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Effects of Seed Inoculation of Rhizobium meliloti and Lime
Application on the Early Growth of Alfalfa(Aledicago sativa
L. cv. Luna) in an Acid Soil
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ABSTRACT

A field research was conducted to evaluate the effects of inoculation of Rhizobium meliloti and lime
application on the early growth of alfalfa, var. Luna, in an acid soil. Alfalfa seeds were inoculated by lime-peat
pelleting method with Aj strain isolated from alfalfa roots. Both inoculated and noninoculated seeds were
sown in acid soil (pH 5.5) with three levels of lime application (1,3,6 ton/ha) on mid-April.

Inoculated seeds produced many effective nodules in early stage and increased nitrogen and chlorophyll
contents of leaf, consequently stimulating alfalfa growth. Pseudo nodules were found in noninoculated, while
they were seldom formed in inoculated. Lime application increased soil pH, plant height, root length, and
shoot and root weight. Liming effect on nodulation was significant at first cut, but no longer after then.

Both inoculation and liming increased the forage yield of alfalfa. Inoculation and liming of 6 ton/ha
together produced the highest yield. As compared to control plot of nitrogen application, the effect of
seed inoculation only could be equal to about 120 kg/ha nitrogen application. The total nitrogen contents of

forage were little affected by number or weight of nodules and amounts of lime application.
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b Analysis of soil characters before experiment,

Exchangable cation

H c lom {p,0
pH | C.E.C. [0.M.] POs (me ,” 1008)

(1:5){@me ~100g)| (%) |(ppm) K Ca|Mg | Na

5.5 7.5 1.0 62 (09| 41| 14|11
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Table 1. Changes in soil pH and Mg according to the lime treatment.
. Before liming * After 3 months After 6 months
Lime Mg Mg Mg
H
(ke /102) P ppmy P (ppm) p (ppm)
100 5.5+ (0.1* 3.04 5601 3.88 5.9 0.1 3.28
300 5.5+ 0.1 3.04 58+01 3.72 6.1+0.1 3._46
600 55+ 0.1 3.04 6.3+0.2 3.96 6.5+02 3.12
*. Months after line application
+: Mean =+ one standard error
Table 2. Effect of inoculation and lime treatments on the number and fresh weight of
alfalfa root nodules at different times after seeding.
Wks after Number of nodules
Inoculation |y ime Seifldg- 9 weeks 11 17
(kg,10a) E* I P E 1 P E I P
et e e mm———— O /PlANt — - - - - - - — - - -
100 0 0 2 0 0 ‘ 1 0 0 1
Noninoculated 300 0 0 1 0 0 8 0 0 7
600 0 0 16 0 ) 3 0 0 3
100 21°* 59 0 69° 10° 0 1012 36° 3
Inoculation 300 41° 12 0 109¢  20% 0 204*  106® 0
600 81° 13¢ 0 196% 28¢ 0 235 145° 0
‘Wks after Fresh weight of nodules
Inoculation |{jme s?ffé’ 9 11 17
(kg,710a) E P E P E P
e e — = — —-mg/Plant~ ~ — — — -~ = — =~~~
100 0 2 0 6 0 1392
Noninoculated 300 0 1 0 992¢ 0 356°
600 0 4 0 64° 0 314%
_ 100 974 0 4307 0 7702 0
Inoculation 300 190% 0 930°% 0 1433% 0
600 363¢ 0 1563¢ 0 1363 - 0

* Means within columns followed by a same letter are not significantly different at the 5%
level according to Duncan’s multiple range test.

+ E: Effective nodule

I: Ineffective nodule P: Pseudo nodule
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Table 3, Root length dry weight and total nitrogen content of alfalfa according to the inoculation
and lime treatments at different times after seeding,

Inocul- Limete102) 9 Weeks after seeding 11 Weeks after seeding 17 Weeks after seeding
ated ‘ Root RootD W. Root Root RootDW. Root Root RootD W, Root
length(cm) (mg,/plant) N % length(cm)(mg/Plant) N % length(cm) (mg Plant) N %
Non, 100 12.5 57 1.94 12.7 123 114 243 647 1.20
300 14.9 120 1.75 19.4 543 122 26.2 1,190 1.06
600 14.7 207 1.64 21.9 800 1.25 308 1,963 1.05
Ino, 100 12.3 103 1.84 14.6 263 1.87 251 1,297 1.82
300 15.9 237 1.61 19.4 860 1.95 304 2,840 1.95
600 17.6 387 1.52 26.2 1,623 178 3386 5100 1.87
Source II]O_ . * * . * * ° * ¥
Lime *k *k *% *ok % *k
InoxLime . * . * . . *
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Fig. 1. Time course of plant height as related to
the inoculation and lime treatment (——)
: Inoculated (---+-- ) : Noninoculated
(O) : Lime 600kg,” 102,
(D : Lime 300kg,” 104,
() :Lime 100kg,” 10a
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Fig. 2. Chlorophyll content (a) and total nitrogen content (b) of alfalfa leaf and correlation between
them (c) at 6 days before 2nd cutting time, Bars indicate + | standard error of the mean,

N : Noninoculated I : Inoculated
3: Lime 600kg/ 102

1:Lime 100kg~ 102

2:Lime 300kg 10a
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Table 4. Dry matter yield and total nitrogen content of alfalfa as related to the inoculation and
lime treatment at different cutting time,

Dry matter yield Total nitrogen content
Inoculation Lime(kg,~ 10a) | 1st 2nd  3rd Ist cut 2nd cut 3rd cut
Total
cut cut cut Leaf Stem Leaf Stem Leaf Stem
------ —~*g, 102-—~~ ===

100 3.1 54 65 151 309 106 280 1.23 3901 148
Noninoculated 300 23.7 259 247 1743 303 117 297 120 404 1.66
600 337 415 84.7 159.9 301 109 288 141 428 191
Ave, 20.2 243 387 831 304 111 292 1.28 408 168
100 127 480 553 1159 436 192 419 171 393 176
300 33.8 116.9 110.3 261.0 476 1.88 424 170 424 178
Inoculated 600 102.0 154.6 1357 392.3 484 188 436 166 417 180
Ave, 48.5 106.5 100.4 256.4 465 189 426 169 411 178

Source Inoculation * * * *% *k *k *x . .

Lime *% % e *k . . B N o .

Ino. x Lime ok ok o . . . » . . .
LSD 05 Inoculation 18.3 589 732 1348 0.40 026 0.26 0.12 113 027
Lime 181 180 27.8 532 027 014 022 021 030 024

=, #» indicate significance at 0,05, 0.0] levels, respectively.
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Table § Correlation between nodule number, fresh weight and other agronomic characters in

inoculation treatment,

Nodule No, Nodule F, W,
Items Weeks after seeding Weeks after seeding
9 11 17 9 11 17

Plant height .900™ B30 .131% .975%* .892%* .123%
Root length .815** .810™ .242% .889** 910" .203™
Shoot D. W, .865** .933** .643% .048% 929 .043%
Root D W. .B30** 944 .730* .913%* .899* —.034%
Shoot N % —.169™ —. 069" —.423™ —.347™ .142% .09gs
Root N% —.636N —.028" . 449%™ — 495 — 270 .381%
Nodule F, W, 935% . 822¥* .186"¢ . . .

* ** indicate significance at (.05,

83k 64 2w BEE EREAA EhR
EHEI YV LEFZ FHAE 2E 24 4704
HMEMES AA=R) ggrt oY BHEE %
o] & of 4t BWA HkEd 2+ FAE &
Aglel YL 282X ¥ vzdHIE L T
gart a2z HAEF 9~11FME 2B AK
Al WE BEKEY BNy =X BERE B
KA L oA AEAe £Fe) Em=Edn AFF
173 A Bl ERERTE 2 BEY 2%
Bt ols =X BAER RESHE ALE 2
qrt. & #EFF 17TFANA AR BERATEAN =E
BREREe] Ao: gy FREAES Bt
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0.01 levels, respectively,

Table §. Correlation between total nitrogen
content and dry weight in inoculation

treatment,
Shoot N % Root N %
Items |Weeks after seeding] Weeks after seeding
9 11 17 9 11 17
ShootDW,/— 230 |.092 |-.268 [-.603 |~054 | .023
Root DW, |- 198 }.132 }-.174 }-.633 |=132 | .076

¢} Kennedy® = FKel fEMC) tigh Mo 2 Pg
HREE BEYo2A X% BERLE BRAAT
z rug et el XBUEER 2E EHEC W)
A &K TAlA Be vie} o] Yol 2% SEH
Z719 4% 4BM € B Y BEMI= 2
E XEHel A EES T Mkl AAEdn KE

Table’ 7. Correlation between total nitrogen content and yield at 3 different cutting time,

ltems Leaf N % Stem N % Plant height
ist cut| 2nd cut | 3rdcut | Istcut | 2rdcut| 3rdcut | st cut | 2nd cut| 3rd cut
Yield .509% 754%* | 4128 . 405" .581* .422%8 872% | 883 | 89T
Stem N % 947%F | 812% | .643% . . . . . .

* #x indicate significance at (.05, 0.01

levels, respectively,
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