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Effects of Depth and Duration of Water-logging on
Growth and Yield at Germination and Seedling Stage in

Tomato(Lycopersicon esculentum Mill.)
Ja-Ock Guh*, Sang-Eun Roh**, Yong-In Kuk*, Sang-Uk Chon*, Young-Man Lee* and Yun-Jin Oh***

Abstract

Tomatoes are water logged differently 0, 5, 10 and 15 cm, according to the developing stages
such as germination and seedling stage under the condition of greenhouse. Along with this, they
are treated according to the time condition such as 6, 12, 24, 48 and 120 hours. The results
obtained are summarized as follows.

1. The result at germination stage

Remarkable germination failure was observed when tomatoes were water-logged for 25 to 27
hours in the depth of 0 to 5 cm. Plant height recovered within 24 hours regardless of the water-
logging depths. In the case of leaves, the recoverable time limit became shorter gradually in
accordance with the increase of the water-logging depth. The decrease of the fresh weight showed
acute response in the shoot rather than the root. It recovered with the 24 hours of water logging.
Significant correlation was observed in all characteristics of plant height, number of leaves, fresh
weight and germination rates according to the depth of water-logging.

2. The result at seedling stage

Plant height recovered within the 24 hours of water-logging in the depth of 0 cm. On the
deeper level, there was significant decrease regardless of time. With regard to the number of
leaves, there was recovery up to 120 hours in the depth of 0 c¢m, up to 24 hours in the depth
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of 5 cm. There was, however, significant decrease when done for more than 6 hours on the
deeper level. Growth of the shoot displayed the same tendency as in plant height and number
of leave. The length of the longest root could be maintained by 80% in the water-logging of 0
cm compared with control. However in depth of 5 cm or more, it could not be maintained by
the 120 hours water-logging.

Root activity became conspieuously diminished with the logging over 0 cm. Respiration showed
conspicuous decrease by the depth of 5 cm as a turning point. On the other hand, photosynthesis
became decreased linealy by the depth of water-logging. Chlorophyll content displayed gradual
decrease up to 48 hours, but conspicuously decreased up to 120 hours according to the varying
depth of water-logging.

Dieases tended to increase according to the depth and hours of water-logging. Diseases would
be prevented by dint of insecticide, but there was no effect of fertilization.

Weight and number of fruit per plant displayed gradual decrease as the depth and hours of
water—logging became increased. Average weight of a fruit became increased. There was no
statisticaly reciprocal effects between the depth and hours of water-logging.

There was significant positive correlation among all the investigated characteristics, such as

traits of growth and yield.
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Table 1. Chemical properties of soil used for
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Fig. 1. Shift in germination rate (% of cont-

rol) of tomato seeds as affected by di-
fferent water-logging depth (cm) and
duration (hrs.) through germination

stage.
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Table 2. Variation(% of control) in plant hei-
ght, number of leaves and fresh
weight of tomato seedling germina-
ted under different water-logging
depth and duration through germi-
nation stage.

Plant Leaf number/  Fresh weight
height (em)  plant (g/5 plants)
Depth(Cm) Duration() ~7DAW®  7DAW  Shoot  Root

Water-logging

0 6 98 100 % %6
12 98 100 % %
2% %6 100 100 100
48 90 100 78 98
120 85 100 78 97
5 6 97 100 % 100
12 98 100 % 9
24 9% 100 94 %
48 88 92 78 100
120 49 2 50 48
10 6 98 100 % 100
12 9% 100 100 99
24 9% 100 94 100
48 60 87 67 )
120 21 0 3 2
15 6 97 100 94 100
12 99 100 94 %
b 9% 87 9% 98
48 60 3 72 73
120 20 0 33 n
LSD 5% 7 13 20 6
1% 9 17 7 8

F-test
Depth * * * NS * ¥
Duration *x ' 3 o
Depth x Duration ** *x NS **

*DAW : Days after water-logging treatment
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Table 3. Simple correlation coefficients

among germination rate, plant hei-
ght, number of leaves per plant, and
fresh weight of tomato seedlings ge-
rminated under different water-log-
ging depth and duration through ge-
rmination stage.

GR PH NL - FWS FWR

Germination rate(GR) 097** 098™* 095" > 098" "

Plant height(PH) 097** 0.95* * 0.97** 098**
No. leaves/plant(NL) 098** 095** 0.93* * 098**
Fresh weight(shoot)(FWS) 085* * 097** 093** 0.95%*

Fresh weight(root) FWR) ~ 098* * 098* * 098* * 095" *

* and ** indicate the significant difference at 0.
05 and 0.01 levels, respectively
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Table 4. Variation(% of control) in plant hei-
ght, number of leaves and fresh
weight of tomato seedling germina-
ted under different water-logging
depth and duration through seedling
stage.

Water-logging Plant height No.of leaves  Fresh weight

of per plant at  at 7 DAW

Depth(cm) Duration(h)  13DAW 13DAW  Shoot  Root

0 6 %8 98 100 103
12 9% 98 47 100
P % 98 88 100
48 %0 %8 87 %
120 & 9% n 8
5 6 & 3 97 100
12 7 9% 86 9%
U 63 % 86 82
4 3 66 9 8
120 0 0 0 0
16 6 78 % 100 100
12 80 9 90 100
% 70 90 82 97
48 4 66 17 2
120 0 0 0 0
15 6 i3 9 92 %
12 65 %0 86 89
U 65 87 86 (L]
48 3 46 10 18
120 0 0 0 0
LSD 5% 8 8 13 7
1% 1 10 17 3
Ftest

Depth * x * % > *
Duration * % * % * % *
DEPth X * *x *x **

Duration

*DAW : Days after water-logging treatment

3 Ee] HAL, 5 cmollME 24A7H7K] FBe] 7}
el o, 2 ol4de) ZoldlA A1 o] Azl
A 98U avE BorEsdch oleh fAMgE 2
A7} A E AR YAFFRAF)LEE F ¥4
o] HRon, 53] A3 ukgrtie AGRE ¥vhg

o o3t

BEYE B9 2~3vy EFE R BFFE
223ty 1597 S5 23, EFE5TF FEAA
T o] FIMESE BEI 4Fo] golzoH,
3 oldelAe 238 Asiste wegg 2gdx
ATk & #FTF FIbd st EFFY N9 K
2] &8l =Y Aol RAHFPLW, FEFY
ZEEDE AAKYR ch Byt ol Hxd
F-F Foe FR =38 oAU S
B2 AEL ded 2 37 & dF 99 F
7t ohel 43T ZHold ASFANHAY] dEel
FR EF o3 293 AsdArE oplEHAd
Rog Bt}

olg} e EntEe] IFFETE IFAH VIFH
adBANA B W, 542 A7 EYY FEFAGY
FadANE k- ¥ FF =7 A€ A
of3te] Aoy AFATE AT, FFH
L2 5% A}E 2T AR GFHGOED,
A Ay 2 ¥ 9, 0 cm FFolAE
Hge Aol dzvel 80% A2 419 & 2
QAT 5 cm o1 HolNE A Aold] AL
o] 120/t AFE S0 Brled Fxd ol
I ANTHIE 29 #HF). 53 2¥HL I9H=
o W& Aolx UARAT, HE3}F ol A=
gz vlsle] PAHA FHAEI YepEE &
F ARAHZY 29 +F). ol EvtESY A%
¥ FEROE F2F Fri2dE 27 US
< etz 3ok

Williamson®& 42 Q5] ZHH X Age)
AAHEd, 15~308 AANZE F4HA G|
R, 2474 7rold S AA7HA] olETin YL
%, A 23E Lopoz-Saez T2% B3 1} §l
t}. 53] 29N dE9d ATFEIEA ACCLI-
aminocyclopropane-1-carboxylic acid]7} ¥4 =0}
ARGAE FEdrtn JopPB®,

EYErIzdel EFAE 247 BolAE v
| F717F FoAL #L 4oz Wty 2wt
Fo] AF & % F4U EFdAE Aoz ¢
A ArHO. FAAu L] GAFd Fol e i



412 ¥=PAFFEAA A15P A4E (1996)
FE7t EvlEY 4K AUl JEgE vl R1P

= olg Z22u AR, ErntEe] FFPFA
HAY EFF AihTTe 10% ol =Hojof

10

(o]

(22

LENGTH OF THE LONGEST ROOT(CM)
£

N

ROOT ACTIVITY (ug/hr/d.w.g.)

Frie BHIx o,

FH Evted Af olg Dl FPAH
TEE HEE A 2 (A" 394 5 em
6

©

WATER-LOGGING DURATION(HRS)

Fig. 2. Change in length of the longest root (cm) and root activity (ug/hr/d.w.g.) of tomato seedli-
ngs as affected by different water-logging treatments through seedling stage.
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Fig. 3. Change in rates of photosynthesis and
respiration of tomato by different wa-
ter-logging treatments through seed-
ling stage.
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Fig. 4. Shift in chlorophyll content (% of co-
ntrol) of tomato seedlings as affected
by different water-logging depth (cm)
and duration (hrs.) through seedling

stage.
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Table 5. Variation in yield traits of tomato as
affected by different water-logging
treatments through seedling stage.

Water-logging No. of fruits Average weight Weight of fruit

Depth(Cm) Duration(h) per plant  of a fruit()  per plant(g)

Control 102 (100)* 77 (100) 786 (100)

0 ] 92 (90 77 (100) 71 (9
12 90 (8) 78 (101) 702 ( 89)

P! 90 ( 88) 72 (94) 648 ( 82)

48 80 () 78 (101) 621 ( 79)

120 85 (8) 64 ( 8) 40 ( 68)

5 6 80 (78 89 (115) 711 ( 90)
12 82 ( 80) 82 (107) 675 ( 86)

% 70 ( 69) 9 (117) 630 ( 80)

48 70 ( 69) 77 (100) 540 ( 63)

120 0 (0 0( 0 00

10 6 100 ( %) 66 ( 86) 657 ( 84)
12 100 ( 98) 63 (82 630 ( 80)

% 87 ( &) 67 ( 87) 576 ( 73)

48 6.5 ( 64} 86 (112) 540 ( 89)

120 0 (0 0(0 0( 0

)
15 6 72(7) 7 (%) 540 ( 69)
12 72(7) 86 (111) 620 ( 79)
% 65 ( 64) 92 (120) 583 ( 74)
4 60 ( 59) 89 (116) 535 ( 68)
120 0 (0 0(0) 0 (0
LSD 5% 10 ( 10) 14 (19) $9( 6
1% 13 (13) 19 ( 26) 66 ( 9)
F-test
'Depth x| x)  wx { *%) % ( x¥)
Duration *x (xx) NS(NJ #* ( =2}

Depth x Duration ** { *#) ** ( %)  *x ( *¥)

*Numbers in parenthesis are percent of control
in each column.
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Table 6. Correlation coefficients among growth, yielding traits and some anatomical and physiolo-
gical traits of tomato plants as affected by seedling stage.

PH NL CC

FWS  FWR LR RA NF AF  WF

Plant height(PH) 089** 075
No.leaves/plant(NL}) 0.89 0.92**
Chiorophyll content(CC) 0.75  092**

Fresh weight(Shoot)(FWS) 085 093** 091**
Fresh weight(Root)(FWR) 0.76  0.86 0.94**
Length of the longest root(LR) 083 086 0.87
Root activity (RA) 0.76 081 0.90**
NO. fruits/plant(NF) 078 064 0.61

Average weight of a fruit(AF) —040 —034 —030
Weight of fruit per plant(WF) 074 060 0.60

0.65

0.85 0.76 083 0.76 078 —040 074
093** 0.86 086 0.1 064 —034 060
091 0.94** 087 090" 064 —030 060

0.83 088 088 065 —028 065

0.83 085 0.82 070 —=046 058

0.88 08 0.84 072 -040 064

0.88 0.82 0.84 066 —024 0.75

0.65 0.70 072 066 —072 067

—0.28 —046 —040 —024 =0.72 0.01
0.58 064 075 0.67 0.01

Table 7. Change in visual rate of disease in-
jury after appllication of fungicide
(Benomyl) on tomato seedling as af-
fected by different water-logging
treatments through seedling stage.

Water-logging 5 DAT 13 DAT
Depth(cm)  Duration(h) No treatment Treatment No treatment Treatment

Control 0 0 0
0 6 0 0 0 0
12 0 0 0 0
2! 0 0 0 0
8 0 0 1 0
120 0 0 0 0
5 6 0 0 1 0
12 0 0 1 0
24 05 ] 1 0
48 1 0 15 1
120 9 9 9
10 6 0 1 0
12 0 0 1 0
4 05 0 1 0
48 1 0 2 0
120 9 9 9 9
15 6 0 0 1 0
12 03 0 1 ]
24 0.7 0 1 0
48 15 03 25 0.5
120 9 9 9 9

*Visual rate.0:no disease 9: death, DAT:
Days after treatment
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Table 8. Change in growth(% of control) at 20 days after fertilization of nitrogen on tomato seedli-
ngs affected by different water-logging treatments through seedling stage.

Water-logging Plant height (cm)

No. of leaves per plant

Fresh weight

Depth Duration Shoot Root

em @ el Toowtest NLTOToeest gn p et NT.OT ttest

0 6 39 38 NS 6.0 6.1 NS 101 92 NS 100 91 NS

12 38 38 NS 6.0 6.2 NS 93 92 NS 100 91 NS

24 38 38 NS 6.0 6.0 NS 89 8 NS 102 88 NS

48 36 37 NS 5.8 6.0 NS 86 86 NS 93 90 NS

120 34 35 NS 5.9 6.0 NS 76 77 NS 83 76 NS

5 6 34 35 NS 5.7 6.0 NS 91 94 NS 108 38 NS

12 30 38 *x 5.7 6.1 NS 87 8 NS 93 61 NS

24 25 23 NS 58 6.0 NS 71 72 NS 91 91 NS

48 15 16 NS 4.0 4.2 NS 8 16 NS 17 18 NS

120 - - NS - - NS - - NS - - NS

10 6 31 31 NS 55 59 NS 102 100 NS 97 104 NS

12 32 31 NS 55 55 NS 89 9% NS 9% 101 NS

24 23 30 NS 55 5.7 NS 86 8 NS 93 88 NS

48 18 10 . 40 4.5 NS 18 23 NS 21 21 NS

120 - - NS - - NS - - NS - - NS

15 6 29 30 NS 5.7 5.9 NS 99 99 NS 93 88 NS

12 26 29 NS 55 6.0 NS 88 93 NS 86 79 NS

24 26 27 NS 5.3 5.0 NS 88 85 NS 76 67 NS

48 15 15 NS 3.0 2.9 NS 10 19 NS 17 15 NS

120 - - NS - - NS - - NS - - NS

N.T. . No treatment T.:@ Treatment
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