFETERTRL -

®6. BEFHRLERIKEAE

Table 6. Investigation on growth and harvesting of muksmelon in different seasons

Date of Date of Date of External Flesh Sugar  Fruit
Seasons Variety pollin- Thick=x_ content weight
ation harvest mature Color® Net Color  ness (°Brix) (g
(%)
T—99 3/21 5/26 50 G # LG 64.9 15.90 1,700
Early -
Spring ES ]0,2R 3/28 5/18 51 G H R 55.1 14.10 1,330
arl’s
Summer 4/04 5/20 46 LY # LG 51.7 14.40 1,053
T—99 7/31 9/16 47 G H# LG 55.4 13.60 1,788
Summer FS-02R 7/28 9/13 47 G # R 58.3 14.80 1,550
Earl’s
Summer 8/03 9/17 45 LY # LG 52.0 14.15 1,138
FS-02G 7/24 9/18 45 LY # LG 52.0 12.20 1,332
1992
T—99 12/08 1/27 50 G + LG 50.0 13.73 800
Fall FS-02R 12/09 1/30 52 G # R 54.1 11.60 833
Earl’s
gans o 12/09 121 49 G it LG 488  13.24 680
FS-02G 12/09 1/27 50 G H w 48.0 13.68 840
T—99 4/09 5/27 48 G # LG 51.4 16.72 1,590
FS-02R 4/09 5/26 47 LY # R 55.2 12.84 1,666
Spring  SaS o 4/m0 s @ G # LG 465 1432 1,030
FS-02G 4/08 5/25 47 LY # LG 52.4 13.04 1,214

* Color : G=green, Y=yellow, R=red, W=white, L=light
¥ Net : #texcellent, #good, + acceptable
* Thickness % =Thick of flesh,/Fruit diameterx100%
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Studies on Nutrient Uptake of Muskmelon

Grown in Different Seasons'

Tzay-Fa Sheen and Miao-Miao Hsu?®

Summary

The purpose of present experiment was carried out to investigate the different growing
seasons. The results indicated that the removal of nutrient solution at different cropping
seasons of early spring, summer, autumn and late spring were 1.59, 1.71., 1.02 and 1.43 1/
plant/day, respectively. While the total nutrient solution removed at different cropping
seasons were 141.5, 130, 101 and 118.7 1 plant, respectively. The daily removal of nutrient
solution per plant was higest in summer, and total removal was highest in early spring
cropping season. Based on the removal of nutrient solution, the growth and development of
greenhouse muskmelon can be divided into four stages, namely vegetative growth stage,
pollinated young fruit stage, fruit enlargement stage and fruit mature stage. Maximum
removal of nutrient solution was found in the fruit enlargement stage. This seems to be high
correlation with fruit size. In addition to the growth stage and growing season, the removal
of nutrient solution of greenhouse muskmelon might also be correlated with environmental
factors such as temperature, light and wind.

Key words: greenhouse muskmelon, growing seasons, nutrient solution culture,
nutrient solution removal.

1. Contribution No. 1719 from the Taiwan Agricultural Research Institute.
2. Deputy director, Taiwan Agricultural Ressearch Institute and Assistant researchers, Fengshan Tropical
Horticultural Experiment Station, TARI, Fengshan, Kaohsiung, Taiwan, ROC.
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ETBESEMERRZEARG S
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#E : Alternaria dianthi Stev. & Hall 3[R RIERR > BRAARTERE LEH
MIERHEZ— - BR|JENBEEFBERW SRS BRRE - TRRYBR G
BEEMSEENRZEEEERRNER » HhDUTERBEERETUR - MERESIERETY
BSEHERRE IR - 1 8 EREIURERS - HRHSRERERRRE - ¥
R EURR R AR AR BTEME » M RETRSEEEREES - BEERHRR
M75%MERER (Chlorothalonil) TJRME#AI4001% 524.9% 75 ] (Difenoconazole
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RASEER : BRUDEE ~ ZEDOIN - PURYRIE ~ BIEHIE ~ 1LERRE -

I (Dianthus caryophyllus L.) X&EGY » BAVRIAETB—ES 452 EAEY
» BEBEEFF TS EBYITE L — o B RETYBAIE 20511 MBS [T e B R R s » fehd
RN ZRBNIRERRSEEYE  IHEZENRE | BRI ERTES0AE » FEERE
HhYE R IR R I SR B ~ LR HRRKBEREET - EAREEYREEfZ—Y .
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bt > AW BRI A BB RIS HIE TR 2 B AR » WIEN SRR R 1T
ZIERE  FRBRBSEERRHMREZS%E o

MHE B E
— \ HHEBEEDERETE
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TEH R T RRAE26~50% 5 4 8 @ WA HRRERES1I %N L | BRE (%) =3 (RER x Z
BRERE) 4x BRI x 100% o [EEREEAEIEERT/NETEEREAER AT -
W SRR AR ~ S RICEEE -
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HII0%K » SESRTER CBIRIEE  ABRBERERE » UTHEN - BRERERBR LSRR ERZEZR
A AEFEEEAR TEDERENRSBZRYER

RIRATEHRE R - PRESLE 9 AE82MF 6 AERBTIF B EET B FEMEATRT
PiRSTE Ariane(R) BUB9R AR Scarlette (S) HIZEMR B EZIHY - RBRETEIVR M EE B EE
~ PURR RS AR - RTREMKRESREESNEREE AR - W TEFR

R 6 B (BERISAR » F60AS) » BEFE40AS » BREE20A5> » JEFRL » 2R3 » 4
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RIEE » FRARNMERBERE -
N EBERSARR

(U B 5

AR M A HE B BB B IR 5% - MR REE T AR SO O R B BN & 2
EfEEERANERLIATY] » PR TR » /IR ERERT R R R RSB RI R
#h—E A ZBFRmHEE Scarlette THMKEET | » HEHFEBES 10°conidia/ml » HERLIBE LRI
U/NEF - 10K % » AEBHEIER ZBHRE - RBEHEBRUE RS ERIITIE S BHEER -
AEBRERENERE » REHET R

F1. FRHRBEYEERCRERNEES - BRE - LBERP T4

Table 1. Common name, trade name, chemical name, and Chinese name of fungicides
screened for the control of carnation leaf spot disease

Common name Trade rame Chemical name com%%?leieame
75% Chlorothalonil W.P. Daconil Tetrachloro-isophthalonitrile HEARER
80% Metiram W.P. Polyram-Combi Tris (ammine (ethylene bis (dithiocar- &M

bamate)) Zinc(2+))
(tetrahydro-1,2,4,7-dithiadiazocine-3,8-
dithione) polymer

50% Iprodione W.P. Rovral 3-(3,5-Dichlorophenyl) N - (1-methyl- #&¥R
ethyl) 2,4 - dioxo -1 - imidazolidine car-
boamide

24.9% Difenoconazol E.C. Score 1- (2- (4- (4-chlorophenoxyl) -2-chloro F5F]

phenyl) -4-methyl-1,3-dioxolan~2-yl~-
methyl)-1H-1,2,4-triazol

— Kocide Cupric hydroxide SEA

21.2% Imazalil E.C. Fungaflor 1- (2-(2,4-dichlorophenyl) -2- (2- #%]
propenyloxy)ethyl) 1H-imidazole

65% Zineb W.P. Dithane Z-78 Zinc ethylenebisodithiocarbamate FEThH

(VA REER & AR R s il

HR LRI RS - 3275% Chlorothalonil WRMERE (MERER) 400X 5K%24.9%
Difenoconazole 2L#| (FF5fl]) 1000X FRFEZEM| » PEERL K I TR HEIE AR REI TR A R - G
o Tl HER MM FEE RS Triumgh doranja & Candy klemaxi * HEBIS0HE4 B 1 HEE
FIHABRMATEEE » & 7 —10KMEME75% Chlorthalonil W.P. 400X %24.9% Difenoconazole E.C.
1000X (f¥3efll) WRAEZER) » S 6 X (NFEBPHEETN) » REESERYHE - WA
ERBHE - ERTHEFRRBEHEANES Alpine stapin & ngr Nibbio - HEESI4E 2 A10H
#2FALAH24.9% Difenoconazole E.C. 1000X (f5efll) ZER| » SEEEMER 3 K » RIGEEERLE -
TENFRER A BRE R » UTMERBYEZRERER - MR SERT2EERG
» B/NEE 5 ARE06AR » H/NEEEERITHRES20A5Z B8 » 51608 » HRIEMER -

w R

—  RHBEFA BT

B zHG ~ HE ~ bR EESTET RSN BERANSRB RN - BRI BE
BERMEZARMEER  HPLEREES BRERH  RETCHZRYE » EEGHMEzmir
nbgr R¥1Et nbgr Ettore SFEZER TRIRE Bi£76.9% K87.3% » TEEIRRA I FIE81% 5 92% (
#2)  HRRZHE - it WHEREBSERRSRE SRR > 8RR E R BT
7 HAESEEARERRHEIAE 2R AR HERR » /6@ R Mngr Scarlette ~ her
Tombola & Emanuel ZEH BRBE IS5 - 28%14.5% » TEEAS2 ~ T0531% = EHvas (#3) o
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#2. HMHEREZ R BRRENRAETE

Table 2. Disease severity of Alternaria leaf spot on various carnation cultivars under field
conditions

Cultivar flower color ODflsefZ?f S‘zv‘fyz‘t’; ﬂgrggrcst?% ) Location
hgr Ariane red 1.2 0 Kang-ping
Nelson ngr red 2.5 0 Tien-chung
Rony tgr red 4.3 0 Chi-chou
Carrera pink 0 0 Kang-ping
hgr Stefanie pink 33.8 59 Kang-ping
Nathalie pink 12.2 18 Chi-chou
hgr Barbara pink 9.6 12 Pei-tou
Ramona cerise 30.0 57 Tein-wei
Shinashuba cerise 8.8 12 Kang-ping
hgr Natila cerise 35.6 52 Tein-chung
Salamanca yellow 28.5 55 Tein-chung
Alpine stapin white 22.2 65 Kang-ping
Cabaret orange 184 21 Pei-tou
hgr Tropic sun orange 26.3 56 Chi-chou
Izmir nbgr purple 76.9 81 Kang-ping
nbgr Ettore red-white 87.3 92 Tein-wei
hgr Scarlette red-white 53.6 68 Kang-ping
Scarlette Queen red-white 59.0 73 Pei-tou
wer Graffiti white/red 0.5 0 Kang-ping
hgr Tombola white /dark 73.8 81 Tein-wei

pink
ngr Nibbio white,/light 20.4 34 Chi-chou
pink

hgr Festival yellow,/red 26.9 48 Kang-ping

®I. BB RERHERAE Z B T B R L BE B A 1T T

Table 3. Disease severity of Alternaria leaf spot on various carnation cultivars under rain-
proof structures

Cultivar flower color onlsefaezef s%v%xt))' flérg:;:st?% ) Location
hgr Ariane red 0 0 pu-li, Ching-jing
Nelson ngr red 0 0 pu-li, Wu-sheh
hgr Red Barbara red 0 0 pu-li
Dona bre pink 0 0 Pu-li, Hsin-yi,
hgr Stefanie pink 7.5 15 Wu-sheh
Tasman nbgr cerise 0 0 Pu-li
Gala nbgr cerise 0 0 Pu-li
Curacao cerise 2 9 Wu-sheh
Candy kleopi cerise 8.5 20 Wu-sheh
Las palmas yellow 0 0 Pu-li
Salamanca yellow 15 25 Wu-sheh
Triumgh doranja orange 31.3 65 Wu-sheh
hgr Scarlette red-white 0 0 Pu-li
hgr Scarlette red-white 35 52 Wu-sheh
hgr Tombola white /dark 28 70 Hsin-yi

pink

Emanuel yellow /cerise 0 0 Pu-li
Emanuel vellow /cerise 14.5 31 Ching-jing
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Table 4. Susceptibility of various carnation cultivars to Alternaria dianthi in the green-

house
Cultivar flower coler Disease severity (%)* Rating”
Vivasim red 33.2 S
Eapana starotang red 21.6 R
hqgp Ariane red 24.5 R
Indios nbgr red 35.9 S
Nelson ngr red 39.8 S
hgr Red barbara red 33.4 S
Rony tgr red 29.1 S
Dona bre pink 36.8 S
Carrera pink 20.5 R
hgr Stefanie pink 53.8 HS
hgr Barbara pink 36.7 S
Serenode pink 46.5 S
Nathalie pink 34.9 S
Tasman nbgr cerise 27.1 S
Ramona nbgr cerise 48.5 S
Manon ngr cerise 35.2 S
Shinashuba cerise 27.9 S
hgr Natila cerise 45.5 S
Candy klelopi cerise 16.2 R
Jose cerise 23.0 R
Gala nbgr cerise 35.7 S
Curacao cerise 29.0 S
Las palmas yellow 29.8 S
ngr Isac yellow 32.0 S
Candy klemaxi yellow 45.7 S
Salamanca yellow 38.5 S
Alpine stapin white 41.0 S
hgr White barbara white 47.6 S
Cabaret orange 43.3 S
hgr Tropic sun orange 28.9 S
wgr Calando orange 20.1 R
Izmir nbgr purple 68.9 HS
Green castle kgr olivaceous 40.4 S
Rosita charmeur red /white 46.4 S
nbgr Ettore red/white 54.9 HS
hgr Scarlette red /white 48.1 S
wgr Graffiti white /red 22.2 R
hgr Tombola white /dark pink 70.5 HS
ngr Nibbio white /light pink 29.1 S
Mistral nbgr white/cerise 38.2 S
Emanuel yellow /cerise 23.3 R
hgr Festival yellow /red 66.5 HS
Maragia —_ 72.0 HS
Riggio — 60.2 HS
Desid —_ 60.1 HS
Safari — 58.0 HS
Icaro — 40.2 S
Desirade — 32.0 S
Master — 28.4 S
Oriana — 26.9 S

* Data were recorded 14 days after plants were inoculated with conidial suspension (10* spores,/ml) of

the pathogen.

¥ R represents disease severity of carnation leaves (DS) <25%, S represents 26% <DS<50%, and HS
represents DS >51%.
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Fig. 1. Disease development of Alternaria leaf spot on resistant(R) , susceptible(S), and
highly susceptible(HS) carnation cultivars in the field.

M ETNEEEARNTENENENRREZRRER

RIRAHE hgr Scarlette 76 3 A HAIEBAMAEE » 4 B ARSI HESER o HUKSRME her Arine
BmEER (EE1) REBEMESEEEE (RE2) Sk s5 Bdha GRkhel) B48TF
RTEBAE  EVURRRERET (RES3) RERKEE (RE4) > HRRERER4ETAR
PR » RHEBREEE » FURRERKERIE IS 0% < RE (E2) o
A~ EHEPGARR

18 S BERIET B AE REER » B3R 7 %8I » B Difenoconazole (FF3Efl) TEBS RiGHsk
RIS » HADBEBIRI MR ELERSRE (F5) - BIEBEEEEZT75% Chlorothalonil B
Bl (MERER) 400X K24.9% DifenoconazolePl Bl (fF7Fl) 1000X 7EE it K 22 i st FI S
HEITHHERRE o EBRLHERE » KBS - M 6 KEER » RIFEEBIE BIFH S8R  f
HMEL Difenoconazol FREHE - WEERBRBE  HREERBRESIGERBIELER » A8
BRREATEDYG (H3)  ERESERRE » 35U ERBMLSH 3 KL » KT HERE »
HAlpine stapin MEEEEREAHE - R BRERIEER SR RESS3.1%5263.5%
R14%578% » Fo It R REH M BE » BN RMESEE (£6) o
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Fig. 2. Effect of different mix-planting pattern with resistant and susceptible carnation
cultivars on the disease development of Alternaria leaf spot in resistant cultivar in
the field in 1993. Disease development of Alternaria leaf spot of resistant cultivar
“Arine” in the plots planting “Arine” alone (Line 1, ), planting “Arine” separated
from “Scarlette” with equal area for cultivation(Line 2, ), planting “Arine” and
“Scarlette” as row by row pattern (Line 3, ), mix-planting “Arine” and “Scarlette”
as a plant by plant pattern (Line 4, ), and planting “Scarlette” alone(Line 5, ).

x5, REBPEREIBRIEHRZBCR REFER)

Table 5. Effect of fungicides on leaf spot disease of carnation caused by Alternaria dianthi
in greenhouse tests

Disease severity (%)

Fungicides Diluted conc.

£ A B
75% Chlorothalonil W.P. 1000X 14.7 b-¢* 18.7 e-h
700X 12.0 b-e 16.0 e-h
300X 5.3 b-e 9.3 gh
80% Metiran W.P. 1000X 14.7 b-e 21.3 efg
750X 5.3 b-e 21.3 efg

300X 6.7 b-e 8.0 h
50% Iprodione W.P. 2000X 38.6 a 37.3 abc
1500X 187 b 28.0 a-d
1000X 8.0 b-e 11.0 gh
24.9% Difenoconazole E.C. 1500X 1.0 cef 13.0 fgh

1000X 1.0 cef 6.0 h

500X 0.0 f 6.0 h
77.0% Cupric hydroxide W.P. 1000X 18.7 b 36.0 a-d
500X 18.7 b 24.0 def
200X 8.0 b-e 16.0 e-h
21.2% Imazalil E.C. 2000X 48.0 a 40.0 ab
1500X 17.3 bed 28.0 a-d
1000X 14.7 b-e 25.0 c-f
65% Zineb W.P. 1000X 18.7 b 34.7 a-d
500X 17.3 bc 27.0 b-e
200X 12.0 b-e 11.0 gh

None (CK) 40.0 a 410 a

* Plants were sprayed fungicides 48 hrs before inoculation of A. dianthi.

¥ Plants were sprayed fungicides 48 hrs after inoculation of A. dianthi.

* Data followed by the same letter in each column are not significantly different(p=0.05)according to
Duncan’s multiple test.
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Fig. 3. Disease development of Alternaria leaf spot on Triumgh doranja and Candy
klemaxi carnation cultivars after treatment with chlorothalonil and difenoconazol.

#®6. RERPFRBENBERIBATNE GEHRTEEE)

Table 8. Effect of the fungicide, Difenoconazole, on controlling Alternaria leaf sopt of
carnation (Cv. Alpine stapin and ngr Nibbio)at Kang-ping in Chya-yi city

Disease® Infected® Yield Unit price
Treatment Severity flowers

(%) (%) (Bundle',/0.lha) (NT/bundle)
____________________________________ Alpine stapin _____ .

None(Check) 66.5 78 3,885 23(15-55)

Difenoconazole 3.1 14 7,951 44(20-80)
e iiiiie...._...hgrNibbio

None(Check) 36.5 63 5,143 26(15-60)

Difenoconazole ‘1.2 9 8,409 50(20-75)

* Data were recorded at 6 weeks afteer fungicide treatmint.
Y A bundle contained 10 sprigs of flowers.
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Occurrence of Alternaria Leaf Spot on Various

Carnation Cultivars and Its Control

Kuei-Mei Wang, Chaur-Tseun Lo and Chisn-Chyn Tu

Summary

Alternaria leaf spot caused by Alternaria dianthi Stev. & Hall was the most serious air
-borne disease on carnation (Dianthus caryophllus L.) in Taiwan. Carnation plants infect-
ed by the pathogen were much more severe under field conditions than under rain-proof
structures. Cultivars of commercial carnation showed variable susceptibility to this disease
in the field. Cultivars with red-color-flower were more resistant than others. Of 50 cultivars
tested against the pathogen in the greenhouse, eight were recongnized as resistant ones.
However disease severity of resistant cultivar could be increased significantly when the
resistant and susceptible cultivars were planted as “row by row” or “plant by plant” pattern.
Spraying with 75% Chlorothalonil W.P. 400 X or 24.9% Difenoconazol E.C. 1000 X before or
immediately after disease occurrence was effective to control the disease in the fields and
consequently resulted in significant improvement of carnation quality.

Key words: Alternaria leaf spot, Carnation, Susceptibility, Control.

1. Contribution No. 1720 from Taiwan Agricultural Research Insitute.

2. Respectively, Assistant, Assistant agronomist, and Director, Department of Plant Pathology, TARI,
Wufeng, Taichung, Taiwan, ROC.
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EMC (%, d,b)

Drying Final Drying time
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(°C) 10 20 30 40 50 m. C. (Hr)

35 4.6 6.1 7.4 8.6 9.9 10 ~11 % 22.0

45 44 5.8 7.0 8.2 9.4 9.0~10 % 10.0

50 4.3 5.7 6.8 7.9 9.1 9.0~11 % 7.0

60 4.0 5.3 6.4 7.5 8.7 8.0~ 8.5% 5.5
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Study on the Thin-layer Drying Model for Rough Rice'
Chia-Chung Chen and Chih-Tsu Tsao?

Summary

The information of the thin-layer drying is very important to the simulation of drying
and aeration systems. In this study, the thin-layer drying tests were executed for rough rice
(Variety : Tainung No.67) in the temperatrue range of 35°C to 60°C at five relative humid-
ities (10 to 50%) .The accurate measurement of thin-layer drying data were taken by the
experimental device which modified from the precision humidity generators. The tempera-
ture and relative humidity of drying air were controlled by mixing of two air streams. One
was absolutely dried and the other was saturated with water vapor. The time controller was
adopted to control the weighing action of electronic balance at the temporal resting priod of
drying test. The signal of weighing device was transferred to the recorder then converted
into numerial values of moisture content for grains. The fitting-agreements of the observed
values with the four thin-layer equations were examined by the statistical regression tech-
nique. Correlation coefficience and residuals plot were used as criteria for evaluating the
fitting-agreement. The two-compartment model with two-term exponential function was
found to be the best model to fit the experimental data and was recommended as the thin
-layer model for rough rice. The four paramenters of this model were quantified as the
function of temperature and relative humidity of drying air.

Key words : Thin-layer, Drying, Model.
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BE . AYBSFIRLERHERERSEZ—  BENER (Thripidae) HEIRRE KL
#1 (Panchaetothripinae) 3%&H11/822% - SEZHHR SR  WIBHH - HREMY) -
AL PEERETEBURABPREIRE -

RAGREE : RIS - B - REMERA o

#ER FAMILY THRIPIDAE

R TESH VB OROG B3 ~ 4HIEE—RIREEHE (sense cone) ° EIVERE -
B SIEHR AT kA Y > R B IR BESE » RIEREEER o

EHABHSEHZRER

1, B R DAEERGRL v rreerernemreosrmsrniiisiiiie, WA E TRl Panchaetothripinae
2. BEETRS SREEISER DEFREL oo, #iE Rl Thripinae

B EIBERREl  Subfamily Panchaetothripinae

B g R R BRI » SRR R A o VR 2 B - ARASRETIR - B A
WA - M B (furca) W (spinula) ° FI@TEZEW » M EHME - EIREMER
BERTIRE (costa) WEAR— o HEMERIME1061EMT R o AERIREMAMRRE TR -

ERENAISEHEBRER

L EERE D 2 BRI 2 BRI AL IR ererereereesersereesemesssst sttt 9
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3. IR ISR METL  orerererererresssssesest ettt s 4
PR S BRI SMHEE v vevsrseseseresesssesstes et sttt s 5
4. WARTEMIE (costal seta) MEMHEE (fringe) ; MBI 3 — 7 EiFiREEERESHE 1 HEME (

ATEOLAE)  ++rereerererressiresterteteetet et e bt e aa e h e n et LRI E B Anisopilothrips
— BRI B REE | BEERIEEE «veeeeeeererreeresress e, SEHIRIER Elizothrips

L EMAEESERERTT  BTSRERIESE 1722 9% -
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—BIREZEER S ERTTE ; B 881 SESH  FIEEEETAE e
................................................................................................ RIEREM Copidothrips
6. RTBRTEIERTEMIBIRIEIE  oovereerrrrrerrrrrranienniteeenrr ettt esbabe e s aesessneesessnnnnnas 7
e Ub T GohlE i Bt C S AL - g = R PSSO UNN RN 8
780 T TSR BLIBRAGARIR +-veerersoerenmssscessssnnnesnnen SABHI B Phibalothrips
—Ff 8 B ; BSRTHIEAAAL R AR » TTRAR --vvveroe WHACHIE I Rhipiphorothrips
8. M ETHRETEE » HETURIE]  coorreerrerrrrrermsirntiinniitntets st cesiansr e s s ssae e e sssnenteesanaans 9
RTSANREEAR/IN o HEFITRIG A cevverveeeerenneerninmmesiiiimiiitiiinitiieietimr e ssaons 10
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—HREAHRBRMSZEIBE R » SHEARRTHE DA EEEATTESIE s
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10. BFEFZ FRERB AR (neck line) ; ALK 3 ~ 4 ETEE—RB% | FENEEEE » R
N MERES Heliothrips

— R R RIS ; EAE 3 ~ 4 8IE URBENE | MTATEEERREMIE oo
............................................................................................. AR E B Helionothrips

IS 2% 5 B Genus Anisopilothrips Stannard & Mitre

Anisopilothrips Stannard & Mitri, 1962 : 186. #=VE& : Heliothrips venustulus Priesner, 1923.

HE/TRIRERAEEZR N S AR - 1E2eH » AR RER - A T - 83 - 4giEE—
REBESE » MEPNE o UMK RIS » Hrhhsu B RSN » BRI | thigisiR rhoss
ZMH o MERTERIBENEE » RSB » IR F S IRRIME I o IS 2 SRmRES
AW B3 —TH ~ EIRESE 1 HERE o

AEUFR 1 - FHEGHIAIRE - AR - RILHER - Noathrips ~ Hoodothripoides
~ Hoodothrips ~ Tryphactothrips S84 M 2 ST REREE M SRS SER—
Tryphactothrips complex, 340 Wilson (1975) #%Z 43R EB—% (Tribe Tryphactothripini) o

IEfZR&IFE Anisopilothrips venustulus (Priesner) (1)
(BMud|h - BL4H5)

Heliothrips venustulus Priesner, 1923 : 89.
Astrothrips angulatus Hood, 1925 : 50.
Hercothvips venustulus (Priesner) Moulton, 1932 : 480,481.
Tryphactothrips angulatus (Hood) Medina Gaud, 1961 : 70.
Anisopilothrips venustulus (Priesner) Stannard & Mitri, 1962 : 187.
MBS HRERL1-3.3mm « BBE » Db - BRREAIRS 3 - 4 EESEaRE  BREAERE
B B3 — 7RIS BG RS 1 — 6 EiEE » B3 — 6 BISIKE - 27 -~ SIS o
N » TR BT AT ~ IRERE B « iR | DEREIEE PR e e A %
i | RERGRE - BE%E  RHEYEHEE .

BRERR > BHER - MIRRZ s » mER ARz - B RS ZEE » WIEH/N
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» IREEBHI/D ; DR TR S — AR - FMIZR TR A | /NSRER 2 6 - MR 7 & (37 8 EN{ER
6~ THIRE) » 53~ AGHE BB - 58 6 G H— B MR AR » WHE

RIMEL R » B ~ ek ARz » WHERR > 8T ~ BRRAAIERRREIE 3 3 | FigE
RrrRFEERA ; BHEH A RSETHE  RRE 8RS  NVERAR - i LIRE11-13%
» FIEE 6 — 7 3% » $13IT394) » RRIBEREE » BIR LHEHER - LIRMFRE - B8R
iR o &R EREREEA - BEN 1 8 o

JEEREE 1 IR - SEAEAIah] 5 58 2 SRR TR B PORERE RIBER - 58 2 BRI - 8%
FEEERRIOH » TR S AR ; %5 3 — 7 WIR R R]LSEEREZEREE - HI0EELEZ
/NEEERERR 5 5 8 EWHUEMEAL » RIS ; B 9 WIEWRIRINE » RIFEERIE 2 % | B108A
AT » FIRERE > hRERMH -

HERANEE o

B1. BRRAE Anisopilothrips venustulus (Priesner) (%) :A. B ;
B. AR ; C. RS 2 -4 34K ; D. fff8 , E. #li@ -

57 B - EHIERE - 3 -

EFHEY  EEETRRIEN (Machilus kusanoi) ~ ZW (Piper kadsura) ~ IUEH (
Ampelopsis sp.) ~ \UEE (Turpinia formosana) ~ ZW (Morus sp.) ~I1LE¥E (Schefflera
octophylla) ~ ¥EEIE (Plumeria rubera) ~ BHk (Alpinia speciosa) ~ 3EEH (Mallotus
philippensis) DIRFEER FIRES o Filsk 2 R K EHEMQEREBAT (Theobroma cacao) ~ ¥kighs
(Chlorophora tinctoria) ~ %5 (Ficus spp.) ~ iSZESBE (Acalypha godsefiana) ~ T (
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Eceterpe globosa) ~ Agaline lutchuensis °
ERGE 11 » B HER BT o
PHRAIEB Genus Astrothrips Karny

Astrothrips Karny.1921 : 215,239. #=Xf& . Heliothrips globiceps Karny, 1923.
BEIREEAREAIRGZEE - A3 ~ AHEE BB 5 - 6 EIHERERTHEEFE6 ~ 7
HiMSTER2RE o PHERPRIBHIA o FTEERGBIRIKERE - RTERIEEREE - IS 2 iR
R R » REHRERE -
ABHFILI0E » SR E MR BT EE R o

EETRABEEERERR
1. JEER5E 1 AR G SRR Z R ; B 10 AR RIE RIS - e ev e EbRARZRRIR A. aucubae
—HEEREE 1 RN | 10T ARBMIBRIGELIE o ovveveeeeenen CESERRBA. Chisinliaoensis

t EBEERAFE Astrothrips chisinliacensis Chen. (B 2)

Aatrothrips chisinliaoensis Chen, 1980 : 174, 175.
HAMEEERNL4nm - BB » HEE 3 — 7 iFRIGEEEC - BAS 1 -5 finaEsE4
~ 5 EIRIGEREE » 2856 ~ T EiRGIESE 7 HiRKmEIE o MR EE » MEGHRAIGERE ; PERE K
BIER ORI | RIRETRE » RETHMENRE » (SR - fid% 6 » st iuog ]
NRUARBE o BRURERE —BARRRRZ BT » ERIRHREE o

SEEREE AR (AT T BARRENE - HEEEEMAEASE 1 8 » MR IERESE BRI 2 » MIE/)
» BIRE A PERTRZGERE | /NRER 2 8 o A 7 & » 383~ AETE B — B » B5-THREMEE > £
BR—E o IEIRE o

B2. CERBEAE Astrothrips chisinlizoensis Chen (%) : A. BEfS2—T7H ;
B. &1~ %9 ; C. BEEREE 9 ~ 10%4R (B » 1980)
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AT IR AR R HRR AR » WIREZRE M » BIEH  PlERhRIETRER > %
2/ 3ZANRFEHE | el = AT » SAKERE/NER - BREZHETNERERSE —SH AR
£ o R EIERE10—12% » FIEE 9 —10% o

IEEREE 1 ~ 9 ~ 10 IRBEAE » 55 2 — 8 HIRF R B RAERT HIRE R ; 58 2 R/ A
BEEZWH ; F108ETEE » PREMATSE » FREBE—LERHREMZRIE -

TS o
N EEo -
¥ERTHEY ;- 7%l (Solanaceae) 1% ~ & (Vitis sp.) ~ K&W (Wendlandia formosana) ~
2 (Morus sp.) UR—&&ZHERE o
BARE 1 % (holotype) 3 ¢ (paratypes) » F#8f » B » [V-1978 o (BREMBIEZAREFERF)

BWEAZRAE Astrothrips aucubae Kurosawa ([E] 3 )

Astrothrips aucubae Kurosawa, 1932 : 230—234.
MBS RERAL.3mm - BEEE IS 3 — 7 6iRAISE B8 0 - MAEE 6 giRmEE 7
EIPAEE » HERSEIREE - MERES ; TREBE » [BREERREMN R | SR8 6  Rifin
BB & o FNAIRE » HEPREIRRSE A ZBECN » hRETHAVNEESE » WRRKE
TEREAREBARREGE » BEERMAS 147 ; WIRMRIRREZE N » SR 28N B
EEEM/MERR  (BYTERMETL ; RIS NER 28 - A TH > B3 - AHEE—RE
St 6 BB —TREHM 2 X HEMARN  B5— THREHEKTERE -8 BHE
ROMIRG ~ &AM REBREHR ; PR REBHA » 82 /3EREZAN ; BE=AE
RIS HARZIREE/INVER - INERFRIRISRZEH o R EREHIREX o Mgl Eanss
» BEERIEE » EIRE10% > TIRE 8K ©

3. WIWAERAE Astrothrips aucubae Kurosawa (%) : A. i ;
B. BB 1HIR . C. MAD. (8) ¥id@l;E. (3) MIE4 - 58K
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FEEREE 1 ~ 9 ~ 10 IRZERERR » 28 2 — 8 WIRMI IR R MRT A INE R ; 5 1 TIREER
BT B 1 HERT ; 8 2 HFRMAEHEZRIZE ; B10EEFR » BOSERN 2 54 » ITEHE
s R ZISE R » Wik k& E— SRR Z ERIE -

HEBRREE QTSR > B BEENLImm c BEEHE I —7HKE UBBE ;| 899K E
B RAAHEZ 2 BRI » R 1 BIR  BI0EIRPRBATSE » EAHE » BEHRIERRL
# o
oF BB HAR - JEERE o
BERTHEY  DRIEIBH (Awcuba japonica) ~ INEWAEL (Thalictrum minus) » JE o
BRBE: 1218 8T

Copidothrips Hood,1954 : 188. #&=X#& : Copidothrips formosus Hood

AR ERRIEIRAERTRARIE - fEA 88 » 53 ~ 4 HiEBE—RBM# o IR PRTSZ o Fif
BRI RIEE - B 2 HIRMAE MR » MEEE ; S108EETHE o

Bt HRA—E -

EBS|ERB Copidothrips formosus Hood (& 4)
(ERREHEH - R TEH4HE)

Copidothrips formosus Hood, 1954 : 190.
Mesostenothrips kraussi Stannard & Mitri, 1962 : 211.

c

B4, BEMRIBME Copidothrips formosus Hood (%) : A. SEEERTIEIR
B. BERE 9 ~ 10%1K ; C. #5A -
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MR 75887 1.0-1.2mm o BB G » B 3 — 7 S IRATRE R E o ALK 2 BiEa - 8
167~ %3 —5 B 6 (isbER1, /3% » 5 6 Bikim2, SRHB 7 ~ 8 HiEt - NidlEY - Bk
g o BE G 1~ REZRETRERFHEAGE -

HERE » B JEER Tz - BRI IS > BB/ - EIRERE 1 HAH > Ral
iR BEEAR > MTERARZER  NER2 8 o A8 H > B3 - 4HTEE RN - B 6 HiE
—RRE S ZE AR - EVH 5 BIEME o

RIMIE AR - IE RS » TAREARRERL - 2 ERVARI 2 35 - (UG 1 2 ~ ok 3 IR
R ; BMEREARSGTHE  ZARMGE —HAREBNEZESER  iENRRAIERPES
» REEAEME » EIRRIEI2X TIRIIX » PE5195 o Bl 2 i

JEERES 1 IR ; 58 2 EEEER PG R IEAR » TR L08R 5 28 3 — 8 WIRmMIE ML | 58
9 HIREAKRIE 3 ¥ > ARG ; BIOWRPRTEMA - BTHE - REZHIBQHRKEER -

HEEAANEE
a7 2l FEREE -

EXBE 1% TFERHEY > VII-1970 0 CEEBEARZEYE L. A. Mound %)

SHEEE Genus Elixothrips Stannard & Mitri

Elixothrips Stannard & Mitri, 1962 : 186,202. =\ : Tryphactothrips brevisetis Bagnall,
1919.
A8 553 ~ 4 RE B - HME - PRTIRPREEZHRA o FEANTERIERIEE
o JHERES 2 B ENER » WIRRMIAEEHIZE ; FI0EEETERE » BRERIEE/NERFEEHM o
ABHAR1E

45FIEIE Elixothrips brevisetis (Bagnall) . (B 5)
(BZ2A8H5H)

Tryphactothrips brevisetis Bagnall, 1919 : 257.
Tryphactothrip rutherforde (Bagnall) Moulton, 1936 : 263.
Asterothrips angulatus Hood; Takahashi, 1936 : 429.
Dinurothrips guamensis Moulton, 1942 : 7.
Elixothrips brevisetis (Bagnall) Stannard & Mitri, 1962 : 203.
MR RER]L0—1.2mm ° 3H ~ MERE | ENER  £3 - THERIGETESE - HAEL
~ 2EIEWE 0 B3 — S ETEE 55 6 ENETRYR 0 58 6 EiRIn3 4RSS 7 ~ S HIRE o RBEERRR
o HERRERE  FREREETHRRSE - iR REE ; PERE |, REREHEE > K
B ZHEiEG

BHERR » BHEME > BIREZE ; HEMARERSIR  NFR2E - MASH » 53 ~
4G R —REE 554 — 6 EIEETE - 55 6 BB — B SR A KT o

HIMFKISRERE R » HIRMAAEREN , PSP REERE | RleERPR=EAEEE  ZABR
U — ELAE F B/ NER R PR R BRSNS EZ RS o vk - WIRRIEHEI TS
» EIRESTXBEEA4X > TIRES —7X o HiEfi 1 &0

JEERES 1 AR ; 55 2 2R » IARMB MR ; 53 —7 %ﬂ‘}imtﬂﬂiﬁﬁ RS BT U
; 5B 8 WIRERGMME | 55 9 WIRGERIE 3% » it 1 %%E FBI0E AT ETE » WiRFR5E
2R > Rk 1 BIMIEAHAE » RIRES o
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B5. MERMIE Elixothrips brevisetis (Bagnall) (%) :A. 58% ; B. th~ SRS 1 94K ;
C. B 2-4%K ; D. BE#E 9 ~ 10%4K ; E. 8/ ; F. §if o

576 0 2 JEEE - KFERE -

BT  EREENREE (Morus sp.) ~ L% (Schefflera octophylla) ~ %88t (Ficus sp.)
Ak (Alpinia sp.) ~ BIEKR (Codiaeum variegatum) ~ G (Aleurites moluccana) Rt
ERG - AR CHIEHRIEY R EEEYRE (Cestrum pallidum) ~ B (Canna speciosa
) ~ ¥ (Movinda citrifolia) ~ ZEHTEBZ (Ipomoea alba)

EARE: 2% HE-BT.

HRAIERE Genus Dendrothripoides Bagnall

Dendrothripoides Bagnall, 1923 : 624, 625. #<\%& . Dendrothvipoides ipomeae Bagnall, 1923.
SRE RSB JRZRHY  CISfEAE BRI IEAR R b - NSRS 3 8 o ABA 8 8555 3 ~ 4 i B SR St o

MIEHREML /D § RS HR - RA 53 T o SRR AT o AR 5 2—9 IR TR IS AL R 81080 A4S 21 A8
BRI

BETE# RIS Dendrothripoides innoxius (Karny) ([ 6 )
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Euthrips innoxius Karny, 1914 : 359-360.
Dendrothripoides ipomoeae Bagnall 1923 : 624,625.
Tryphactothrins mediostignatus Karny, 1925 : 34-37.
Anaphothrips innoxius (Karny) Priesner, 1926 : 54-55
Tryphactothrips mundus Karny, 1926 : 190.
Dendrothripoides innoxius (Karny) Bhatti, 1978 : 10-12.
W23 B 22 8% 0.9-1.1mm © BH ~ AR HIKE - BIRTLE S IKEE = AR R/NERES »
MR ST B 1 IR RRAIEE - A1 ~ 3 ~ 58k - 552 #iFEsH - 55 4 tiRl4
RPN » 5B 6 BT PREERPER - £ 7 - S HiFER - MRECEN » BREEIARER
B  EERAE  PREGEHRSNEBR]L 4 BEE -
RARR » BAMEREN  BE/NmARRIZEE » HIRMEE/D  REBREN 1 HHUEgER
IETA ; OREEENTMBEREE - NER3E - BASH > 3 ~ 4 GHEIRREBYE -
FIMIRTRERE » WIKESCTEE » BB/ » EARGARE 1| THEZHE ; PlRZERSH
s BIZAEEETHEE  RimER/NEIRETSE - FdEER » S FFLIWRER » RUERHEERS
BHER » IREMUD - JWRTHE -
JEERES 2 — 8 WIRFI R B LM » 55 2 — 8 iR =L (median paired setae) RIAZRKRE »
DHRGE B 5 — 7T HPHERPETHE | £ 8 TIREME » HhHEBRERIHE ; F9 - 109K
BEEH 2 HPHEHKRIE | F108EELE » WIRDRZEHA o

B6. HETEHHRIRIE Dendrothripoides innoxius (Karny) ($) :A. B ;
B. Bile&iR ; C. S5 6 -84 ; D. 88/ ; E. §id@l o
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AFEMER R 1 IEEIREGELRS » EXFRREREEBRERSZER » BAREN
ERSRT ~ P~ BIIERREE 1 SRR E « R EERZSN » FESTREFUTERZE—
L BRI 1 EEIREG o 2. BR/NEREE » B 1 IEEIRE R ° 3. /NER ~ BIgHIR -
B 1EEREEEE -

BT IRER R ERMESRFEL » BETZE/N » B4Y0.76mm o 55 9 IEENI IR 815 — SRR BB 2 I £

; 58 3 — 7R RE/NIBRE (glandular area) o

N EE-HE-BEA-WE-ERER--Bf-

ERTEY « EEEERER (Ipomoea reptans) ~ BEL (Ipomoea cairvica) ~ BHBEFE (Pa-
chida macrocarpa) LRE > MALEHKZECTHEMAERE | W& (Lactuca  sativa) ~ HBE (
Nicotiana tabacum) s IpomoealB 2 %FENEY) ~ 1 (Clerodendrum rehmanni) ~ HH-£EL (
Carissa bispinosa) ~ % (Echinochloa crusgalli) ~%3% (Dioscorea sp.) °

RABRE 14218 » Bk~ BHCIL - BT

M : AEEREPITEESTE LIHREE - AIBAEREE LRTRE - BHESBEY » AT
ARG E - EERRCEE - B - EX LYSERRBEC LR  HEYH LR G
FESER RN  SRBFEHEREZEE -

HEREE Genus Heliothrips Haliday

Heliothrips Haliday, 1836 : 443. #=\f# . Heliothrvips Adonidum Haliday, 1836.

ZEERE > RIERD ; BRESEHEER - BASH » 553 - 4 6iFE —REH » BHCE -
RIS > PRTERPRASH o WiBRGEEE o B4 - [HI55 8 WIREEMERE » £109 PR
FTERMHA o

AREHHAIMEo

WIEKANH Heliothrips haemorrhoidalis (Bouchg&) (B 7)
(BzdH - Bz@EKNH)
¥4 : Greenhouse thrips ~ Glasshouse thrips

Thrips haemorrhoidalis Bouché, 1833 : 42.
Heliothrips adonidum Haliday, 1836 : 443.
Thrips adonidum (Haliday) ; Cook, 1874 : 501.
Heliothrips haemorrhoidalis (Bouché) ; Burmeister, 1838 : 412.
MR B RBERI1.2-1.5mm o \RBER | BEE - HITE 2 — S HINIRTERE 9 - 1085
& WO I - RG> HIRES - BaNERaRZEAE1 ~ 2~ 7 - SHIRER B3
— 5 HiIES 6 ENEEETRE R » 55 6 BTS2, /318 o BYSHM o MR G » TIRREE o

R R » BAERE » 2P RISFERMEE » BB  EEESKEZER - EIRESH
R ; OSERE » /NER2E - AEASHE - 553 ~ 4ETEBE— VB » FIGMERIHR B
KIFEE 6 ~ 7 EiMZ 2 f% » HEME o

HIEIRERR » AR » B EARE - MIBH ; PRS2 » A8 RIS
s TR/ NERE = AREUR » RIGESE » PERIIE T8 o AENRERIE » BLEEEE » LM
AN o Jif ~ R BRETETR EHEIE - A HERL - BET 1 & o

JREREE 1 HRSERAEMRL 5 58 2 — 8 WIRM AR B HEL » T REZRYE » thisfE AL
R B EIRBREMEBTREME . 59 - 10WREE 2 HERE » 4l 1 8185 | S106EEKRY
o iR RTERRA -
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HESBBERY > EEENRBE o HREAIUESFEL! > BB o B 9 8iEiRE 3 HFik
£ B 1 BB 8 3 — 7 GIERIRETR - KON

B7. SBIEARHIE Heliothrips haemorrhoidalis (Bouchd) (%) :A.HH ; B. # -~ BigEiKREEE
HEIER; C. EERES ~ 43R ; D. HEHE S -10%4R ; E. i  F. Al o

s KRy e
EFEY  FEEYES » EEEERAE (Aleurites moluccana) » TEA (Excoecaria cochin-
chinesis) » BEK (Codiaeum variegatum) » 51 (Sapium sebiferum) » B (Mallotus
japonicus) » %EEi (Sphaeropteris lepifera) » BEY (Tagetes eracta) » HEIE (Plumiera
rubera) » 2= (Prunus salicina) > B8 (Juniperus chinensis) » Bl (Acer serrulatum) » W
¥ (Cryptomeria japonica) » W& (Liquidambar formosana) » B2 (Ardisia sieboldii) » L%
(Styrax formosana) \WEEB (Turpinia formosana) » =B (Evodia lepta) » IUFERR (Helicia
formosana) » BR¥ (Ficus septica) » &8 (Morus. sp.) » \WU#%E (Ampelopsis brevipedun-
culata) » HHIBH (Acacia confusa) » RETF (Litsea sp.) » [BE (Nicotiana tabacum) » F (
Colocasia sp.) (Cordonia axillaris) LIR%S » WAMER LSRR AE BEAKR (Pinus sp.) » &
(Camellia sp.) » BF§E (Oxalis sp.) » HEEZSHEMEY)
EXRE  34% » EHEh BT o
fiEC © ATEAISIERE RESHRELE FEEYS - ARESES » ERNEERFHERTIS
REEH > FTEERZENSE o R~ YEAERFTEHERMUSEE » SIR8RTEN » FERME - 194
% Takahashi FCHEEEETHSERRNERTR » BERE > BMEEEERIKF A/
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BRI N o BNI{EE IR EAREY LIRE] - BB SR » ERIER ZHH - BEBHER
MBREP » ARAFHBERBEZRE o

iBiAIEE Genus Helionothrips Bagnall

Helionothrips Bagnall, 132 : 506. #3\%& . Heliothrips brunneipennis Bagnall, 1915.

BEVRBME > BAER c BHERR > BUAREEE ; /NER 26 - fBASH - 553 ~ 4 61E URRE S
o NifLLERRG R » TR - fiR& AR o FiBRE » MIBENTT » fiRBEEDRITERIE - i
ERE IR A AREH R o

2B 2 57492078 o
FEBNAIEERERERER

1. Hgg’}% 8 %*&f&%m%%g ; ﬂa%&g@% ..................................................................... 2
""Hﬁ%ﬁ% 8 ﬁfﬁfﬁﬁ m%ﬁﬁ“ﬁu;ﬁ ’ EP%&B’& ; ﬁaﬁg‘dﬂﬁggéﬁ ................................................... 3
SEAEL - 2 > 6ERE 53— 5 B ; BINERLERIRIZE ARG | MIIRESE | I
B O OVELRSES ; HEAEERSE 7 ~ S BUBTAIRES woveeveesemenssnsresensseans HIEMEBHIE H. errans
—Ffa%E | BV 5 2 — b BT R 6 BTAEH—PIE | BN IVERE RIS | NTIRE A
/J\ ; % gﬂiﬁﬁﬁﬁ/\/\ﬁ ; ﬁﬁﬂ%%i ................................................ Eﬂﬁﬁzjﬁim% H. annosus
3. %ﬁ% 1—5 gﬁﬁé : ﬁf]}]ﬁ]g@q:l ~ @m%fﬁ%ﬂﬂﬁﬁﬁlj\ﬂ ................................................ 4
—MIFEE 1 ~ 2 ETEAEME o I 3 — 5 OEREYE ; NS ~ MR AR B N veeeeeeee 5
4. mﬁﬂﬁgﬂ{gﬂ%7 ~ Sﬂﬁjﬁgﬁ-—.ﬁii ............................................. Eﬁg%ﬁ]ﬂﬁjl@]{ . amno
_Eﬁﬁﬂg%% 6~ 7~ 8 Hﬁ*ﬁ%ﬁ—ﬂ%i ................................................ Eﬁ %ﬁﬂ('ﬁ]}% H. mube
5. HEFIE 1 ~ 2 ENEEELLLSS 6 6IVE 5 RIMTFHCKERLZ ERPVE /NG § IETEREE O GRS S B wevvveren
.......................................................................................... EE%&%;% H. CGphdZiCuS
—HBFASE 1 ~ 2 BEREAENE 6 RIS ; MITPURNERIN B S (R NG ;ISR O BB
8 ﬁﬁ%‘;ﬁ .................................................................................................................. 6
6. IRMEVRES ; MM 1 ~ 2 GG » BT GBI orerrerrrreerennns WEMSHIE H. unitatus
—MREHEES AR L 2 OB EERE » HE 6 6 » 25 6 BRI EER . wvemeeerererereens 7
7. BTSN § RS 8 BB —REE wveveemreenerrrnnnnens SRR H. linderae
— TR PV /N HEREE T ~ 8 ISR — LSS wvvvvevrerennonee LBELHE H. communis

RESIBMAIE Helionothrips aino (Ishida) (B 8)

Heliothrips aino Ishida , 1931 : 34..
Helionothvips compressus Hood, 1954 : 192.
Helionothrips antennatus Kurosawa, 1968 : 15-46.
Helionothrips aino (Ishida) ; Jacot-Guillarmod, 1971 : 260.
MBI BRIR1.3-1.4mm o BERE - HIRE - BIRESIAE - MAE 1 - 2iedaRgae
WG 53— 5 BRI > 556 6B HE 2 BRI 57 iR 5 55 8 BT o N
R  HEIEREN » HEBREHE - fER > MREIMRG®RR ;| e EREee R B ER 1
/2-1/ 3%t HEHEG

SRR - HAMERN > BIREEE | ERESRES AT | EEENRTE - HRAREF L/
RER| o PEFAY 8 € 0 B8 3 ~ A EVESUREVESE > B4 M REBMEE » S 6 G B4 —6 il
E -
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R E AR AL » PR EARRAIRER » REATVEL | RS RBRTESEL R BR TR
WAZMEE - RERE » S EAREGR TEBNR | TR RRPTRA | #=A
B » NERE M o AERRTERIEEREE » F EAEME » IRBHUD » REEBER -

JEMRERE R 55 3 — 8 HEE AT REBLIR (scallop) » H1R 118 » T 3E ; B8 H
AR 3 EHREA TR - RMER » FFH » Rk ; BIOFRPRESHA -

SRR R EEM o EEREDE 7 - 8 EiRE/NEMIRE - 3 9 TiRE 2 55FiRE - 7T
77 1 BEHR - BILHIPEREOR - FIRB T A R0 MR 2R o

Bls. EEEKHIE Helionothrips aino (Ishida) ($) :A. T8% ; B. Rl ;
C. i ~ iR SERss 1 394K o D. %% 8 -10%94R ; E. 8 ; F. #id o

N EB S HA o

BERTHEY | BR (Poa annum)M=IEXE ( Trifolium sp.) ZI6E » BB (Actinidia arguta
) » FB9R8y (Avistolochia sp.) T (Musa sapientum) » ¥K (Cunninghamia sp.) » B (
Ipomoea reptans) * B (Prunus sp.) * KEF (Litsea sp.) » 3 (Colocasia sp.) » HEE o
BEXEBE: 1$  HRILigE » BBk VIII-1976; 1 % » HXBE » B9 » X-19850 (1.
Kudo #&¥F)

SIEHAMAEIE Helionothrips- annosus Wang ([8 9)

Helionothvips annosus Wang, 1993 : 3,4.
MAHERER]14A-1.6mm - BEBE > UF2 — 7T HEBEORE - BAS 1 6ik8E » £2—614
WA B 6 BRG]l 3KEE - B 7 ~ 8EIKBE o MIEEESHIERG » TR SN
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HEREMAEE » WIRER B o NilREN BB AERIR], /383K » ASETMG QBRI RES | PR
FRgh s AR - (BISETRIREE ; BAERG

HERE - FHMRMEAE R » BREZRE » FRETFT | FENREKNZTET » HRERPE
s /NEES o A 8 6 0 BB 3 ~ A VR SUIRRVERSE » 55 4 BRI - (L 6 BithAER > 24 —
6 BIEIAE ©

Hilfahg B & - SERET - WA » BIEM/D | PREEAREMENERA - RRAE | T
WIRREM=ABERN o iAHERE » IREMD » RIEEBER o

SRR ; 58 1 — 8 ERIEAR TR JUERNERR | 5 8 ~ 9 METRMIZRH | 5 8 WiIRERIGHE
SEHE BB 0 - 10MEEERB P ERARE R - 55 0 HEREE 2 HERIS » F10ERPREHEHA -

SRR AR R ER AR o BEEREHIR » 25 8 ~ 9 EIMBUTZEH o 55 9 iR 2 BIFARE - Bk
FRRRFY > FHRE T AR RIL0R/NEUERIR ERI 28 ©

‘e - . “3%)}}' 4
[
g9
i

9. FEISMBEIE Helionothrips annosus Wang (%) : A. SEBRIMER ;
B. BB 1 &K ; C. BEEE55 8 -10%4K ; D. fiA -

DI EB
BEFTHEY | 898 (Litsea sp.) .
FEAXHKE . 1% (holotype)l § (allotype) 5 ¥ (paratypes) » B » VI-1936¢ (Takahashiff4)

RIEMAILAIE Helionothrips cephalicus Hood ([10)
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Helionothrips cephalicus Hood, 1954 © 191

SR RERL.3-1.4mm o BIBEEE  WIREE > S 8 —108BHAKRK - MAEL ~ 2
BB » 58 3—5 R AR 6 B E » B OEIRPRE T ~ SHIKEE  fiEBEE » EEHE—
Wy » WINERG - MR EE  BETRREZERSMERE | RRERE - BEERRIRES
BRI o

ERAEEEEN  SEESTHESE » BEE/IML ; B > 8k Ryt » #B5eK > BN
WEFFL/NEEL o A 88 » 253 ~ A EIERBESE » 5 4 HiRBEHRE RIS 5 HiRN  Wi@Mm
B LIRRBRERIRERE » REEBER -

RIS EARR » ENER , PREEERERSEKR » RRAE | st i =A%
B /INERYL

MEERERER 28 2 — 8 AR RIEAI R /NERL ; EERTHE AR Rt » AR EEL
TEREAREEY ; 28 8 BIREBRMAERS » PARERBEMERRZRN ; F I HEER - KRHIL0
HREZ 24, BI0ERPRTEHA -

in

4
W

i
UAX

il

I
! .

4[(({ A\U].yfygffc','\«,‘”‘)‘:))')f\) i
L

v
)

B10. REMBGHE Helionothrips cephalicus Hood (%) :© A. Y ;
B. miffdi ; C. BHEE 154K ; D. IR 8 -10%4% ; E. M8fa | F. #ifl o
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Tt SR ST B (o B SR AE 0L > BAU0.9mm o JHERSE 8 B RIEMERE » A S&EL 2 589
MERA 2 $FRE » RATERITHES] > /i 1 BEE » [RILEERESE » HT 756 5 EFERamZE -
N EE
EFHEY - 1TF (Rhapis sp.) » HE¥ o
BRBE 5310 FEit - ELBFE-

EBIBAYBIE Helionothrips communis Wang (E11)

Helionothrips communis Wang, 1993 : 4-6.

MABE-RIEE] 6mm o BERT  DEIE 2 — 7 HiEARE - HIREE - BIREHERE - A
w1~ 28iEBE B3 — 5 HRHEE - 56 HiRE0 - 5 8 ik o RIHEIBHNERG » EX
WEFE » HEBREE » ARBE - fiREEE - fiREHE ; PR R REERE » BEmT
1/4% 8 ; HEEG - RIEREE -

EHERE » WAREEN - BIREEE » J8HPT | AR » HiiEOrT  H#Eserhs
FE/NEEG  NERBR 2 T o FEA S H - BE 3 ~ AETEUIRRESE > BB A G REMRR > FEE 6 6
L > B4 — 6 HiIEWE -

MRS E R R » SERER » HREF » DR AZHERAE/IML  BIE2E ; TleiREgi=FA
B R0 B /IMC R E ME » LIRRIEELS 6 il 2 2> THRE 5 — 9 X RIGHEE AR

EB11. IEEMEERE Helionothrips communis Wang (%) : A. SEHEEFTIER ;
B. BIHEE 14K 5 C. BEEREE 8 -10%#K ; D. ffy ; E. 7 -
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MEERE MR 5 58 3 — 8 BRTRARF RILER U ETH - REMEEINAE /MY ; 5 8 TIRIBEME D
Rk ;59 EETRER 2 BHERIE ; F10ERPRTZ2HA -

Tt A BRI SR TEAR B BR A o BEEREHIR » 55 O 9IRAE 2 WHFIRE » HERFIY » FIRETHEH
PN BER EREZR o
S BE-HEo
BHHEY - T (Colocasia sp.) »&# (Musca sp.) > #iF (Solanum melongena) » Bk (
Alpinia sp.) » ¥R (Ipomoea reptans) » #:B% (Rhododendron sp.)
TEXKRE: 1% (holotype) » s ¥ [11-1993 ;122 3 5 (paratypes) » B2« HE -~ M
i~ R ~ EFHEAS o

HTEMMMAIE Helionothrips errans (Williams) (B12)

Heliothrips errans Williams, 1916 : 243.
Hercinothrips errans (Williams) ; Priesner, 1935 : 351.
Helionothrips errans (Williams) ; Priesner, 1936 : 208.
AR ERERLI-14mm - BEEG - BEEANMEERNSHE - BAS 1 HinEt ) B2686
VB3 — S HIEE SO IR > 557 SHIKBE o AMTEENEGE » HRIE—RAN » RS
8 ARER B o AR » PR BRET AT BRI » IR IRETEIAAS » R | R REE
TR IRETEERRAS » BRI E  RIHENRE o

SRR » WHMERN ; HEATBRERTT » RASHEN - A se» 54 fifiz B — R ot
HYREEHER -

NIRI IR EARERL » P REEATREEREKR » REAF | BI=AEEE S 22005 - /INER
MRl Bk AAEZEH » RIBR - ATAREMRE » BREBBEIR -

®12. RIERIRATE Helionothrips errans (Williams) ($) : A. A ;
B. ®/NEHR 5 C. BIEREE 8 -10%14% ; D. B8 ; E. §ilg o
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FEERES 1 FARATRBEACAR R TTEHEE » K52 E1/3; 5 3 — 8 GiEnRfiks R EHLR » the 118 »
I 3 fE 5 28 8 EiiRfl 3 (HHLEE S TIARE » TR RETE ; 55 8 Bk EHR=XUREHERK »
RITBEE » ErPETH— I BERE  F10E P RBRESR -

MESBR O ARERRERIAE o BEERES 9 iR 2 BFIRE » HEFIRDBAE 8 — 108/ g
;BT ~ SEIREEBIRE -

S BEE-HEA-BR-EE-FER-o

BFTHEY - MEWIE (Laelia anceps) » HFW (Cypripedium sp.) > BEFEE (Cattleya
bertheuana, C. labiata) > AR (Dendrobium nobile) » BB (Prunus sp.) » &E (Laur-
aceae) > WMk (Coffea arabica) > B% (Callistephus chinensis) > EZEERMBEA (
Perrottetia arisanensis) » BIEFARETF (Neolitsea variabillima) FIR1G o

BXHKE : 10 > Burmingham, England, BifE » V-1926  (FEEEABHEEYME L. A. Mound
BA)

MiiC : AFELAEREEE 1 #HTakahashi EERELRBCAENE  BRESEEEES H
aino ° IRIRFCMABER ENRIEZ W LB 4ELE » ERFHCHRBEMRS > HRLE  Takahashi
ZECERSL » EBRARERIE LIRS HEZEA o

IEHBACATE Helionothrips linderae Kudo ([E13)
Helionothrips linderae Kudo, 1992 : 279-281.

4
TSNS

Q‘»!:“"b
S

®

{}
s ils
s “4’;’

| ' ' ------------------------------- i““?‘.&‘ﬁ“

me
D SR
0

B13. SYEMBHIR Helionothrips linderae Kudo : A. (%) TEEEARTHILR ;
B. (%) ff;C. (%) Wi#@;D. (%) BEEHE 1K E. ($) IS 554K
F. (8) B#R5E9-1091K ; G. () BB 8 itk o (Kudo » 1992) .
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MRS SR 1.5-1.6mm o BEERE - HIRE - A1 ~ 2EHHRERE > B3 — 5 HYEG
556 B FhE 2 BREYE » 55 7 ER(E » 58 8 EiIRIR o WIAEIREE T  EMA AN - H
BB E - NIRE  ACETRGRE PR ERETRE  RENEHR1L2-1/3%E > MEfiEd -

HERE » WHMERK - BRERE ; FEEE > NEEERITHER » HaTgghRay
FHEE - HRBEBAE —EROER - BENTARNRS A - Bk ARRREY » BRAEFS
INERZ o MBS S BT 0 BB 3 ~ A BT UIRRESE - B4 ETCRREHERE S 6IRRE 0 B4 — 6 giEM
%o

RIS R EAGRE » hREEEREASEEK - BRRAT SR PR EBPEIHRE  BE
NG 5 Bl = AR o MERUR/INGL o ANERREREEL o RTERTERRIEENEE » B EEME » LIk
RIE 8 — 9% » THRMIE 6 — 8 X » IFMBEIR -

JEERE IR HEAL 5 28 3 — 8 BHEEATARARAREIHGIR » Pk 118 » Ml 31& ; 55 8 Hikmafl 3 fEHt
FRESTHE » BEMER > WHE » PRER  BIOERPRTEHA -

Jife sk SR R AR BB EAAE I o BEER RS 8 IR —/ NEIRE - FEIWIRA 2HFRE 715 1
HEHR » BOLFEREE » FRETHER 6 A/ N UFETME -
o B~ HA o
BETiEY - 8988 (Lindera sp.), Parabenzoin praecox.
BABRE: 2%2 0 BAEWTFE » VI-1936 o (Takahashi #R£8)

7 BiB5rEiE Helionothrips mube Kudo ([&]14)

Helionothrips mube Kudo, 1992 : 275-279.
M RER14-1.7mm - BEES - HIRE - AK 1 -5 &iFE 56 ~ 7THRE > F8HIK
ot o BNAEIEBE » REIAREN » HEREBE » RInHEHEME - g% - niREm Ak
B PR R BRETIEE - IREIRERL2-1, /3% » BETEE o

HRERR » BAMEREN > BIREZEE ; AR  WREHRIHNER - HiTR& P RER A
BhE » HAMBERTHE—FEOBEE . BERT AR S AT » BEUR A RNRT - BAETF S/
Zlo A8 H» B3 ~ 4 EHEGRERES > B4 BIBBHEER » M2 6 HiFil - 54— 6 GiIEM
Eo

RINTEREARRL » W RELEAWEMEBEEK » REAE ; PHIERPREPRRA  l=A
AR - NERE AL o RTERTHERIEEREE » B EAEME - IREM/D » BBEEER -

MEEREARAE ML 5 55 3 — 8 SRR NI IIR AR E BRI 1 {H » I 318 5 55 8 WiRRI{ 3 [EHtia
B » BREMBR » WEH » PRE FLIOERPRTEHR

TR SR MEERTEAR B BREEAE © FHEREE 6 ~ 7 ~ SR BH/INEFIRE - 55 9 WikA 2 BFRE »
HT75 1 HESHER - (R REEESE » FHRE T A R10R/INY BRI 2E o
b2 KRN 2 A = N
BFEY - B H (Stauntonia hexaphylla) » ¥ o
BARE: 10> BB HEE > VI-1992 0
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B4, GHMEHIE Helionothrips mube Kudo : A. (%) BHEERWIEH ; B. (%) @A ;C. (3)
IEERES 8 -10%#K ; D. (8) MM 6 -8 ik o (Kudo » 1992)

$BEE{AMAIE Helionothrips unitatus Chen

Helionothrips unitatus Chen, 1981 : 121.
MR ERER]4-1.6mm o BEHG - EINEH > BIRERIIER - EAKL1 -~ 2 - 6 fikEE
B3—5EiREE BT ~ 8HIKBE - AR RESIHE G - HEIRGAEN » HEATnEE - d
IR o FIRYAEE | P -~ RERMRRERE  ERERRKS - HERE - MERRE -
HEBER ~ BAMERN > BREZRE » FHOFT | HERPEE » ERRENTT » EREshs
& /NBER L NVESR 2B - IRA B ET - B3 ~ S HIERBRYE  FA4HZIBEHEREE  MEF 6
ik » 54 — 6 BIEME o
RIMARS R » ERER » ERERE > PRAZHENEAML  RIEE ; TlawiREsgin=>,A
EHEHER » RE/IMY o WA EMTE » LIRRIEER 6 XM 2% » TIRE6—8 (LHET) X
BBBERR -
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IEERE IR MR 5 58 3—8 BTk P RIER UFERE | 8 2 — 7T IR MRS /I, FE8H
RGBT ; 8 9 Wik BAE 2 BHERIE ; FI0ERFRTZHA -

KRR BUER (1981) #5d » HEAMERE  (EERREHBEHERATA -
DR BEE o
EREY © RS (Abrus precatorius) EE¥EE (Oxalis sp.) .
BRSE : 4% 0 Bt FEFER - FRiS®E > 1921,1932,1935 (Takahashi #R52) ; 6 $ » H#EH: » &g
K> 1-1991 ¢
MEc ¢ AEEEACHEE » THRTH » AXREBEXRES HOREZAEREF T o AEMS
8 H. communis FRIEZEM » WTLAL) communis ZFBAE 2 BIEATLILES 6 €k » unitatus ZfBAE
2 HBAEREREE 6 BRI » (2) communis EIRGER » unitatus HWIRZEH > MFUES - KERBEH
» A28 H. communis ZEW o

BEHEAIEE Genus Monilothrips Moulton

Monilothrips Moulton,1929 : 93. #&=\f& . Monilothrips kempi Moulton, 1929.

ST ; BERTRAETE » IR WEREM - A Hi » 53 ~ 48E URRESHE > 54—
6 BT © RIMITIRET - BI&AE 1 XRE | P BIEIRERL - ii8E - TIREYS %8 -1
HIRE R o

FBHRA 1M

WEESRE Monilothrips kempi Moulton (Bl15)

Monilothrips kempi Moulton, 1929 : 94.
Monilothrips montanus Jacot-Guillarmod, 1942 : 64.
MR R HER].6mm o BB > 552 — 8 WA RIRBRE o« AS 1 - 281%E » F 36
PGB EE > 4 - 5 BiETAM  RIFBE > 56 — 8 il - NMiBkia » LI%Eea
» BNRGAEE » BRIE VIR G » RETREERsa s i o

SRESRRI AT T » BREEIRAT S 2 BHRE » BT SHRE » RENHS » HIRTH 1 TRBEH 2GS
s R » BRI » WERNNPHES 28 ; DeHEHE > NER 26 - lBASH » 53 - 4 HIRE
HEXR 0 B4 — 6 HIEME o

NSRRI » Wil AEAS 1 XANERCES » SEBEE 82 » M8 &E
B 3HHIE » RBALES 1 XRIEHBZRE » HRAhR 3 HE » LBRN 1 $8E | heSRG
BRRL ; BRM/NERR AT  NidRTERIEREPEE > L TIRER » S22 - BE > B2
o

JEERES 1 BRI R — KT Z BT » 58 2 — 8 WIRMERNT S | 55 2 — 8 IiRie s
3 HRIE - FEPREE—E/INAE » SIS BRE ; SB108HE/N » TRPREEHE o

It ER RS ST fDUES > (EBEHI/DN © 55 0 8115 2 BFIRE » 1 BifEho > 1 Sl ; B o
5 B o FIEE - BRI Mk EH o
BETHEY - REEREHEMIER L » SIEBERE (Blechum australe ~ B. punctulatun) -~ ¥
Yt (Mohria caffrorum) ~ S3FM (Adiantum aethiopicum) ~ T8 (Hypolepis spar-
sisora)  {EBEMET/MNEER (Araiostegia perdurans) Figs o
BERE: 1% B ZEIMWN - 1067 CERERRSEME L. A. Mound #&4)
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B15. WEEBAE Monilothrips kempi Moulton ($) : A, T
B. HilgHR ; C. BIEF&S 1 %4R ; D. %@ ; E. @A -

R AEE Genus Phibalothrips Hood

Phibalothrips Hood, 1918 : 125. 1#3\#& . Phibalothrips exilis Hood, 1918.

RRBRR o BUERT » BAREIGRER - A TH > 53 ~ 465 E 8% EME > 57
BIREHR o MESMABER T » MEERE - fEEEHE - FEKE » MEERNEREE o i
ERPREE o

FRFIL3HE o
ERRREAISESERERER
1 WTBEEERIRED » HBRIEEE  corveerrrermrreomrenininsnisisscssnessnenennens TSR P. peringueyi
—RIBZERIREE worveeerrsreeresremminmniennnniinte st csseesse s seestaasteeneeeneennes B ERBIKAIE P. basis

IREGRE%AE Phibalothrips basis Chen (E16)

Phibalothrips basis Chen, 1981 : 123.
B8 RR1.3-1.5mm o AR E | - WEA  BEIREd o FRAE1—5E%EE 67
HitRE - RiEEE - B o
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R AEAHSTIR AT » SEERE - BiBE/) » BIREZRE > HE » RIEEIR - REETHE
REERHRIR ; CISEEY » SERIRTMER ok > /NESR 2 6 o ABA 7 6 0 58 3 ~ 4 EINIRILR B —RSRSE
s JEIRE 0 B 5 ~ 6 EIFHE - REMIRSR o

R ZE Y » ST REETHARE » MM | EREET AR | BT R=ARNEE - R
IER/NEIRZ R o WBHRTFT » RS > AiEEETE RIS o #E 18-

EERES 1 ~ 10 IRZE KRR 2 — 9 FARMSFH AL » FREHVIIE | 58 1 WIRPBBAR
IR > HHESHE 8 2 — S (iR | 5 9 8 2 XERBESEREARE » S 1 BHREEMH
FEEEE108 ; FMI0EIRPRTEHEH o

HESA RS ST RULES » BB/ » RAY1.27mm o 88 3 — 7 EIRFERTRE RRIRE -

B16. REEMBWRREE Phibalothrips basis Chen : A. (%) HHEATMLEIR ;
B. (%) -~ BMEiRg/NER ; C. ($) BEEES ~ 63K D. (8) W
H3-5%iK o (BE»1981)
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S B
EFEY . HE.
BEBRE: 1% (holotype) - ZEb » B » VII-1978 (BRERSIEA)

ZEBRREKAE Phibalothrips peringuey (Faure) ([E17)
(REemaf —eumB88085)

Reticulothvips peringueyi Faure, 1925 : 145.
Phibalothrips peringueyi (Faure) ;Kudo, 1973 : 467.
M2 S RIBR1.25mm o ORI | WFEEE > IR G - BAS 1 — 5 g% 6~ 7HIR
@ o NPAEIRSESHE G » HEREN o B ~ hRRRETRG » HEERG  BEEE

SEREEKNEE - RAW » SEELRER S RIS/ » BEIREZEE » E5E » RIPHEIR ;
TR RS ; DSEETS » SRR IR » NER 2 o BB T 3 S 4 BN IA=
B —JR5EHE > 255 - 6 EiMEE » RETHESHR o

RIRRIERZR B ERAR » MERCERSE » WIRRAIE 8 BH9MU | ik i Eb i aRg 22 » chanT
Bith 25078 - WARERIAB 4000 ; BRI HR = AR » R R INVEIR T o AR E - R
5o AIRIEBTFFIT » BIRMERIE > AiEEEERRE » BEEERR o B 1 ffi o

FEERES 1 ~ 108 IRBI RS 2 — 9 S804 » ¥BrE HiE » RS HBRIR ; 55 8 iR
IR 58 0 ENREDEMRL > 2 RERBERERGARE » S 1 BHEE TR 106 | B10%1K
HRILSE R o

ARG TR DU, » (BB o BEERES 3 — 7 AR SRR A BE BT B A 2 JBLE o

@17, —GBBBHE Phibalothrips peringueyi (Faure) () :A. Y,
B. Bilg®iR ; C. BERES 5 4K o
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45 B~ EIEE - FARRISVEEE - M o
BERTHES | REE o
ExHpE 19 Mk B VII-1974 CEREARSEEYE L. A. Mound 7%)

BEAYEIEE Genus Rhipiphorothrips Morgan

Rhipiphorothrips Morgan, 1913 : 17. #3\#& : Rhipiphorothrips pulchellus Morgan, 1913.
B TR o fEF 8 & » REHIRAIR - RIEFERE - ATEIREM/) - AikEES
WAIE o HESEEE 9 Bl H B —HRIREMZHIE -

EEBNAEERERER
LABFE S ~ AGUBRERMEES IR crevereereeresssssensnenmssiiisnsiesenssenanns EWBEIER. africanus
B v A TR BT e e ereesee ettt e )
2. MERRTE ~ MEEESBEE  HANSE 4 imASE—EfiRseE - BE#RE R. cruentatus
— S SEAERE  ERISDMIRE » N EAREMREIRES | HEEEEIGEY e

................................................................................................ THERIE R. pulchellus
JEMNEESIEIE Rhipiphorothrips africanus Wilson ([E18)

Rhipiphorothrips africanus Wilson, 1975 : 220-222.
WS R B 41 S o BEVERRE o RS 1 - 6 HiEE TR > BB 6 ETRIRRIBE - BT -~ 8HIRE o Hl
BEIE G » WIRHRE » HEEYW - RB6 » RERREEMERS -

A
2105 3 ‘

> o

-
j=)
o
2 . SQOo. Qco\&

@18, FEWEEIAIE Rhipiphorothrips africanus Wilson (£) : A. SAERFNIWEK ;
B. A% 2-84; C. B 9-10%4k - (B » 1981)
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SETHMFIRTZEH » A A MZRZ RN » BB/ » IHE it E | BESE E A 2 R
» AR ; ANERER 2617 o BEAI S Hi > 53 ~ 4 ETESURRESE » BERATIR o

NIRIE » EHAEERA > MUBERE ; PIONTERRIATRT e R EA A » HIT s 2 4
5 BREARERENENER o MRS EREREE » BEEEE » BIEFHE » IREAUN o

FEERES 1 EARE MR 5 58 2 - 7 IRFESF RIS BARE » R4 » B AIIEAS 2 th o 43 R = 4R
AL HHBIERR B 7 - 8 WIREBRE—HIRIE » RISNEH | B10618EE — BRI E > Rl
F o

TESTEE -
o6 B R EER o
R | B BE (Sapium sebiferum) ; JEW : Brachystegia filiformis o
EXgE Ko

[859%1% Rhipiphorothrips cruentatus Hood ([E]19)
(Rt B)
¥4 : Grape vine thrips

Rhipiphorothrips cruentatus Hood, 1919 : 94.
Rhipiphorothrips karna Ramakrishna, 1928 : 245,252.
MR RIER1.2-1.5m - PR AR AERSE ~ /NER - 58 65K bk 1/3
BER 8 -108MEACIREE - MAN 1 Hie%E » 5 2 (i tamREEa B3-56RE 6 HIEEERE G - 55
6 ENRIREE 7 ~ 8 EIRIEE - RIESHRERG » WENEBE » BEEE A& BRI € »
ERER TR o B > BENE o

RERAERENZTFREBNAT » HEAZEEE BN » fERREERE - BhAMHEEZR
MR - W » REARZAT ; S » RIS » HAEEI RS R INERER 2 BT o 1B
A8 583~ AETRE—RBY » FME  REHESHR o

NIMERR » B AR » RNRESAE - EVEEE e R A8 R (U TR iy 28 HE TS R BE R
R FRETHTRHS | 2= AR EEE » REERNEHR R - BN & ERE R BT
BREBEHE - BIRTIEE » IREHMD o

BB R RE e 8 B » th o B MR » B 5 2- 8 HEIRAT & R — ek
EIBT  SEWIRREHRA—HERFE ; 55 9 0155 E —BRISEM 2 RIE | B0 PRz
R > BRI — BRI EMZHIE o

I BB R » B~ 5 - B~ BESAE BRI LA R AT B B e
wWE o WA B EESN  HNSEREReEIas o igsn NRHEF © 55 4 EETRIEIF
HEE—(E/NESHRZEIE - BB RSP | 53 - 8 R Es —EERE -
576 B WTEEE
BFEY  EESERWE (Vitis vinifera) ~ BB (Syzygium samarangense) ~ ¥ (Rosa
rugosa) ~ % (Bischfia javanica) ~ BF1 (Sapium  sebiferum) ~ REW (Eucalyptus
robusta) ~BH-R -~ BEW (Psidium guajava) ~ Bt (Hedychium coronarium) ~ =R (
Mangifera indica) ~ BEEE RIS » HR - H G TR 2 R IETEN (Syzygium jambas) -~
FARM (Calotrpis) ~B-B (Terminalia catappa) -~ BER (Anacardium occidentale) ~
LA (Punica granatum) ~ WAEEF (Areca pabm) ~ Careva avborea ~ Odina odiar -
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B19. FE$EIE Rhipiphorothrips cruentatus Hood (%) : A. REIRIIEIR ;
B. BEREE 3 -5 %MK ; C. BHEEE 9 ~ 104k ; D. fi@A o

BARE 1 429220 > BB > B0~ LB HEE - BT % -

M : FEAREENRELBRERQEES - DU - B0 - 8 - UNERRES LoE
R ERAE - WERERACUELROHEN - BENRESGH - ER—BH FEEREE 5%
BREZEY - MBSERE - MARSBSEEY  RERBREEEIRZRN < R - $80ThEH
T > B IEPRE—RTE - HEEE Lo8 CRSER—tRIGEATH -

PR ZA]FE Rhipiphorothrips pulchellus Morgan
(Re#kuHH)

Rhipiphorothrips pulchellus Morgan, 1913 : 17.
Retithrips bicolor Bagnall, 1913 : 290.
MK REERK1.5-1.7m - SHESRFFERE  FHE ~ T - 2RAREEAERSHES  §igy
MKRBERERE ; REEAELSZES ~ DER - BEES%E - BAS 1 6iR% - B2 656
BRI » S5 3 -5 HIIRAE 6 BRI (1 0 5 6 WIRERAS 7 S HIRIEM o ISR HEER
VR » AR RAIRRE S » HEAEH - BEE&%E o

SHEEHEEPRRINE ST - WERMEERE » HEMN el 2ENY » RSEE - WEHTS
BRI ; RN » H ALy ; SR 26 - i 8 i »
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B3~ AETIRE—REHE T » KREHIREHIR o
NIME SR » ARG - T REAESOIEE » SRR MIE ; iRt &R AT 28 IR
BRRA » BRI HART2MS BRI ARSI » RIEEENERR R o §iEN S ERSREE
s BRBABEE » BIRTHEE » IRBHMD o
HEER AR R AT JRAS 2 S > TRV E RSV HEAL » P B ; 58 2 - 8 WiIRAT s —E
e BB 7 - S EINEATRE 1 BERME ; B0 RERZ M RS — SR EM T RIS
ISR T DU - BRI AT S HERR A0 - (B35 4 HETRISS MAIRZEIE | 55 9 B — 2T
» USRS Z SIERTIHARE ; 585 3 - 7 eI EE » SRHEHAIERK o
S B JERE S R S WTEM R o
BERTHEY - EEEENHL (Bischofia javanica) ~ 7% (Camellia sinensis) B > #R FHEE
WIS EFTRHE RIAIE (Ficus bengalensis) ~ %% (Vitis vinifera) ~ KEHEL (
Antidesma bunias) ~ RS (Lasianthus sp.) o
BARE: 6 %8BT #HigEo

RIERIEE Genus Selenothrips Karny

Selenothrips Karny, 1911 : 179,180.4%=\%& : Physopus rubrocincta Giard, 1913.

SHEA R » TUIRNEARAEIR ; NRBR 2 8 - ABA S 6T > 55 3 ~ 4 67 SURRVESE - RIIRE »
MIERE ; THERTAR  BEIRESARE - MEITERIE S » IRBY55% » ¥ FEME o
EERMR AR » 58 8 WIRHKEBRE » BBI0FHR TS o

FEHAHR 28 -

FRHRIK  Selenothrips rubrocinctus (Giard) ([E20)
(P @B T/ B FRSEHF)
¥ % : Cacao thrips, Red-banded thrips.

Physopus rubrocinctus Giard, 1901 : 264.
Heliothrips rubrocinctus (Giard) : Franklin, 1908 : 719.
Selenothrips rubrocinctus (Giard) : Karny, 1911 : 179.
Selenothrips mendax Schmutz, 1913 ; 994.
Brachyurothvips indicus Bagnall, 1926 : 98.
Selenothrips indicus (Bagnall) ; Bagnall, 1929 : 71.
MBE A RIER11-1.6m o BEERBE » EEREACKEIE » NS 1-8 BRI AR B o 18
AL 28R > 553 4 HIRTIRS IR » hi1/38%EE - 85 EiEEREEIRE » K
BE 6 BB » 557 - S HIA IR o REEE s WIRERBE - BEE PR IR b B Bt T e £ o
HERE » WHEEERZ AN EMR » SEEEERRSHER » BIREZeE » HIRMEMPERE
RS - AR B EEE » JRARRHE | SRR ARSEE » HEN LTI NG 2 8 o R 8 Hi» 553
4 EIRSGRER B SE » MR - EMIEEK o
NIMBERIRR 2 5 - BIRE HERER > MBS AL — S B E PSR E R SE ;
ER=ABRIEZAR » KFIER/NERNS » SARSDRE—SEE - RIAREATHE - JigE
WIE RABE » AIREEE - PFBSSM5%SE » BEEBEHR o B F N BET 1 & o
JEERES 1 FARMERT AR R B § 28 2 - 8 IR EMBEL ; 5 4-8 HihEEME 6
X > JULISE 8 Hit B BT » =Xk ;58 HIRBREEIT R ; BIOERER »
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PRAFEH o :
SR ET RIS - BB/ o 55 9 IR 3 P RE - MiE—BIBA » HR—HB/ ; 53
- 8 AR SH —/DEUIRE o

@20. SFRWHEG Selenothrips rubrocinctus (Giard) ($) : A. FEEFIMSH
B. f&f5 ; C. Wi »

C

A B PEKEE - JERE - KEWHE  AE - FTENF - FEEUERE - S~ 25 - i

WEER -

ZrEY  AEMAESERY - EEBERBIELR (Codizeunm variegatum) ~ BE (Li-

quidambar formosana) ~ & (Vitis sp.) ~WARTF (Cordia dichofoma) ~ KT (Alnus

japonica) ~ REIE (Styrax formosana) ~ \WUEE (Turponia formosana) ~ \LEE (

Ampelopsis brevipedunculata) ~ 1B (Acacia confusa) ~RIER (Bixa orellana) ~ T=H
(Mangifera indica) ~ BER (Iris formosana) ~ Ik (Platycladus orientalis) ~ FEH-BE
(Rhododendron simsii) ~ BIZEMMA (Homalanthus fastuosus) ~ FatBHk (Eugenia uniflora

) ~HMER (Alnus sp.) ~&k&w (Wendlandia sp.) ~ #:3& (Elacocarpus ellipticus) ~#fi (

Diospyros kaki) ~3F (Castanea) ~#BHHR (Glochidion fotuni) ~ &Rk (Eugenia sp.)

& (Camellia  sinensis) ~ $E FR1S » HEMHR G D82 EH 9055 7 7T (Theobroma

cacao) o

BARE 222 E - AB-BIL~2ET o

BEc - AEATR AR E MR « RSEYZ %R » RS EAAEA L3415 » {HEEE
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Thysanoptera of Taiwan (2)!

Chin-Ling Wang®

Summary

This is one of the series papers to describe the thrips of Taiwan. Eleven genera and 22
species of subfamily Panchaetothripinae are redescribed, which contains morphological
characteristics, plants where it collected and world distribution. Keys to identify these
genera and the species of the same genus are given.

Key words : Thysanoptera, Taiwan, review.

1. Contribution No. 1722 from Taiwan Agricultural Research Instiute.
2. Associate entomologist, Department of Applied Zoology, TARI, Wufeng, Taichung, Taiwan, ROC.
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