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N GELEE - ERRTFEHRER - AN R EENEET CRE AL EE T
miE FHERETE (Middle East alfalfa) j¢Hunter RiverBE i1 Rk} » 23Rl — H ke HTEME - 43
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IR 17.6%5216.67%  FEHRAVAIER Y] By 5 IR 7 8 0ERiiss - S T4 BE 1A R STE Ik
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— P B R B A A R R O FR ZE R RN AL ] - IR WK BOR K I L
T 0 O BEECE 2 FH - RV /K U 5 th S R R SE 0T - iKW BT N B Y 8 B2 BERR TS
Gh o ATREE AR E I EA A B E R BRAEMAEYZZE - EZERHBZET (Drew,
1983) -~ ULERMHMNIIEZEL (cortex breakdown; lysigenous ) [ s 22 (gas-filled lacunae)
8 (Pezeshki, 1994 ) - Lin er al. (2001) $HHE ST A B HIRIEK - HHKETRZHE
E AR B R B S AT B - 4555 (2007) RIHEHY - 5o 8B M 3 2 SO 4 i B 09 1R 1 508
R - BENREE SRR EEY & DK SRR EGE  KBERET
Phytophthora megasperma & J¢. Colletotrichum trifolii B A SHEETERES > HAREEH (Barta,
1980) - Kawase (1974) 3R R/KisiE it B 2K EA L - MM e ISR RV AR - 5k
ZEE R > nJREEEE R (chlorosis) AYZE4: (Teustsch and Sulc, 1997 ; Teustsch et. al.,
2000) - AREFSEE R R PRET A T8 E L fE S AL Hunter River R SR ETE » TR FIZRET KA
FEAEBRHH KSR T - HES - W8 KAHBRG S 28 -

MEERTIIE

L. ¥t
KRB DR R B8 (Medicago sativa) 5|3 fiffiHunter River e R EfE (Middle
East) Fotift

. J5ik
(i) ARIRRER B LR KRB IR

1 EAT R IR A (BF) kEH (EF) #0115 X 2 X 2AREGHEE L2 KER
oo HEEEEE L > pH 6-7 > AWESES %/ o RG-SR AEIOA TIRE -

# | BFEE N AL EIE KRB 2

Table 1. Effects of waterlogging on the agronomic traits of alfalfa at different growth stages in spring crop

Cultivar Waterlogging Yield Fresh leaf Dry leaf Chlorophyll
stage weight weight content
kg ha! g plant™! g plant™ mg g’
CK 5485.0b° 12.0° 2.9° 20.6°
Hunter 4" Jeaf 4643.3° 24.8° 6.6" 17.8°
River 8" leaf 4594.3° 6.1° 1.4° 13.8°
Bloom 7461.7° 7.3° 1.7° 17.6®
CK 6688.3" 7.4° 1.8° 19.8°
Middle 4™ Jeaf 5904.3° 10.4° 2.2° 17.9%
East 8" leaf 6304.3° 7.3° 1.6° 20.1°
Bloom 8740.0° 7.9° 2.0° 15.4°

" Means with the different letters within the same column are significantly different at 5 % level.
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{THREEL m x 15 em > fEfESEIFEREITRRE T AR AR 150- 18007 ~ BEEF3008 /T f A L$H 140
~ 180N T /e A o TEAEMRAGEIN - SEEMA R AL » 43 HIEST A LHEZK 10K BEHE » FABRER 70 2 k&
£28%ET (CRD)  FREMIVYEYE » W/KEH . MKEE RS TS AL - FIEEAE - &
ERBEMR - HRERRIERESE > ERESTEZIE S77EMKOsborne and McCalla (1961) J
Wintermans and deMots (1965) - JIERFAMEKIEFFTFLEURO.1 g » ABRENICH HES0 % L
ZEVEH S ASS CHEIR/KEAIRE220/ R % - B LW E =10 ml - DOGE L ET (MILTON ROY
Spectronic 601) 649 5665 umiRz K1 E HIGE » B4k Wintermans and deMots (1965) fgH A
(6.10 X Agesom + 20.04 X Agsonm) HEHIEHA S & - ERR O REUEEHESHEKRECZ
w# (mg-g') -

(i) ANIRIRFHAFE K BHE RE iE

TR - IR PREITHERR T 4347 o — 23l R BRI ZGETT R Y1534 ¢

HIHE S © FIHKjeldahl method » E&E 2% > FHIELLI6.25 o WRPRABHE KA AL I A BRYE IR
(acid detergent solution » 1 N H2SO4 1 LJ[120 g cetyl trimethyammonium bromide ) DUff FETRET
(AKNOM 200 ) SE /NG » FFLABOK B PSRRI 242K » 100 CHEEZ ~ FREE ~ JiA iz R
BEPeiEAE (acid detergent fibre, ADF) o Hayeiliffe: A Sin A BE#R (neutral detergent solution,
NDF) DifFKilEizy (AKNOM 200 ) SEGRE1/INEE » DUBIK R PRI 254K > 100 CHERZ ~ FF
B~ A EEIREREAE (neutral detergent fibre, NDF) - GRMERE ~ 81 ~ §5 - 8%+ DU Sod
FALE S BIBER - BLSHESE (Olsen and Dean, 1965) FLEHIGE » #1 ~ §5 - SEHIDUR T
(HITACHI, Z-6100) #]%E ( Thomas, 1985 ) -

Giii) IR A R e
HR I K PR RS K 0K sk FICEARSRALRE & » RIS - 4]
P AR (1996) H7T » SE5BUsBRBLE - FEBEAIEIF # (SHANDON) 778 + 2 ]

* 2. AR HEANFL BRI 2

Table 2. Effects of waterlogging on the agronomic traits of alfalfa at different growth stages in summer crop

Cultivar Waterlogging Yield Fresh leaf Dry leaf Chlorophyll
stage weight weight content
kg ha™! g plant™ g plant™ mg g’
CK 43427 5.2° 1.5° 15.13°
Hunter 4™ Jeaf 1637.7° 8.7 2.4° 13.35°
River 8™ leaf 1421.0° 8.4 2.8 11.42°
Bloom 1254.3° 6.6° 1.7° 13.78"
CK 5525.0° 7.6° 2.1% 15.40°
Middle 4™ Jeaf 3904.3° 16.5° 3.8° 17.38°
East 8™ leaf 2537.7° 12.9° 3.1 15.96
Bloom 3179.3° 10.7% 2.8% 10.27°

" Means with the different letters within the same column are significantly different at 5 % level.
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FBAHL- i e B Y fhiE (Safranin / Fast Green Stain on Paraffin Sections ) J{T4sfh » B FrigHITA]
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FER

L. REIREEAFE K 4E R R B B iR s 2

AHZ} > Hunter River e FEREE TR K B FE & - $FLAFEK 10 R IGTE 2 BEA LI /K Ay B 5
ERbnE (£1) > B7461.758740.0 kg ha' » HREIEAH (5485.05,6688.3 kgha™') By - #EffE
B EERZE IR > P LLASEIRVE K BRI Ry i 0 ARy 8TEHA o TEIERRSR 2 J71Ai > Hunter RiverL¥f
TR B R A B $20.6 mg g HZUR4ZER] - B17.8 meg  BRIEHINIERE S E17.6
mgg o tHER T (R E AT K R T B 3 A B A R B AR e MR R > 154 mg gt e

HZ (3R2) - Hunter RiverEfEREE{W/KEE /NEEZHFREE R > LHE4EE
HA ~ SEEHH KBS A HASE pR I » /N R A 43 By 1637.7 kgha ~ 1421.0 kgha ~ 1254.3 kgha™' >
SR EIE 2 4342.7 kgha' -+ BE/RE /KB Hunter River i fE 5555 » BUAHIE i /k i 5%
HEAR - PREEREFZ/NEERRET KGR - EFAREGHR/KER /NG ER R
2537.7-3904.3 kgha™' » {KAAEIIE.25525.0 kgha'' o fE LA AREEMEIR - ANERER ) SERG B S /KR
PRI A Ry = > (RN L [N B M 22 A — B - ISR S T - SR R B R S5
EER KRG - RO ETENC SRS R R K )10.27 mgg SEREE 2 R
A FEK R I AR A 22 5 - HMEBEERMRE R CERERS) R -

K3 BFEHEAN AL TR 8

Table 3. Effects of waterlogging at different growth stages on the chemical components of alfalfa in spring

crop

Cultivar Watz:;igmg cp* Ca K P Mg ADF*  NDF'
%

CK 17.19" 1.32° 3.60° 0.17° 039  3331"  47.03®
Hunter 4™ Jeaf 18.63° 1.38° 3.45° 0.33° 0.42° 28.74°  41.43°
River 8" leaf 17.48" 1.41° 3.48° 0.21° 0.40° 29.78°  42.72"
Bloom 15.96" 1.53° 2.69° 0.87° 0.38" 35.19°  48.70°
CK 17.59"  1.35° 3.33° 0.50° 0.43*  31.44™ 4376
Middle 4™ Jeaf 18.49* 1.28° 3.38° 0.56 039"  28.41°  41.19°
East 8" leaf 15.74° 1.41° 2.86° 0.55° 0.37° 35.47°  49.24°
Bloom 15.95%® 1.55° 3.09* 0.80° 037° 3293  46.84%

* CP: crude protein, ADF:acid detergent fibre, NDF: neutral detergent fibre.

" Means with the different letters within the same column are significantly different at 5 % level.
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1. TR [R5 o

HEBSECAM BT (%3)  Hunter RiverEI7EfA R » & Wk RFIRIRIE [ - BSR4 %
EEE IR - B R 2 R > SIS TERT K BRI S R © M RIR35.19%
48.70 % » DIAZEN] B S HEHTHE K BEBIMYADF B NDFA(Ef - holl NS Bk sk (363) » 438
S K R MR 1 2 R Ro18.49% , SEEHTHE/K IR R 11 2 LR 1 15.74% = B ~ %
PR o AWK I AR R M 5 o o TR G SR HOIR D - TERRAE I /K B
ADFNDF& &

Hunter River{E ¥ ZES3EM K B AE RIS + MU EIE & A AIE 15.77% 8 14.16% » e
R ASE & ROEEE IS R (R4) - /K ErSIRATE R ST & Ry Tl - (ERTCIINGE
BB 2E B - 83 R LR BB 95 2 S I B 5« B TEITZ ADFBINDF & i i > 15
SEERE VIO R - PR RN 1 & RACEE IR A 13, T0% I G - 435101 K28
SENELLE B PRS0 o B~ BT SSRGS - M3 WK PR I L T S B e 2 B -
I (KRR - ADF BNDF & R BUS REHE A - SIS ) -

I AN [AJRF A /K AR A i S 2

i Hunter River 575 ke B ETE 20 A A 4ZE ] ~ 8ZEM] ~ BEAEI S B IR T /K R B AR A LA T
JHEUERARSRER AL - A 8] Fr Bl 2R B Wk B E R ARET A B - Hunter River 5 75 AURHARY) A
BUR - EEIRGH C(E1-A) AR AARRR I > SRS e e SRl A o e B Ay 3 52
fEME/KJTHE ([E1-B, C, D) - AJDIBEI4ZE - 8% R B ARSI A Bl 15T - [E]1-B 8L
7K i PR ARER A U H B B A - AR B R A - STEIIHIINE e (E1-C) - BEAEHZAREL R
@I gL ([E1-D) -

% 4. HRETE AL B LS R A 2

Table 4. Effects of waterlogging at different growth stages on the chemical components of alfalfa in summer

crop
Cultivar Watzz;;gegmg cp? Ca K P Mg ADF*  NDF'
%
CK 17.60™ 1.03° 2417 0.25° 0.38° 30.32°  46.68°
Hunter 4" Jeaf 18.07° 0.98° 2.42° 0.29° 0.35° 30.16°  4522°
River 8™ leaf 15.77° 0.98° 2.50° 0.20° 0.30°  33.87"  50.52°
Bloom 14.16°  1.02* 2.17° 0.20° 0.21° 35.64°  51.85°
CK 16.67" 1.00° 2.34° 0.27% 0.36° 32.20° 49.41°
Middle 4™ Jeaf 16.19° 0.99* 2.21° 0.29* 026  32.55%  50.37%
East 8" leaf 16.09° 1.00° 2.35° 0.24% 0.30°  33.63  50.65%
Bloom 13.70° 0.99* 2.09° 0.22° 0.24* 36.18*  53.19°
As shown in Table 3

" Means with the different letters within the same column are significantly different at 5 % level.
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FPERETERAIRYI A (E2) - e REHE e = A HEKRIEDC T - FEREYT R R e i
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/KRR A R B VIR B LR ([812-C) > ARSHHE RS e fl [ 2 B I A R R 1B T -
JEERRIIRE BRI ISTE - Bl kg B - IRV R T A Ry R 4 ([&2-D) -

Fil Hunter River 5 o oS 5 B A /KAR TR AC FR RO SRPM Bl 2% - SIUAIROE L 2 ok & &
EEN AR EI R BRI ARE ROk e E ' (E3) -

S

FEBR TR FEAFRWK - HE R BUR A8 SRR BB K L0 R AR ARG b W R i e 32 i
(F1) - BHEFRAIFTE KRB ESSIRERBE (£R2) > RERTREZEFTR LR

=
J&

1. Hunter RiverE7 & Z /K 10 RERARELZ W) il (X60) -
Fig. 1. Longitudinal section of Hunter River alfalfa root observed at harvest stage after waterlogging at
different growth stages for 10 days in summer crop ( X60) .
A : Normal root, control.
B : Abnormal root, waterlogged at 4™ leaf stage for 10 days.
C : Abnormal root, waterlogged at 8" leaf stage for 10 days.
D : Abnormal root, waterlogged at bloom stage for 10 days.



M 80 2R 199

#AE > Barta (1980) f8H 3SR S#E Phytophthora megasperma & . Colletotrichum trifolii B
HEERES - HREZ TR - RERE SRR ISEE > (HER10R AR » [k k
5 L ISCRE T A pl S SN R SR BRI & AR TR fa EARTE - RISk ZE s E TR
FyfE - Hunter River E75 & R B fE 1B T4 L S SR /G i EE IR » & IR By T R4 4ERA
T STEHAM I W /K P il i A i B R VR ~ EBIE T (ERERAT) » #5555 (2007) feiimk et
B TE TR T 3 4 I B A SRR o BRSSP IR EE B WA GU R IR IR A B BB S WK 555
(Teutsch and Sulc, 1997 ) - Hunter River {75 8 S B IRFIAZER] S BEAEHIRHEL - HEGERITE
T > ANZERE SRS B RANSE < SEIRTTREE R R M /K SRS AR SRy SR B A HA s ZIFHBE - (R O &
B - AR AT EL (Johnson and Drew, 1984 ) - 534} » Barta and Sulc (2002) 5H#KE
AR HEIEAERE IR K 1L 5P (Total nonstructural carbohydrate, TNC) Hy& & » LH SRR
SR 21K ETEMR A « RGBS AR LB ER Bl S T AR Aok b A B0 ARSI R H R
Wk Rr 2 S A A PR B A 157« Hunter River =7 K W R 5 A1 B 25 A [F] 4 B HAM /K&

2. FEREE E WK 10K Z MU FriE (<60) -
Fig. 2. Longitudinal section of Middle East alfalfa root observed at harvest stage after waterlogging at
different growth stages for 10 days in summer crop ( X60) .
A : Normal root, control.
B : Abnormal root, waterlogged at 4th leaf stage for 10 days.
C : Abnormal root, waterlogged at 8th leaf stage for 10 days.
D : Abnormal root, waterlogged at bloom stage for 10 days.
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EER R (R2) - BHEFWNEERPIINVRESREITSZ - BRATEEMZ RS o R
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B BRAEEY) > B TSR A BRE - B BB ZE/KERE NG E R R
Teutsch and Sule (1997 ) Fky WIREE K=l N WK SO 7 2 A B SRR IR 1 - Bl B %
Yt (Barta and Schmittenner, 1986) FTE( > ERER K EIIEL - FRIE 1 2782 B /K &S i iTE
R AR ER AR IS T - Barta (1980) ZBIEFEE30°C Si/k3 R - BIEMHE KHEE - 1622°C
HARORA FIEAIRG I - BURE SR TR EEN SR E - I HERAKENEC -
It AL E KB EEN S S LB -

EIfEERKERE T » HARIRIAH AR el 2 2IRaE - fEARE b - RiEa@gy g 538
TERIVIES » BT AZE S SEEH B R W /KU B - W HAR SR SR BB IARE K > iE [
(R Bl Teutsch and Sule (1997) 5 HETE A S i A E B B W /K 5 S HE G HR B PV vk 2 21 15 K A
TAEEML -

3. HHH R Hunter River Ei1E E FRACHIM/K 10 REAREZ Y] i (X60) -

Fig. 3. Transverse section of roots of Middle East and Hunter River alfalfa observed by polarizing microscope
at bloom stage after waterlogging 10 days in summer crop. ( X60) .
HR : Hunter River ME : Middle East.
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Effects of waterlogging on forage yield, quality and
root histology of Alfalfa (Medicago sativa L.) ¥
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Abstract

Alfalfa ( Madicago sativa L.) is an important perennial forage legume for dairy cows in Taiwan.
Growth of alfalfa is inhibited when it is waterlogged. The objective of this study was to determine the effect
of waterlogging on forage yield, quality and root histology of alfalfa. In this study, cv. Hunter River and
Middle East were used. The plants were waterlogging at 4™ leaf, 8" leaf and blooming stages, each for 10
days both in spring and summer crops. The non-waterlogging treatment was used as control (CK). The results
showed that no significant effects were observed on forage yield or agronomic traits by waterlogging in spring
crop. However, in summer crop there were obvirous effects on forage yield after 10 days of waterlogging
in each growth stages. Forage yields of waterlogged Middle East ranged from 2537.3 to 3904.3 kgha™,
comparing to the control, 5525.0 kgha™', while those of the Hunter River ranged from 1254.3 to 1637.7 kgha™
by waterlogging at different growth stages when compared to the control of 4342.7 kgha™'. The contents of P,
Mg, K, Ca, ADF and NDF of alfalfa were also affected by waterlogging. Serious damage was observed in root
tissue waterlogged at 4™ and 8" stages. The carbohydrate sink in the roots was also affected by waterlogging.
More significant effects were observed when waterlogged at 4™ and 8" leaf stage than at blooming stage for
both in spring crop. In summer crop, the growth of alfalfa was affected more seriously by waterlogging at

different growth stages. Further, forage yield, quality and roots histology of alfalfa were badly affected.

Key words: Alfalfa (Medicago sativa L.), Waterlogging, Growth, Histology.

(1) Contribution No.1374 from Livestock Research Institute, Council of Agriculture, Executive Yuan.

(2) Forage Crops Division, COA-LRI, Hsinhua, Tainan, Taiwan, R.O.C.

(3) Former graduate student, Professor, Graduate Institute of Agriculture, National Chiayi University, Chiayi, Taiwan,
R.O.C.

(4) Corresponding author, E-mail: pjf13@mail.pingjen.gov.tw



