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Effects of waterlogging on seed germination, electric
conductivity of seed leakage and developments of
hypocotyl and radicle in sudangrass
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Abstract. SudangrassSprghum sudanens&tapf) is a short-period forage species adapted to growth in Taiwan.

The objectives of the experiment were to determine the effects of waterlogging on seed germination, electric con-
ductivity of seed leakage and developments of hypocotyl and radicle in sudangrass and provide information for
selecting the lines with tolerance to waterlogging stress. Sudangrass, CV. Taishi No. 1, was used for the experiment.
In the germination test, the seeds were waterlogged for 3 days at 0, 1, 2 and 3 days after imbibing. The seeds
waterlogged at 0 day after imbibing had the lowest germination percentage. The potassium contents of the seed
leakages were increased and contents of both total sugar and reducing sugar in the seed leakages were decreased
with an increase in imbibing period. The relationship between germination percentage and electric conductivity
was negatively correlated (p<0.05), indicating that the electric conductivity could be used to evaluate the germina-
tion ability of sudangrass. For the emergence test, the sudangrass seeds were waterlogged for 0, 1, 2, 3, 4, 5, 6 and
7 days after sowing. The emergence percentages of sudangrass were not significantly different among treatments,
while the emergence rate indices and the corrected emergence rate indices decreased with the increase in waterlog-
ging period. This indicated that the emergence ability of sudangrass was reduced by waterlogging after sowing.
The hypocotyl or the radicle cortex of sudangrass with a low germination or emergence percentage was damaged
during waterlogging. The results demonstrated that: (1) the germination percentage of sudangrass was seriously
affected when seeds were waterlogged before imbibing, (2) the electric conductivity of the seed leakage could be
used to evaluate the germination ability of sudangrass.
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Introduction leakage is increased (Johnson et al., 1989), and electric
conductivity is increased (Givelberg et al., 1984; Lott et

Sudangrass$serghum sudanen$&tapf) is a short pe- al., 1991). The cell membrane deteriorates and the con-
riod forage species with high forage yield, droughttents of carbohydrates, amino acids, organic acids and ions
tolerance, tillering ability, and fast regrowth. It has high are increased in the leakage leading to an increase in elec-
amounts of crude protein and low amounts of crude fibetric conductivity when the seeds are waterlogged (Loomis
and hydrocyanic acid. It is adapted to growth in tropicand Smith, 1980; Mckersie and Stinson, 1980; Mukhear
and subtropic areassorghumspp. has been used for for- and Laidman, 1982; Simon and Raja-Harum, 1972). The
age in countries with a developed animal industry for aseed vigor can be evaluated by the electric conductivity
long time (McDonald et al., 1968; Sotomayor-Rios andof the leakage (Agrawal, 1977; Yaklich and Abdul-Baki,
Torres-Cardona, 1984). 1975).

The germination in this species is very sensitive to The root injury caused by waterlogging is due to oxy-
waterlogging. Decreases in germination ability have beemen stress in saturated soils (Drew, 1983). Drew et al.
attributed to a shortage of oxygen due to waterlogging1985) reported that many adventitious roots were formed
(Orchard and Jessop, 1984). Respiration and electrowhen corn was under oxygen stress. In addition, air space
transport are inhibited and ATP formation is decreasedievelopment has been reported in the cortex of the root
during germination when oxygen is deficient (Al-Ani et in several mesophytic species (Pezeshki, 1994). The ob-
al., 1985; Johnson et al., 1989; Tsai et al., 1997). Whejectives of this experiment were to determine the effects
the formation of ATP is reduced, the oxidation-reductionof waterlogging on seed germination, electric conductiv-
state between cell membranes becomes unbalanced aitg of seed leakage, and developments of hypocotyl and
membrane permeability is increased. Thus, the soluteadicle in sudangrass. In addition, the results provide in-
formation necessary to develop screening tools for select-
ing the lines with tolerance to waterlogging stress, thus,
improving field emergence and survival percentage of
sudangrass during waterlogging.
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Materials and Methods logging for 6, 5, 4, 3, 2, 1 and 0 days, respectively. The
seeds were incubated at 25°C with an 8 h light period. A

The seeds of sudangrass, CV. Taishi No. 1, wereompletely randomized design (CRD) with 4 replications

used for the germination test. Petri dishes with 9-cm diwas used. The leakages were taken to determine electric

ameter were used. A piece of sponge with the same diconductivity with an electric conductive meter (Suntex,

ameter as the dish was used and saturated with distillelodel SC 170). The germination percentages for each

water. One filter paper was put on the top of the spongereatment were calculated.

Then 50 seeds of sudangrass for each treatment were uni-

formly distributed on the filter paper. The seeds were waPot Culture with Waterlogging Treatment

terlogged for 3 days at 0 (51 (S), 2 (S) and 3 days Plastic pots 100 cm wide, 70 cm long, and 70 cm high

I('SBF)1 after i(;nbibing, i_n tTe incuﬁator_a(’;_Zf:C W?th ;m 8 hlwere filled with sandy loam soil to sow sudangrass. Fifty
ight period, respectively. Each Petri dish received 50 Mlgg oy o sudangrass were uniformly sown in two rows in

distilled water for waterlogging treatment. Another pigacethe pot. The pots were waterlogged for 0 (CK), 1)(\&
of sponge was put on top qf the sgeds to keep.them int ), 3 (W), 4 (W,), 5 (W), 6 (W,) and 7 days (W)
water d“”"!g the waterlogging period. A fa_ctonal des'gnaftezzr sowin3g, respéctively.SEach traeatment had four pots.
with 4 replications was used. The Petri dishes were PUFhe pot with no waterlogging treatment was used as CK.

in the incubator at 25°C with an 8 h light period. TheThe emerged seeds were counted and marked by tooth-
seeds were considered germinated when the radicl icks once a day after sowing until emergence was

re'ach'ed 2 mm. Germinated seeds were pounted Qnd 98Erminated. The emergence rate index (ERI), as proposed
mination percentages were calculated. Final germinatio y Hsu and Nelson (1986), was calculated as the summa-
percer!tages were arcsin-transformed prior to statistic on of emergence percentége for each day divided by the
analysis (Snedecor and Cochran, 1980). total number of days after sowing. A corrected emergence
L. i rate index (CERI), as proposed by Hsu and Nelson (1986),
Determination of Total Sugar in Seed Leakage 5 gbtained by dividing ERI by the final emergence per-
A 2 ml sample from the above-prepared solution wasentage and multiplying by 100. Emergence percentages,
taken. To it were added 2 ml 4%30,, and it was boiled ERI and CERI, were used to evaluate emergence ability
for 15 min. Then, 4% NaOH was used to neutralize it,(Hsu and Nelson, 1986).
and 4 ml copper reagent was added and boiled for 10 min.
To the cooled solution was added 4 ml ammoniumParaffin-Cut Section and Anatomy Observation
paramolybdate reagent (prepare_d Wit.h 509 ammonium The hypocotyls and the radicles of the above-mentioned
paramolybdate, 42 ml 96% sulfuric acid, 6 g sodium hy-yeatments were taken and prepared to do a paraffin-cut

grogllen darsenate and dri]Stlilcl)%d V\llatﬁ_rhto f'.“a'fe 1|00.0 ml) an ection for anatomy observation following the procedures
istilled water to reac ml. e final solution was reported by Lin and Yeh (1996).

used for determination of sugar content using a spectro-
photometer at 560 nm.

Determination of Reducing Sugar in Seed Leakage

Two ml of above-prepared original solution was mixed 160
with 2 ml copper reagent and boiled for 10 min. The _
cooled solution was added to 2 ml ammonium g
paramolybdate reagent, and distilled water was added to 2 °
reach 100 ml. The final solution was used to determine -§ 120 }
reducing sugar content with a spectrophotometer at 5603
nm.

Determination of Potassium Content in Seed Leak- 80

age

Potassium contents of the seed leakages from the above
mentioned original solution were determined by atomic 40t
absorption spectrophotometer (Hitachi E-6100) according d
to Thomas (1985).

y =-2.1708x + 222.55
. R?=0.7864

Electhic conductivity (um

Determination of Electric Conductivity of Seed 0 : ! . : ]
Leakage 0 20 40 60 80 100
. . . Germinati tage (%
Another experiment was designed to determine the ermination percentage (%)

electric conductivity of seed leakage. Sudangrass seeqsgyre 1. The relationship between germination percentage
were imbibed for 0, 1, 2, 3, 4, 5 and 6 days before waterang electric conductivity of the leakage from sudangrass seeds.
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Table 1. Effects of waterlogging at different imbibing stages of sudangrass seeds on germination percentage and leakage content

1
Germination percentage Leakage content (ug'Y

Treatment ) : :
(%) Total sugar Reducing sugar Potassium
S2 12.7 985.6 796.6 10.#4
S 60.7 859.4° 595.F° 24P
S, 63.3 692.9 576.4 39.4
S, 59.3 658.0 396.0¢ 75.2

2§, S, S and Sindicate the seeds waterlogged for 3 days at 0, 1, 2 and 3 days after imbibition, respectively.
* Means in each column followed by the same letter are not significantly different at 5% probability level.

Results and Discussion reports also indicated that potassium and soluble carbo-
hydrates were observed in the leakage (Givelberg et al.,
The germination percentages of sudangrass wer&984; Lott et al., 1991).
12.7,60.7, 63.3 and 59.3% for waterlogging 3 days at 0, The relationship between germination percentage and
1, 2 and 3 days after imbibing, respectively (Table I). Theg|ectric conductivity is shown in Figure 1. There was a
seeds waterlogged before imbibing had the lowest germinegative correlation (r = -0.88, p<0.05). The seeds had
nation percentage (So). The germination percentages @he lowest germination percentage and the highest elec-
S, S, and § were not significantly different. The results jc conductivity with waterlogging for the longest period.
indicated that the germination ability was drastically re- - . .
Some reports also indicated that a negative correlation

duced when the seeds were waterlogged before |mb|b|ngNas observed between germination percentage and elec-
~ The contents of total sugar, reducing sugar and potasyic conductivity in soybean (Yaklich and Abdul-Baki,

sium were determined in the leakage as shown in Tablg975), rice (Agrawal, 1977), and pea (Bradnock and

l. The contents of total and reducing sugars were depjattews, 1970: Perry, 1987). However, no such correla-

creased and those of potassium were increased with thgyn was observed in melon (Pesis and Ng, 1983) or bar-
increase in imbibing period before waterlogging. Somejey (Abdul-Baki and Anderson, 1970).

- g
el

Figure 2. Development of sudangrass seedlings waterlogged for 3 days at 0-1 day after imbibing (x50). A, Abnormal seed water-
logged at O day after imbibing §$B, Abnormal radicle waterlogged at O day after imbibing; (S, Normal radicle waterlogged at
1 day after imbibing (3; D, Normal hypocotyl waterlogged at 1 day after imbibing.(8B, Abortion.



270 Botanical Bulletin of Academia Sinica, \all, 2000

Figure 3. Development of sudangrass seedlings waterlogged for 3 days after imbibing. A, Normal radicle waterlogged at 2 days
after imbibing ($) (x100); B, Normal plumule waterlogged at 2 days after imbibiny (6&0); C, Normal root waterlogged at 3
days after imbibing (3 (x50); D, Abnormal root waterlogged at 3 days after imbibiny (€50). AB, Abortion.

Figure 4. Development of sudangrass seedlings waterlogged at 0-2 days after sowing. A, Normal root waterlogged at 0 day after
sowing (CK) (x100); B, Normal root waterlogged at 0 day after sowing (CK) (x50); C, Abnormal root waterlogged at 1 day after
sowing (W) (x50); D, Normal root waterlogged at 2 days after sowing) (W60). AB, Abortion.
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Table 2. Effects of different waterlogging periods after sowing on emergence ability of sudangrass.

Emergence percentage Emergence rate index Corrected emergence rate index
Treatment
(%) (% day') (day?)

CKe 66~ 2.97 457
W, 57 1.92¢ 3.37
w, 8 2.47° 3.09
W, 75 2.19¢ 2.84
w, 78 1.98° 2.5%
W, s 1.99¢ 2.53
W, 677 1.54¢ 2.29
W 58 0.9¢ 1.63

7

2CK, W, W,, W, W,, W,, W, and W indicate the seeds waterlogged for 0, 1, 2, 3, 4, 5, 6 and 7 days after sowing, respectively.
* Means in each column followed by the same letter are not significantly different at 5% probability level.

Figure 5. Development of sudangrass seedlings waterlogged at 3-7 days after sowing. A, Normal root waterlogged at 3 days aftel
sowing (W) (x100); B, Normal root waterlogged at 4 days after sowing) (W100); C, Normal root waterlogged at 5 days after
sowing (W) (x50); D, Normal root waterlogged at 5 days after sowing) (W50); E, Abnormal root waterlogged at 6 days after
sowing (W) (x100); F, Abnormal root waterlogged at 7 days after sowing (WL00). AB, Abortion.
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The emergence percentages of sudangrass seeds wéwgrawal, P.K. 1977. Germination, fat acidity and leaching of
not significantly different among waterlogging periods  sugars from five cultivars of paddy ric@r/za sativy seeds
(Table 2). However, ERI and CERI decreased as water- during storage. Seed Sci. Teéh.489-498.
logging period increased. This showed that emergencél-Ani, A, F. Bruzau, P. Raymond, V. Saint-Ges, J.M. Leblanc,

ability and speed of emergence were decreased by water- and A. Pradet. 1985. Germination, respiration, and adeny-
logging treatment. late energy charge of seeds at various oxygen partial

T pressures. Pant Physi@l9: 885-890.
The seeds waterlogged for 3 days before imbibing hacE&radnock, W.R. and S. Matthews. 1970. Assessing field emer-

the lowest germination percentage (Table 1). The anato- . .

) . . ence potential of wrinkle-seeds peas. Hort. R8s50-
mies of the seeds and the radicles showed abortion ¢ _ P ! i seeds peas
(F'gufes 2A.’ B). The radmles and the hypocqtyls of theDreW, M.C. 1983. Plant injury and adaptation to oxygen defi-
seedlings with Waterlogglng at 1 day after imbibing were ciency in the root environment: a review. Plant Sl
normally developed (Figures 2C, D). The hypocotyl en-  179.199.
largement and differentiation were observed in the seedBreW, M.C., P.H. Saglio, and A. Pradet. 1985. Larger adeny-

with waterlogging at 2 days after imbibing (Figures 3A_' late energy charge and ATP/ADP ratios in aerenchymatous
B). Normal hypocotyl development was also observed in - oots ofzea maysn anaerobic media as a consequence of
th? seeds with Waterlogging. at 3_days after imbibing improved internal oxygen transport. Plaa86: 51-58.
(Figure 3C). However, the epidermis of the seedling wagjyelperg, A., M. Horowitz, and A. Poljakoff-Mayber. 1984.
terlogged at 3 days after imbibing was aborted (Figure  solute leakage frorBolanum nigruni. seeds exposed to
3D). This was similar to the result reported by Pezeshki  high temperatures during imbibition. J. Exp. Ba: 1754-
(1994) and showed that the root epidermis was aborted 1763.
by waterlogging. Hsu, F.H. and C.J. Nelson. 1986. Planting date effects on seed-
Both longitudinal and transverse sections of the nor-  ling development of perennial warm-season forage grasses.
mal developing roots are shown in Figures 4A and B. The |- Field emergence. Agron. 28: 33-38.
epidermis of the hypocotyl in the transverse section wagohnson, J., B.G. Cobb, and M.C. Drew. 1989. Hypoxic induc-
abnormal with waterlogging for 1 day after sowing (Figure  tion of anoxia tolerance in root tips @ka maysPlant
4C). It was normal with waterlogging for 2, 3, 4 and 5 Physiol.91:837-841.
days after sowing (Figure 4D; Figures 5A, B, C, D), Lin, J.B. and M.S. Yeh. 1996. Development of embryo and en-
respectively. However, abortion was observed in the de- o_Iosperm derived f_rom selfing and interspectific hyb_ridiza—
veloping roots of the seedling waterlogged for 6 and 7 ~ tion betweenGlycine maxandG. tomentellaJ. Agric.
days after sowing (Figures 5E, F), respectively. The re- A.SSOC" Chinal 73: 17'.27' . .
sults explained the reason that the emergence gsoomis E.L. and O.E. Smith. 1980. The effect of article ageing

sudangrass seeds was more inhibited in the treatments ©" tge ?]orlcrintrragoni OLCS" gﬂ:aor;%(;l?inegnabibing cabbage
with longer waterlogging periods. Seeds. J. Amer. Socl. Hort. Rabees

B d I he el . ductivi fth Lott, J.N.A., V. Cavdek, and J. Carson. 1991. Leakage of K,
ased on our results, the electric conductivity of the Mg, Cl, Ca and Mn from imbibing seeds, grains and iso-

seed leakage could be used to evaluate germination abil- |ated seed parts. Seed Sci. Res229-233.

ity of sudangrass. The germination ability of sudangrasi/chonald P., A.R. Handerson, and A.W. Macgeger. 1968
was remarkably decreased when the seeds were water- chemical change and losses during the ensilage of wilted
logged before imbibition. Further, the emergence ability  grass. J. Sci. Food. Agrit9: 125-131.

of sudan.gra}ss was significantly inhibited by Water'ogg'“g-Mckersie, B.D. and R.H. Stinson. 1980. Effect of dehydration
A more inhibitory effect on emergence was observed in o |eakage and membrane structurédtus corniculatus
the treatment with a longer waterlogging period. The ana- L. seed. Plant Physio6: 316-320

tomical studies indicated that the hypocotyl and the radiclg; ,xhear. N.O. and D.L. Laidman. 1982. Mineral ion contents

were seriqusly damaged by Wa.t('arlogging. That led tol &  solute release and aspects of ion transport in embryos from
decrease in the emergence ability of sudangrass during germination low and high vigour wheat. J. Exp. B&3:

waterlogging. 619-630.
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