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Abstract :  Analysis of the characteristics of grain production of 965 gm~2 obtained by Shan You 63 (F, hybrid
rice) in 1991 was carried out. Absorption of nitrogen reached 21 gm~2 up to the time of heading, and a large
capacity of grain yield (50,360 spikelets per m?) was obtained. Efficiency of increase in spikelet number per m?
by absorbed nitrogen up to heading was essentially the same as in west Japan. Mean Leaf Area Index 10 days
before heading became exceptionally large (10.18). A large amount of translocation of accumulated assimilation
products before heading improved the percentage of ripened grain. Increase in translocation of assimilated
products stored in the culm and leaf before heading may remarkably increase yield in China.
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As examples of high yields of paddy rice in
China, Kunihiro? reported on brown rice
yield of 1120 gm~2 by Zhen Yu No. 1 in Dali,
Yunnan Province, 1200 gm~2 by Guizhao No.
2 in Binchuan, Yunnan and 1350 gm~2 by
Guizhao No. 2 in Hegin, Yunnan. Xu et al'.
obtained as unhulled rice 1360-1440 gm~2 for
three years continuously in the trial of Ganhua
No. 2 (F, hybrid rice) in Ganyu County,
Jiangsu Province. This means a 1050 to 1110
gm~% brown rice yield. Even though examples
of brown rice yield over 1000 gm~2? were quite
frequent, the factors determinig yield have
scarcely been studied!?. In the three examples
of Yunnan Province mentioned above, infor-
mation on growth factors is not clear except on
yield components.

Therefore, the authors tried to analyze the

* The outline of this paper was presented at the 193th
meeting of the Crop Science Society of Japan, April,
1992.

factors for high yields exceeding 1000 gm~2 of
brown rice in China. In this paper, character-
istics of grain production of 965 gm~2 of brown
rice obtained by Shan You 63 (F, hybrid rice)
in Lianyungang, Jiangsu Province, China in
1991 are analyzed.

Materials and Methods

Two experimental paddy fields of 1200 to
1500 m* were in each county: Ganyu and
Donghai, in Lianyungang, Jiangsu Province.
There was about 50km in a straight line
between both counties. Chinese F, hybrid rice
and Japanese varieties were grown in the same
way in each county. For reference, a Japanese
veriety was cultivated in a paddy field of an
experimental farm at Kyoto Prefectural Uni-
versity. An outline of each variety, planting
areas, cultivation methods and soil conditions
is shown in Table 1.

After transplanting, the culm number of
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about 50 hills was measured in each test plot
periodically. Ten hills with the mean culm
number from each test plot were collected at
the time of early tillering, booting, heading
and maturity. After cutting the roots, the hills
were separated into leaf blade, culm+leaf
sheath and ear and were power dried for 2
days at 80 to 90°C before dry weight was
determined. Leaf area was calculated from the
total dry weight of the leaf blade and dry
weight of the leaf blade per 100 cm? Mean
Crop Growth Rate (CGR), mean Leaf Area
Index (LAI) and mean Net Assimilation Rate
(NAR) were calculated by dry weight and
leaf area in each growth stage. At maturity, 7
of 10 hills were used to determine the dry
weight, leaf area, percentage of ripened grain
(seed selection was made by salt solution of
the specific gravity 1.06) and number of spike-

lets per one ear was counted with three culms
remaining. Total nitrogen (N) of each part of
the plants at heading and maturity was mea-
sured by Indophenol colorimetric analysis®. N
was expressed as percentage of dry weight.

Yield survey was carrid out as follows:
Winnowed unhulled rice weight was measured
after reaping rice hills at 2 plots, each 10 m? (2
m X5 m), threshing and wind selection. Un-
hulled rice of 300 g were husked to make
whole brown rice, and then put through a 1.7
mm sieve to remove any immature kernels.
Weight of winnowed unhulled rice, whole
brown rice and winnowed brown rice were
converted into water content of 159, and these
were expressed as the mean value of 2 plots.
Straw weight was calculated from dry weight
of the leaf blade and the culm-+leaf sheath of
7 hills collected at maturity.

Table 1. Outline of cultivation methods.

Ganyu County (34° 80' N, 119° 10’ E)

Donghai County (34° 60" N, 118° 70’ E)

Variety and planted area (without replication)
Shan You 63*, 100m?(22 mXxX45.5m)
Koganebare**, 100m?(8 mXx12.5m),

Transplanting date : June 15

Transplanting density : 52 hills m=2, 1 plant/hill

Fertilizer application
Basal dressing (June 14)

N:26.9gm™?, P,O,:18.8gm™?,
K,O:18.8 gm2(Urea, Compound f.)
Top d. (June 20, 61 days before heading)

N:8.1gm2?(Urea)
Top d. (June 28, 53 days before heading)
N:1.6gm™2,P,0O,:4.1lgm2
(Ammonium Phosphate)
Top d. (July 8, 43 days before heading)
K,O:12.2 gm~?(Potassium sulfate)
Top d. (July 30, 21 days before heading)
N:3.4gm% P,0O;:6.1gm ?(Urea,
Ammonium Phosphate)
Total N:40.0gm~2, P,O,:29.0gm™?,
K,0:31.0gm™?

Disease and insect pest control
July 8, July 28 (Insecticide)

August 4 (Insecticide, Fungicide)

Weed control : June 20 (Herbicide)

Cropping system : Wheat-rice double cropping

Soil condition : Loam

Xu You 3-2*, 1300 m2(35 mXx37.1m)
Nipponbare**, 200m?(12X16.7)
June 25

42 hills m=2, 1 plant/hill

Basal dressing (June 25)
N:12.8 gm~2(Ammonium carbonate)
Top d. (July 2, 48 days before heading)
N:9.6gm?%, P,0;:6.9gm™?
(Urea, Ammonium Phosphate)
Top d. (July 25, 25 days before heading)
N:2.8 gm2(Urea)

Total N:25.2gm~%, P,O;:6.9gm™2, K,0:0

July 28, August 20 (Insecticide)

August 25 (Insecticide, Fungicide)

July 28 (Herbicide) , August 5(Hand weeding)
Wheat-rice double cropping

Clay loam

* F,hybrid rice, **]Japanese variety, Top d. : Top dressing. Compound f. : Compound fertilizer .
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As for meteological data, values at each
meteorological observation in Ganyu and
Donghai counties and those at the experi-
mental farm at Kyoto Prefectural University
were used.

In this paper, grain yield was indicated as a
product of grain yield capacity and contents in
grain yield®, and the characteristics of grain
production were analyzed. Since spikelet size,
a component of grain yield capacity, was not
measured, spikelet number per m? was regard-
ed as grain yield capacity. Regarding contents
of grain yield, the weight of whole brown rice
(AE) was divided into T and AW for
analysis”, with T as the amount of transloca-
tion of the assimilated products stored in the
culm and leaf before heading into the ear, and
AW as dry matter production from heading
to maturity. Furthermore, each value was

Kyoto(35° 27" N, 135° 12’ E)

Nipponbare**, 80 m?(20m X 40 m)
May 23
35 hills m~2, 3 plants/hill

Basal derssing (May 21)
N:2.7gm™?, P,O:2.7gm™?,
K,O0:2.7 gm2(LP compound f.)
Top d. (July 15, 26 days before heading)
N:2gm 2, K,O:2gm ?(NK compound f.)
Top d. (July 20, 21 days before heading)
N:2.5gm2, K,0:2.5gm ?(NK compoundf.)

Top d. (August 3, 12 days before heading)
N:2gm 2, K,O:2gm ?(NK compound f.)
Total N:9.2gm%, P,O,:2.7gm™?,
K,0:9.2gm™?

May 25 (Herbicide)
Rice single cropping
Clay loam

LP : Slow-release fertilizer.

divided by spikelet number per m? and E, T,
W (En, Tn, Wn) per spikelet were estimated.

Results

1. Daily mean air temperature and

sunshine hours

Daily mean air temperature and sunshine
hours at each location during the growing
season were shown in Fig. 1. Approximately
the same daily mean air temperature was
recorded in Ganyu and Donghai counties.
Daily mean air temperature in both counties
was 0.4 to 2.3°C higher in the first 10 days,
and middle of May and in July, and 0.2 to
3.7°C lower in other seasons than in Kyoto.

Daily mean sunshine hours in Ganyu
County were longer than those in Donghai
County. Daily mean sunshine hours in both
Ganyu and Donghai were approximately the
same as in Kyoto in the last 10 days of May
and first 10 days of June, and were 6 to 54
hours longer in the season after the middle of
June than in Kyoto.

2. Yields

Winnowed unhulled rice weight, winnowed
brown rice weight, straw weight and brown
rice-straw ratio (winnowed brown rice weight/

TO

Air temperature

251

Daily mean sunshine hours (hd™!)

201

Daily mean air temperature ("C)

T S e
EMLEMLEMTLEMLEML

May July
Fig. 1 Daily mean air temperature and daily

mean sunshine hours at each location

(1991).

—@— : Ganyu County, -- B - - : Donghai

County, ---O--- : Kyoto.

E : First ten days, M : Middle ten days,

Last ten days.

June August September
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Table 2. Weight of winnowed-unhulled rice, weight of winnowed-brown rice, straw weight and
brown rice-straw ratio.
. Weight of Weight of . .
Location Variety Winiowed- Winiowed— Straw ‘A_I?ght Brown rl?e;
used unhulled brown (gm~2) straw ratio
rice (gm~2) rice (gm~2)
Ganyu County Shan You 63 1241 965 956 1.01
Koganebare 798 662 932 0.71
Donghai County Xu You 3-2 938 788 781 1.01
Nipponbare 773 638 861 0.74
Kyoto Nipponbare 897 691 889 0.78

*Brown rice-straw ratio : Weight of winnowed-brown rice/straw weight .

800

600 I

400

Number of tillers per m?

A 1 L L 1

Fig. 2 Tillering patterns and growth stages.
Numerals in the figure indicate percent-
age of porductive culm. Arrows indicate

... 864 growth stages.
r

—@— : Shan You 63, —O—: Koganebare
(Ganyu County),

--@--: Xu You 3-2, ---O--- : Nippnbare
(Donghai County),

-4 : Nippnbare (Kyoto).

0 20 40 60 80 100

Days after transplanting.

straw weight) are shown in Table 2. Win-
nowed unhulled rice weight was heighest in
1241 gm~2 of Shan You 63, and decreased in
the order of Xu You 3-2, Nipponbare of
Kyoto, Koganebare, Nipponbare of Donghai
County. For winnowed brown rice weight,
Shan You 63 was 965 gm~2 and Xu You 3-2,
was 788 gm~2, and this order was the same as
winnowed unhulled rice weight. Japanese
varieties were within 638 to 691 gm~2. Straw
weight of Shan You 63 was a maximum 956
gm~? and Xu You 3-2, a minimum 781 gm~2.
These yields were not the same as the order of
winnowed brown rice yield. The brown rice-
straw ratio was 1.01 for both Shan You 63 and
Xu You 3-2; clearly indicating a high value
compared to Japanese varieties.

3. Tillering patterns and growth stages

Tillering patterns and growth stage are
shown in Fig. 2. In Shan You 63 and
Koganebare, about 10 days after transplant-
ing, the number of culms did not increase but
thereafter, rapidly increased to a maximum

120

. : Spikelet differentiation, | : Heading,

} : Maturity.

tiller number stage 25 days after transplant-
ing. The percentage of productive culm of
Shan You 63 was 639, and lower than other
varieties. Ear number per m? of Shan You 63
was the smallest. Xu You 3-2 or Nipponbare
of Donghai County showed no delayed
growth, reaching a maximum tiller number
stage 18 days after transplanting. The percent-
age of productive culm of Xu You 3-2 was
approximately the same as that of Nipponbare
in Donghai County. Increase in the number of
culms of Nipponbare in Kyoto was slow.
However, many more ears were recognized
because of the much higher percentage of
productive culm. The number of days from
transplanting to each growth stage was 17 to
19 days shorter in Ganyu County and 26 to 30
days shorter in Donghai County than in
Kyoto.

4. Growth parameters at

growth stages

In Table 3, CGR, LAI and NAR were
shown. Shan You 63 showed the greatest CGR

different
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Table 3. Mean Crop Growth Rate(CGR), mean Leaf Area Index (LAI) and mean Net Assimila-
tion Rate (NAR) .

. Variety From early tillering to booting® From booting to heading®
Location p— p— p—
used CGR LAI NAR CGR LAI NAR
(gm=2d-") (gm~2d-1) (gm=2d-') (gm-2d~1)
Ganyu Couty Shan You 63 23.76 3.71 6.40 39.46 10.18  3.88
Koganebare 17.06 3.06 5.58 30.40 6.34 4.79
Donghai County Xu You 3-2 16.51 3.49 4.73 27.96 8.24 3.39
Nipponbare 14,71 2.83 5.20 32.01 7.65 4.18
Kyoto Nipponbare 12.25 2.01 6.09 27.65 5.94  4.65
' Variety From heading to maturity®*
Location E— p— p—
used CGR LAI NAR
(gm=2d7") (gm=2d-1)
Ganyu Couty Shan You 63 14.27 6.17 2.31
Koganebare 13.23 5.06 2.61
Donghai County Xu You 3-2 15.75 5.70 2.76
Nipponbare 14.17 4.44 3.19
Kyoto Nipponbare 15.42 4.62 3.34

Period Ganyu County ; a: June 25 to Aug. 10(46 days), b: Aug. 10 to Aug. 20(10 days), c:
Aug. 20 to Oct. 3(44 days), Donghai County ; a: June 25 to Aug. 10(46 days), b: Aug.
10 to Aug. 19 (9 days), c:Aug. 19 to Oct. 2(44 days), Kyoto;a: June 2 to Aug. 5(64
days), b:Aug. 5 to Aug. 15(10 days), c:Aug. 15 to Sep. 29(45 days) .
* Xu you 3-2 of Donghai County shows from heading to late ripening.

Table 4. Number of spikelets.
Variety Spikelet Spikelet
Location used number per number per
panicle m?

Ganyu County Shan You 63 139.5x27.1 50,360

Koganebare 76.8+20.2 38,400
Donghai County Xu You 3-2 124.1+25.0 55,100

Nipponbare 82.8+23.3 40,700
Kyoto Nipponbare 89.4+21.8 37,300

from the early tillering stage to the booting
stage. CGR of Xu You 3-2 was lower than
Koganebare, because NAR was lower. From
the booting time to heading, CGR of Shan
You 63 reached 39.5 and LAI was especially
high at 10.18. NAR was lower than Japanese
varieties. CGR of Xu You 3-2 of this time was
lower than Japanese varieties. From heading
to maturity, CGR of Shan You 63 was higher
than Koganebare, but it was the same as

Nippnbare of Donghai County. LAI of Shan
You 63 was also greatest at the time and NAR
was lowest. CGR was maximum in Xu You
3-2.

5. Capacity of grain yield

In Table 4, spikelet number was shown.
Spikelet number per m? of Shan You 63 and
Xu You 3-2 were much larger than Japanese
varieties, reaching 50,360 in Shan You 63 and
55,100 in Xu You 3-2. Spikelet number per
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Table 5. Efficiency of increase in spikelet number per m? by absorbed nitrogen until heading.

Nitrogen Total dry Amount of Efficiency of
Variety content weight absorbed increase in
Location used at heading at heading nitrogen until  spikelet
(%) (gm~2) heading number*
(gm=2)

Ganyu County Shan You 63 1.37 1532 20.99 2399
Koganebare 1.44 1150 16.56 2319

Donghai County Xu You 3-2 1.96 1048 20.54 2683
Nipponbare 1.63 990 16.13 2523

Kyoto Nipponbare 1.51 1062 16.03 2327

* Spikelet number per m?/amount of absorbed nitrogen until heading.

Table 6. Analysis of contents of grain yield (AE) .

Weight of  Total dry Dry weight  Amount of Contri-
Variety whole weight at incureased translo- bution

Location used brown maturity after cation ratio
rice (gm=2)  (gm~?) heading (gm~2) T** T/AE

AE (gm=2) AW*

Ganyu County  Shan You 63 1007 2160 628 379 0.38
Kohanebare 670 1732 582 88 0.13
Donghai County Xu You 3-2 792 1848 800 —8 —0.01
Nipponbare 643 1614 624 19 0.03
Kyoto Nipponbare 717 1756 694 23 0.03

* Total dry weight at heading was shown in Table 5. **kAmount of translocation of assimilated
products stored in the culm and leaf before heading (AE—AW) .

ear in both varieties was remarkably high.

In Table 5, N9, of the rice plant at heading,
the amount of absorbed N until heading and
efficiency of increase in spikelet number (spi-
kelet number per m?/the amount of absorbed
N until heading) are shown. The amount of
absorbed N until heading in Shan You 63 and
Xu You 3-2 was exceptinally higher than
Japanese varieties and both varieties exceeded
20 gm~2. Shan You 63 was high in the total
weight and Xu You 3-2 was high in N9%,
Efficiency of increase in spikelet number of Xu
You 3-2 was somewhat higher than the
Japanese varieties and that of Shan You 63
was approximately the same as that of
Japanese varieties.

6. Contents of grain yield

AE, T and AW are shown in Table 6. AE
was maximum in Shan You 63, follwed by Xu
You 3-2. AW of Shan You 63 was somewhat

higher than Koganebare, but approximately
the same as Nipponbare in Donghai County
and Kyoto. AW of Xu You 3-2 was maxi-
mum. T of Shan You 63 was very high and
that of Xu You 3-2 was a minus. Contribution
ratio of T to AE (T/AE) in Shan You 63 was
0.38. That of Xu You 3-2 was a minus and
Japanese varieties were 0.03 to 0.13.

In Table 7, AEn, AWn, Tn and percentage
of ripened grain are shown. AEn of Shan You
63 was highest and Xu You 3-2 was mini-
mum. AWn of Shan You 63 was lowest and
AWn of Xu You 3-2, less than Japanese
varieties. Tn of Shan You 63 was exceptionally
large and Xu You 3-2 showed a minus. Tn of
Japanese varieties was 0.4 to 2.2. The percent-
age of ripened grain of Shan You 63 followed
that of Nipponbare of Kyoto. That of Xu You
3-2 was lowest.
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Table 7. Contents per 1 grain(AEn) and percentage of ripened grain.
Weight of Dry weight Amount of Percentage
Location Variety whole brown  increased translo- of ripened
used rice (mg) after heading cation grain
AEn* (mg) AWn** (mg) Tn*** (%)
Ganyu County Shan You 63 20.0 12.5 7.5 78.3
Koganebare 17 .4 15.2 2.2 75.3
Donghai County Xu You 3-2 14 .4 14.5 —0.1 64.2
Nipponbare 15.8 15.4 0.4 72.2
Kyoto Nipponbare 19.2 18.6 0.6 87.4

% AEn : AE/number of spikelets per m?, % % AWn: AW/number of spikelets per m?.

*%k %k Tn=AEn—AWn.

Discussion

It is clear that meteorologcal conditions of
longer sunshine hours in Ganyu County
brought about high yields of Shan You 63%.
However, higher yields of Nipponbare in
Kyoto than Japanese varieties in China indi-
cate the high yields of Shan You 63 depend
not only on meteorological conditions but the
characteristics of grain production of Shan
You 63 as well.

For high-yield cultures, overluxuriant
growth during ripening should be avoided.
For this reason, it is important to efficiently
obtain the spikelet number per m? *!1. Effi-
ciency of increase in spikelet number per m?
by absorbed N until heading differed with
area?. In Japan, it is high in the north and low
in the south®. In west Japan, the relationship
between spikelet number per m? and the
amount absorbed N until heading can be
represented by Shimizu’s equation as follows :
N=0.039765m —0.876 where N is the
amount of absorbed N until heading (gm~?),
and m is spikelet number per m? (X 10?)%. All
varieties in this study were essentially on this
regression line. Efficiency of increase in spike-
let number of Shan You 63 is considered to be
the same as the west area of Japan. Since N7,
of Shan You 63 at heading was lower than in
other varieties, an increase in the amount of
absorbed N was due mainly to that in dry
weight. The period of dry matter production
from transplanting to heading of Shan You 63
was considerably short compared with the
period in Japan®®. Therefore, the large capac-
ity of grain yield in Shan You 63 is considered

to be due to extremely high@ up to
heading. The reason for high CGR is high
LAI, rather than NAR.

Spikelet number per one ear of Shan You 63
was clearly large compared with Japanese
varieties and this tendency was the same in the
other high yielding rice varieties%71%!9 How-
ever, the percentage of productive culm was
very low in Shan You 63. Xu et al.'¥ pointed
out that the percentage of productive culm in
Ganhua No. 2, yielded 1360 to 1440 gm~2 of
unhulled rice, was lower than 459,. High
yields and a high value of brown rice-straw
ratio in Shan You 63 can not be fully ex-
plained by efficiency of increase in spikelet
number.

As to contents of grain yield (AE), increase
in AE of Shan You 63 was based on AW
equal to Nipponbare of Donghai County, and
remarkably high T. T of Shan You 63, 371
gm~2, this being approximately the amount
equivalent to dry matter production, 395
gm~2, from booting time to heading. The
prcentage of ripened grain was related to the
amount of contents of grain yield per one
spikelet (AEn)!2!¥. Wn of Shan You 63 was
minimum, but AEn highest, because Tn of
Shan You 63 was three times as much as other
varieties. Weng et al.’® reported that high Tn
makes the rate of translocation of carbo-
hydrate into the ear high. The remarkablely
high T of Shan You 63 may cause high Tn,
thereby improving the percentage of ripened
grain.

Song et al.” pointed out that in breeding
high yielding rice variety, large sink size was
important, and increase in the contribution
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rate of T for AE as well. Weng et al.’® and
Song et al.® recognized that the more the
accumulated carbohydrate at heading, the
higher was the yield, in a range of 276 to 746
gm~2 of ear weight by weng et al., and a range

of 415 to 809 gm~2 of brown rice weight by
Song et al. However, it was not clear whether
this tendency was continued effectively or not
beyond those yields. In this study, T of Shan
You 63 increased by about 249, compared
with 809 gm~2 by Song et al.”, and the high
percentage of ripened grain could be obtained.
The contribution ratio of T for AE was the
same, Increase in translocation of the as-
similated products stored in culm and leaf
before heading is considered to remarkably
increase yield in China.
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