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Table 1 : Distribution of rice fields occurred the “relifting-head” (Unit : ha)
= RERE -
- Degree of & B
damage 60% 40% 20% 15% 10% 6 % Total
bR - ota
Location \
ERTIREE 50 200 400 — — — 650
Annan Dis,, Tainan City
FLH - — — 385 - — 383
Hsinfua
FTHED - — — — — 110 110
Hsinshu
‘B — — — — 250 — 250
Kuantien
B — — — — 182 — 182
Antin
T — — — — 86 — 86
Shikang
HG AR — — — — 43 - 43
Chianchung
BRI — — — — 72 — 72
Chiku
woE 50 200 400 385 633 110 1,778
Total

Note : 1. Based on the report made by Tainan Hsien Government and T, H. Farmers’ Association.
2. The damage degree had somewhat difference to the actual situation as shown in the table 4.
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Table 2 : The precipitation record during rice season of 1967 in Longtien Area, Kuantien

Hsian, the rice growing stage and the water management method

A Month 6 7 8 9 it =
H Date "\ June July Aug. Sept. , Remarks
1 43 |Bigi. Til.| Bg- S 0p  — mp Unit:mm
2 52,0 — 146 — | KRERERRNTEETE > NRRNKE
3 - — i 283 08) |iRZ (REFHERISH)
4 40.4 — — — | The rice growing stages and the
5 945 -— — (3.0) | water management are based on
4] — 82 i1 170 (28) |{Mr., T.L. Chen’s rice field (Variety :
7 — i1 45 — I — | Tainang-8).
8 — — — — 11: #¥ Irrigation time
9 — 113 25 — | T : 4## Transplanting time
10 41.0 30 — — D : Drainage time
11 0.4 110.0 12.8 5.0 | Bigi. Til. : Bigining of tillering stage
12 83.5 25 ‘ 285 300 Bigi. H.S. : Bigining of head-sprouting
13 39.0 — — — stage
14 — — 1 - I R i B Heading stage
1 - B 3 T |F AT REEREES
16 - - - - A weak typhoon came over in
17 - - - - midnight.
18 — D - — — .
19 b ¢ ) ARFLHm o AHNRE -
The figure in parentheses
20 — D — 295 —
""""" i shows the precipitation record
21 TI — D — —i 23 )
i gotten in September in Hsinfua
22 — D — I 20; 7.0
: Area,
23 — |D — —i 11 —
: FEMMENE 511.6mm.
24 — ID — —1i 5.0
; Total precipitation during
25 . — 0.7
: the rice season was 511.6mm.
26 96 D — — —
27 —p - —i —
28 — p - — -
29 1 — 1 = 870i —
* ;
30 — — 55.0; —
31 — - 28 -
# W B
Total Prec. 364.8 1615 291.2 149.3 (6.9)
& 38 F BB
Total rainy day 9 6 12 5 (4
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Table 3 : The basis and the result of estimation on the daily water consumption

and the days of dry field in different growing stage of the rice field.

§ BC | B B, — B
£ F OB B E=2 H#( Temperature{ Precipitation E@EZK% ¥ XK B RHEE
G v Ir‘x;;gz::d Dayly water | Days of

rowing stage ear | Days| E= | B m B consumption .
e Max. Da%(s mm | ™7 mm/day | dry field
#H H~o B W 87 | 10 | 24 | 33 4 54 60 7 0
Tr.~B. Til.
67 10 25 33 1 10 80 10 * 1%
o BE~Z W OR 87 | 39 | 22 § 33 4 99 97 9 11
Til.~B. Spr. :
67 31 26 33 6 162 60 i0* 15 *
OO M ’57 23 20 32 4 122 147 10 0
Head-sprouting
stage 67 20 26 , 33 8 144 100 10—11 * 0 *
H O# 3 M ’57 7 17 31 0 0 50 15 2
Heading stage
67 11 26 35 4 147 50 11 * e 0 *
®oOo®m # M B7 | 34 | 13 | 32 2 3 86 9 5
Ripening stage
67 30 23 i 33 5 49 80 10—7 * e 11 *

Remarks : Tr.=Transplanting (Which of Mr. T.L. Chen’s farm is shown by’ 67.)
B. Til.=Before tillering stage
B. Spr.=Before head-sprouting stage
* The estimated values based on the data obtained from Chonging Rotational
Irrigation Experiment Farm, near Longtieng, in 1957.
X The 148mm of rainfalls were brought by the typhoon at the latter heading stage.
¢ &--The estimations are mainly depend upon about one third and two third of rice
leaves had been witherd respectively.
The irrigation method : Tr.—B.S. H.S.S.—H.S. R.S.
30 g0 30mm/5 days
But 7.5 day rotatioal interval was practiced in 1967,

and irrigated with E0mm one week after heading too.
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—28 (9A78) ZHE7XPHE SOmm » BEESAMERRATAE 4K B9 AZBAMEE
BEE TRPRE 0mm 1k REELER - XNE=KAT > RPN RBREOFELS -
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# Tmm o BEETBIERE R HAZE - HERRANIR S ERGEE TS EEARLLE LER
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STUDY ON THE CAUSES OF RELIFTING-UP OF RICE
PANICLE DISCOVERED IN TAIWAN IN 1967

Chen-Neng Wu

Summary

A mysterious phenomenon that the sagged rice panicles lifted up again was observed in
the 3-Year-Rotational Rice Cropping Plots of Tainan Area, South Taiwan, in 1967. The
total damaged area was 1,778 hectares. This rare sterility of rice panicle caught the
farmer’s attention several days after the weak typhoon, and therefore was considere as
typhoon damage by the farmers in the area.

The above interpretation was, however, questioned by the author so the following four
hypothetic causes of the occurrence of the “relifting-head” were taken as the bases for this
research to detemine the real cause :

1. The damage caused by the typhoon,

2. The rice panicles attacked by the rice stem borers during the latter half of the milky
stage,

3. The rice heads damaged by the panicle neck blast andfor by the branch blast disease
due to the Pricularia Oryzae Cavara, and

4, The rice plants severely suffered from the “suffocating disease” owing to the poisoning
of the reduced substances of soil such as the ferrous iron, etc. after heading.

The field surveies were carried out with about twenty investigation items including the
occurrence of “relfting-head” and the cropping conditions, etc. at the representative fields.
And eleven samples of ill rice plants were collected for the examinations of the toxication
phase of the tissues, and the germs in the panicles; also for the detections of toxins such as
the ferrous iron and the sulfide in the stems and the panicles by Microscopic Histochemistry
Method.

The ferrous iron which did not combine with sulfur in the tissues incluing the panicle,
was determined by the red color reaction to 0.2% solution of O-phenanthroline within 40
minuts after treatment.

The black substance in each tissue was determined as the ferrous sulfide by its Turn-
bull’s blue color reaction to 2% solution of potassium ferricyamide plus 5% hidrochoic acid,
and could be distinguished from ferric sulfide by this method.

The six cases with severely rotted roots (including one sample which has no “relifted-
head”) were chosen to make the root saps to detect the sulfide contained in by means of
the determination of the white precipitation of zinc sulfide to 2.5% zinc acetate solution.

According to the survey result, it was found that the detail observations made by Mr.
T.L. Chen, Chief of Extension Section, Kuantien Hsian Farmers’ Association, on the appe-
arance of the “relifting-head” in his own rice field could be considered as the key to solve

the problems. Hence these research results were mainly based on the problems studied in
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his farm in addition to the common data obtained from the other representative fields, etc.
The research results are summarized as follows :

1. The weather condition during this rice season (from middle June to late September)
was the remarkbly drought. But the irrigation water supplied with water of 30-50mm
deep per 7.5 days rotational method held by the Chianan Irrigation Association, was
still enough for the rice season.

2. The developement of the rice plants before heading was fine and the heading phase
was also normal. Even so the panicles lifted up after they had sagged in the middle to
late milky stage, and showed dark brown in color with some grains in grayish black
color. Then the rachilla and the dead rice in the chaffs showed blackish brown in
color and dried up; and large brown spots appeared on the branches, the axis and the
base of relifted panicles. Even the unlifted ones also showed dark brown in color, its
ripening was, however, comparatively good.

The rice hills occurred the “relifting-heads” were spotted in a paddy field when it
was the slight case. It was noticed that the spotted positions were coincident with the
positions where the hard sweet potato vines had been piled at its havest time. In the
severe case induced by the poor drainage condition, less or no application of potassium
and so on, the hills with the “relifiting head” spreaded all over a plot.

3. Almost the rice fields in the area were hit by the weak typhoon at their late heading
stage. It, however, had blown only two and half hours at midnight with a maximum
velocity of 17.2m/[s, (5.7m/s on the surface of eath), the temperature at 25°C the
humidity of 99% and the rain. These data showed that the typhoon was very weak
and not the dry-hot one. Actually, not only no panicle tips and leaves had been broken
but also no panicles appeared on that day had been dried up and showed the “white-
head”. Besides, there were other five counterevidences such as that some panicles had
already lifted up before the typhoon, some one headed several days after the typhoon
had lifted up too and so on. Consequently, the typhoon was definitely not the direct
cause of the occurence of “relifting-head”.

4. It was also determined that the damage was not caused by rice stem borers because
the symptom was quite differ from the “white-head” injured by rice borers, i. e. no
bor or bite on the culm and no excrements of the borers inside of the culm were
discovered.

5. The neck and branch blast diseases were again not considered to be the cause of
the “relifting-head”. It should be pointed out that there were no rice blast disease
discovered even on the rice leaves.

6. Besides, no germ could be foumd out from the tissues of every brown spotted parts of
the panicles by the microscopic examination. Hence it is safe to say that the dead rice
grains in blackish brown color were not injured by any germ that invaded through
the abrasion of the grain hulls owing to the attack of the typhoon.

Since the dead rice grains were not rotted, it was impossible that they had been
damaged by the rain water brought by the typhoon.

7. Although the “relifting-head” rice plants were acompanied with rice brown spot and
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[or sheath blight and[or leaf smut, etc., most of these parasistic diseases occurred
after the relifting of panicles and the damages were slight. And the injury by rice

hoppers was not the direct cause foo.

. It is evident that the “relifting-head” was not the damage caused by agricutural

chemicals.

. The sick rice fields were irrigated with the deep water which had nearly 40°C of temp-

erature, from the early head-sprouting stage, so that the reduced condition of the soil
was resulted and further developed to the extremely severe condition day by day.

The time of the reduced degree reached to Eh; 100 mv which is an inducement
of “suffocating disease” of rice, was presumed as one week before heading according to
the results of the field survey and the experiment. Then the serious reduced condition of
soil was discovered even at the ripening stage of the many sick fields.

It was, however, estimated that the disease appeared severely at heading stage
which the oxidation ability of roots was weakened and could not resist the harmful
reduced substances of the soil. Then Among the sick plants, the most seriously
affected one relifted their panicles up from the middle to late milky stage.

Plenty of the ferrous iron and the ferrous sulfide were detected from the roots, the
culm and the panicle of the sick plants with the “relifting-head”; then in the dead
grains, a lot of toxins were determined especially at the portion of that from the
pericarp to aleuron layear.

It was also discovered that almost poisoned tissues occured very severe necrosis and
some of them showed partial one; and many vascular bundles were clogged up with
the ferrous sulfide or other matters.

The facts of the poisoning were found in the tissues of lower part of the plants with—
out the “relifting-head” too, however the quantity of toxicants in the culm were
smaller. It is evident that the poisoning had not yet spreaded to the upper part of
the plant thefore the panicles did not relift up.

The mechanism of the occurrence of “relifing-head” was that the rice plants severely
suffered from the ‘‘suffocating disease” after heading and the absorption ability of the
roots was therefore considerably weakened. On the other hand, the assimilation of the
leaves was obstructed greatly owing to many lower leaves withered up quickly. More~
over, many vascular bundles of the node occurred necrosis and/or clogged up with
ferrous sulfide or other things, hence the transmission of the water and other nutrients
to the panicles was obstructed more and more. In addition, the more hurmful toxins
produced in the reduced soil were absorbed in, and some of them were transmissed to
the panicles through the undamaged sieve tubes owing to the strong transpiration
current made by a weak typhoon and the following hot dry weather, then caused the
young rice grains poisoned by the ferrous iron and hydrogen sulfide. Later on, they
withered up very fast and lost the weight because of the strong sunshine, then lifted
up again owing to the elasticity of the panicle axis.

The occasions of occurrence were the composite effectes resulted from the application

of fresh organic matters, the storage of deep water in the rice field during the latter
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stage, the high water temperature induced by the hot dry weather, the poor drainage
condition, the serious reduction of soil, the weak typhoon, the excessive application of
nitrogen and less or no application of potassium, etc.

15. This is the new case of “akiochi” discavered in Taiwan.

16. Its preventive measure is the adoption of the following methods at the same time by
enforcing strictly the rotational irrigation method which has wet and dry terms perio-
dically so as to keep the soil dry properly and supress the reduction of the soil under
the submerged condition’; and applying more potassium and the suitable amount of
nitrogen. The fresh organic matters, however, shoule not be applied to avoid the

production of toxins in the reduced soil.

Addendum : Since the author was dispatched to the Philippines soon after he had finished
this research project in 1969, the publication of this paper has been delayed.

The similar case occurred again in the same area in 1970 soon after his

return to this Institute. Therefore he started immediately the second research

project which has recently finished. Its results will be published as a separate

report.
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Note

LIEEHBROEN—BI VA « TR _ERRRAE -
A partial tissue section of the nodal septum lof healthy rice culm. Neiter Fe*+ nor
FeS could be detected.

2. AR BRYEHRERERS ERANE -

The necrosis occurred severely in the nodal septum of basal tissue of the culm and
the root of sick plant. Then much black substance was stored in thease tissues.

3. BEMABE TR RRGth R BEWEAKEE(E) B B E A RERF R BMARFeS.
The mass of black matter was also found in the central part of the nodal septum of
basal tissue («).It was determined as the FeS by its Turnbull’s blue color reaction.

4. 5RB0 ) RRREAHBEES L TZERE) HRE¥ -

The node of the culm which had brown outside view but grayish black inside view
showed the Turnbull’s blue color reaction thickly too.

S.MAREMS B (EiRMER) -

Another node of the culm, just at the upper portion of nodal septum, which occurred
the necrosis severely.

6. 7R K 5 TR RIERBESN —EROLERE -

The. dense Fet* in red color could be detected from the node shown by photograph 5.



R T.ER () REBEG (B) MEEERG_ERRERIRE © ARAEHETRE -

Note The nodal septum (left) with the sheath pulvinus (right) . The Fel* could be
detected densely” from most of their vascular bundles. The FeS, however, did not
react to the O-phenanthroline.

8. MERBE (hay) WA = fHE -
The detection of the Fe*t at the panicle axis with the primary branch (the smaller
one) .

9. BBREXRIEE (hR) H_HBERIE -
The reaction of Fe™ at the basal parts of hulls with the rachilla (center) .

10. S 7E Kt T LA H & B AYBRALEE®, » RUARBETIERM B RE  JRKH L RARKRA -
The mass of FeS was also detected from the dead rice grain especially from its
pericarp to aleurone layer. This is the enlarged picture of about a qarter of the rice
grain.

AL FERBY —FURRIE -

The Fe+t reaction found in the read rice grain.
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