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The Effect of Soil Moisture Deficiency in the Summer on the Growth
of Sugi Seedlings (Cryptomeria japonica), with Special
Reference to the Overgrowth in the Autumn.
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Table 1. Soil texture

B i W i W Tk wp bt
Gravel Coarse sand | Fine sand Silt Clay
v f - . .
Grain diameter(mm) >2.0 2.0—0.25 0.25—0. 02 0.02—0. 002 0. 002>
i % G 1.58 22.65 38.33 18.77 20,28
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Table 2. Air temperature, relative humidity and evaporation
from HiraTA’s evaporimeter during experiments.

= it I S S : 3 x B =
Air temperature Relative humidity Evaporation
B & K & /N ¥ ® % 4N =] 2
Mean Max. Min. Mean Max. Min. White Black
°C °C °C % % ) % g g
34.5 35.4 33.3 63 70 58 5.40 7.35
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Fig.1. Relation between soil moisture content -and soil moisture tention of the soil used.
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Fig.3. An example of changes in soil moisture
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Table 3. Increment in height

A* B C D

Vi 11 19.3 cm 20.8 cm 20.7 cm 19.8 cm
#= (Increment) 7.1 (4.8) 3.9 (2.0)

X 5 26.4 25.6 24.6 21.8
# (Increment) 2.9 4.3) (7.2) (9.4)

XI 28 29.3 29.9 31.8 3L.2
-
(’ti‘otal increament) (10.0) 9.1) 11.1) (11.4)
H
Expressed as percentage of the 100 % 91.0 % 111.0 % 114.0 %
total incremet of A.

A--REEKER 40%
B-- n 30

Lower limit of soil moisture ; 40%

* ” " ; 30
C... " 20 ” " ; 20
D-.. ” 14.5 ” ” ;14.5
B4k £ B B B8 & £
Table 4. Increment in diameter
A B C D
VoI 11 3.93 mm 3.86 mm 3.90 mm 3.82 mm
# (Increment) (1.53) Q.z2n (0.64) (0.69)
X 5. 5.46 5.13 4.54 4.51
% (Increment) (1. 20) (1.29) (1.59) (1.69)
X1 28 6. 66 6.42 6.13 6.38
wE E B
(Total increament) (2.73) (2.56) (2.23) (2.38)
e
Expressed as percentage of the 100 % 93.8 % 81.7 % 87.2 %
total increment of A.

A. B. C. D..--.- # 3% 4250 (See the explantion of Table 3)
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Fig.5. The course of growth in diameter of seedlings under the
various soil moisture conditions, (see the explanation of Fig 4)
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Table 5. Increment in dry weight of top

] -
l A B C D
Vi 11 3.13¢g 3.13g 3.13g 3.13g
# (Increment) ) (6.34) (5.98) (2.25) (4. 25)
X 5 9.47 9.11 7.38 7.38
# (Increment) (7.82) (6.44) (7.34) (7.34)
XTI 28 17.29 15.55 14,72 14.72
?Totﬁ . fent) | (14.06) (12.42) | (159 (9. 84)
Jio 3
Expressed as percentage of the 100 % 88.3 % 82.8 % 70.0 %
total increment of A.
A.B.C.D..oeeenee ¥ 3% %58 (See the explanation of Table 3)
meK W T M B W 4 E B
Table 6. Increment in dry weight of root
A B c | b
Vi 11 - 1.10g 1.10g 1.10g 1.10¢g
# (Increment) : (1.09) (1. 30) 0.89) (0. 60)
X 5 2.19 2.41 1.99 1.70
7 (Increment) (3.81) (3.55) (2.90) (3.26)
Xi 28 6. 00 5.96 4.89 4.96
£ E B
PTotal increment) (4.90) (4. 86) (3.79) (3.86)
Juo 3
Expressed as percentage of the 100 % 99.2 % 77.3 % 78.7 %
total inrement of A.
A.B.C.D.--ooeoe HE3E %S5 (See the explanation of Table 3)

ALTLMKERZITY S $ TOMDEMERBICHT 5 EOAERBOEE LKOENED
HEIMEICTT 5 EEOKOEMEDRIGEETRT LB TROELITHD, INHIVTHDIED
FEEZSSDLT LELNS 2, EHREZRCOIL Db AFHIEEBMENEY ) OWEEIK
2o THERMBPTTZ Lavbtns, EH8EIE T/R RAFLTH VA2, 9 LA
12D, CROEHEPTNS VD, BIIIXIZEAEERLL TR 72,

BTR ERUMHboEBARZICTTIEMERREOHES RT) LhoBHFHLEEOHM
BN SRMEMEDEE (RA)

Table 7. Ratios of the increamenent of height of seedlings to that of dry weight
(RT), and the ratios of height increment in autumn to that of dry weight.

(Ra)
A B C D
Rt 0.52 0.53 0. 68 0.83
Ra 0.52 0.43 0.70 0.89

A.B.C.D.-eeeeneen # 3 %% 208 (See the explanation of Table 3)
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Table 8. Top-root ratios
A B C D
X 5 4.32 3.74 3.65 3.33
XI 28 2.88 2.61 3.01 i 2.61
A.B.C.D.ooeeees % 3 #% 28 (See the explanation of Table 3)

&R, BiEMEs I OVEE: BEASORGAAT AEMO 7 A LAE, 9A LA, 11H
TRO 3EICHI T L OIS DBEM, 4KkERIOChD XV EHLFEILEZE IR
wL Tz,

FOR HEOEKE, BEMLLTKBHEAL

Table 9. Water content, Osmotic value and Solute ratio

S % Kk = B & & A%

Treatment Water content Osmotic value Solute ratio
VI 11 | 7.2 % | 12.09 atm | 1.78
A 76.5 11.13 1.51
X 5 B 76.1 11.78 1.60
C 74.6 13.46 1.64
D 75.6 13.24 1.71
A 63.6 18.16 1.34
X 28 B 65.4 18. 68 1.47
C 66. 4 17.36 1.4
D 67.7 17.37 1.59

BB E ORI Dby EED 9 H EACIAS pC HREROEAO RSB EVRIELH
TR TWSA, BEKICIEZ ORRITEIT > TWb, —F, S/KRITBEMEIZHTIA LR
AR o I E TS, BIKCIEEL RoTW 5, RAKIZ9 A LA, LIATALBIC
RS bRE K THEL E>TWo, |

BRI S & 2 RRE R L LT L AU T oM, BRSO L 2
EREBOSERZTTEEIOXRD LBV TH S, &R T HEERFTE TRDI,

A5 DI EATI) > 7D 9 B EADSHEILAHE, Bk & LICHETINICE 5D 5 LI x
RV, BRKIC R WT S ERITITERD B L IXV 2RV, BREHERIZA, BKELTHTHS
2D, CRIZERTHEE N,

—%, SBREHEIIA LACIRD O X ERCHOELDETHLAIE L, CRIILL
B SicBak, A, B, CRETRERRDLNAS» -7, LALIATARIEC, DKT
A, BREIVEVWEEREZRL TV, RRIFHBAIERE:SEFEE»D C/N R2H
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Table 10. Changes in the amount of carbohydrate and nitrogen

. N w SETEURAICT _
Tl sumars | Ttarct Totol carbo Netroge C/I\CI: atio
sugars ¢ hydrate 2en
- f'ﬁTﬁpi 5.10 % 12.21 % 18.66 1.88 9.93
H T
ol 1.06 10.15 12.35 1.58 7.82
11
rotal 4.06 11. 67 17.04 1.80 9.47
£ Tiopg“ 3.34 11.85 16.50 1.58 10.44
H T #
A e 0.71 11.80 13,82 1.32 10.47
4
rotal 2.85 11.84 16.00 1.53 10.46
b
- Top: 3.32 11.97 16.62 1.61 10,32
H
B ot 0.79 11.95 14.07 1.33 10.58
. - £ o . R na. PR I —
otal 2,80 11.96 16:09 1.55 10.38
ok
T 3.30 12.67 17.37 1.61 10.79
H T OER
5 | C i 0. 64 11.93 13.90 1.46 9.52
rotal 2.74 12.51 16.63 1.56 10,53
HL b
o 3.31 12.30 16. 77 175 9.58
H T
D Rt 0.58 12.06 12.64 1.64 7.7
£
rotal 2.69 12.26 15.83 1.73 9.15
L 4.50 20.87 27.69 0.76 36.43
T #
A Root 1.84 16.62 20,30 0.77 26.36
£
rotal 3.39 19.77 25.79 0.76 33,03
ok ER
- Top: 44 19.98 26.60 0.81 32.84
T
B Root: 1.94 17.28 21.14 0.83 25. 46
£ f
 rotal 3.25 18. 42 25.09 0.81 30.96
b A 1
» p:,; 4.67 18.13 24.81 0.95 26.12
;U
28 | C Riot” 1.83 16. 84 20. 54 0.87 23.61
ot 3.54 17.71 23.62 0.92 25.67
b %
TOpi 4.8 18.22 24,89 0.95 26.20
T
D Root” 2.02 16.63 20.50 0.89 23.03
&
rotal 3.57 17.79 23.67 0.94 25.18
A.B.C.D..--eee % 3% %5 (See the explanation of Table 3) )
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Fig.6. Changes of nitrogen absorption in the seedlings under various
soil moisture conditions (see the explanation of Fig 4)
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Résumé

In the nursery practice of Sugi seedlings (Cryptomeria japonica), the overgrowth
of the seedlings in autumn is one of the most important problems. Generally
speaking, it is induced characteristically under such climatic conditions as dry
summer followed by warm and humid autumn. ‘

The effect of soil moisture deficiency in summer on the growth of seedlings
was studied under green house conditions, related to the overgrowth in the
autumn.

Experiment 1. Water content, osmotic value and transpiration of the seedlings
which were.subjected to various degrees of soil dryness in containers were deter-
mined simultaneously.

With decreasing soil moisture content (Fig. 1), transpiration was influenced
first, that is, the rate of 'transpiration began to diminish suddenly when the soil
moisture lowered just below 30 per cent (l.5atm. in soil moisture tension) and
then showed a nearly constant valué when the soil moisture decreased to and below
14.5 per cent (15 atm. in soil moisture tension). The water content and osmotic
value were not affected by the soil moisture content until it came closely to 20 per
cent (8.5 atm. in spil moisture tension). However, the water content of leaves
began to diminish suddenly beyond this point, and almost simultaneously the
osmotic value began to increase. On the other hand, the solute ratio calculated
from water content and osmotic value increased gradually with the decrease of soil
moisture content, and began to decrease suddenly when the soil dried beyond 14.5
per cent (15 atm. in soil moisture tension) (Fig. 2).

Experiment 2. The response of growth, such as the hight, diameter, and
weight of tops and roots, to the soil dryness in summer was pursued in relation
to their internal reactions such as accumulation of carbohydrate, total nitrogen
content, water content and osmotic value.

Soil moisture in containers was regulated by rhodiﬁng its lower limit, soil was
allowed to dry out to various limits and when it was reached water was supplied
again to a little above the field capacity (Fig. 3). These water regulations were
carried out between the beginning of July and the end of August, and after then
they were kept well watered.

The growth of seedlings was inhibited in proportion to the lower limit of the
soil moisture (Table 3~6, Fig. 4, 5). It was affected by a slight decrease of soil
moisture below the field capacity, and these effects increased with increasing soil
moisture deficiency. But these decline of growth in summer were conspicously
recovered under the adequate soil moisture conditions in autumn (Table 3~6).
£specially, the height of the seedlings grown under the severe soil dryness in
summer became rather larger in autumn than that of the seedlings under the well
watered conditions around field capacity, because the severer the dryness of soil
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in summer, the larger the increment of height in autumn was. However, these
decline in diameter and weight of seedlings in summer could not be recovered
enough in autumn. Therefore the height-weight ratio, which is considered to be
useful as the indicator of the overgrowth of seedlings, showed the smaller value
in autumn in the seedlings grown under the severe soil dryness (Table 7).

Carbohydrate reserve showed no difference in late summer immediately after
the regulation of watering was stopped, but the accumulation of starch in the
seedlings grown under the severe soil dryness showed slightly lesser value in
autumn (Table 10). Furthermore, no depression of nitrogen content was detected
in the late summer, thought it was slightly higher only in seedlings subjected to
the most severe dryness of soil that was allowed to dry out to the permanent
wilting percentage. However, as the absorption of nitrogen was deﬁressed by the
drying of soil in proportion to the decrease of dry weight of seedlings, the absorp-
tion increased relatively in autumn by the seedlings (Fig. 6).

From the above findings, it may be said that the overgrowth of Sugi seedlings
was induced by the relatively luxurious absorption of nitrogen in autumn. Then,
it seems that the carbohydrate-nitrogen ratio and osmotic value were useful as the
indicator of hardling of seedlings in autumn.



