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Varietal Difference of Growth Response
to Soil Acidity in Soybean

Hong Suk Lee®* and Byoung Yong Chung*

ABSTRACT

To obtain basic information concerning the soybean cultivar differences of physiological and ecological
responses to soil pH to select and breed stably higher yielding cultivars, and to improve cultural management
of soil differing in pH, the responses of soybean plants in growth, grain yield, nodule formation and its activity,
and major chemical compositions of soybean plants were investigated using six cultivars and two levels of soil
pH 5 and 7 of the pot and field experimental soil in Suwon, 1985,

Acidic soil condition suppressed overall vegetative growth of soybean plants and thereby decreased stem
length, number of nodes, leaf area, dry weight of the plants, root activity, nodulation and nodule activity, the
content of allantoin nitrogen, total nitrogen, phosphorous, calcium, and magnesium of the plants. Due to the
such responses of <rybean plants to the acid soil, grain yield also decreased along with less grains per plant.
However, the little difference in growth and yield of the cultivar Janbaegkong in response to soil pH'is con-
sidered to be a good source of breeding materials tolerant to acidic soil condition. In this regard Bongeui and
Oialkong also were relatively stable in the growth and grain yield under the different soil acidity conditions.

E % 293 3 4o wWEE dxe 5
Aol & el BRY &8 40 fimdd &7
dle] WEE QK@ 542 AU o4 viay
G4 xzA A E REBKE BY ¢ e K@Y A
4 3 43 eyl B S8l ERE

# E-

Selvee) e BkS) Agol AT ol
o) $evet AE ol & HEY BEY

)2 olo] FERIV6lA] R A3 HE AAY S o]}
e El mEe SRREE %FE) fslde
BRY BEKM 2 HEH WEBRHES BT
3} ol-ge] f@Ee 4% Y FR@IAE 2 HES
248 7} gl & Aolet

ol#] g BBol4l F FUL oln] KT w4
of o3t Ko KW %Rl wEkit K] o435t
o A7 g w} e}

a8 & AR AELKESY BEE BE

Klo] gtz Ao H@E AMmslck

KEY &£Ho ¢ Y45 pH 65 Y=
G2 A slev 9N = Bl A1 BREER])
£ T fafge} icta A Forth® & FA4 E
delAe Fo, Mn, Al o199 b2 BR Aol
doldetan &g 2= Shuman't & 2% pH ¢
< AL KFED] Mn o] Yo 34
i Gross 5% & RAM 9 T o3 ks
o] A #EES] Wiy EokAlTol olsld £ AggE

* A RMEE MFLAR (College of Agricultuze, Seoul National University, Suwon 170, Korea )
*k PR 1985 4K DEMSHE BREER A Jd. <1987.2 14 R

— 67~



wbz] okt m 3l ek Dilworth 92 A4 & ool
A= Aluminum toxicity & ST AgL 0
A Ed Hel+F Al HEI} RES BOA
7l 2 REE P2 @i 94 &Hste
Zolel dhdel

i —RiYeE KT URERE F2 &Y
25 gl Ao JEII EMERE SF
o] oJsle] HE 445l Allantoin H 4o &5
= Ao 4 A 9l+=dl Kushizaki” & &%
o o}sled m A Allantoin A4+ BATER Ll

fm
LM e

=

of 704 FA3 Frhsle] REM Aol T
A W8 HOR KT il @SR

ofel k4t 2 At m Yo TH9Y
A4 nAe dw= £% pHE 645~7212 ¢
o2 et

4 Sartain Y Kamprath'® 5-& Ale] ojg
wii A s &M Aolst Ud&E AGSIALE
FI0L sckind wE ATREY] 4F ¥ WE
REES] zlo]o} mEedt SEol ofsle] 3 msiedch

243 3}

#E U FE

X HREEe 1985 A dta e 45
FANA BB ¥ TEAY R 4dAsidle #§t
HREL 2450 it KEL <elsle dog
R E/T, BE T, 5T, &H4AA8
Y JdF 5o 67 FFolw Helv LHEEE
pH 5% 79 24F22 3dch

FEAYL EJAEE pHS S T2 23g +
e Ale HA Fed 14kgd AE oS FL
HulE FEY 2g4 sl 6A 180 XE
3 64 Y—3hl BEsd o BIFHR B2AE
o] HiRegel] 2 et 384 drlm fohich
BAke xXol vjd$ A HkRER 2L AL
g 2 ol AL Tl FA XEFE 44
Bo] £E A Nojrta] 2v 2ol 5 & 3 A
2ld 3XEeHd R#Eshch

MR- £ pHoE 50 AEq AL 4
Hile] o] KM 2%43tn 48 1084 &
o5re] Ao 10a% 350kg A5 AKE
Hsted pHS 7 Y7 58 ¢ 24 4
BEES 2KkHELE dle o]F XIER 3t RET
MER e 4KHY HHE BHEEes BRI
k. 58 2484 ol3du] 60cm, E7|4kel 15
em?} 1k 2A@oR spFstdos WHRERS N-
P-K& &%& 4-7-6(kg/ 10a)2 #3dch

£EHIML 7 48(FEAY) 9 TH 98
(Z3A8)3 ekl 8A 3 8(XEAY) ¥
8A 6B(ZAAE), zeln &It Ml 84 20
B(ReAY) ¥ 8H 158(ZA4AE)Y & 4&F
Bl £HEES Jell= &R, B, HWES ¥
T8 BYE ¥ SENI RAS f4an 2 %
YEI 2 EFH & 4k A Edie) muE
S/, 34, A4, e, 2§ 9 oadx g ¢,
222 Yy Hahe allantoin A4 §% L MM
HESIE S4lo BRI KrimBme ey &
1% BE WEdtdod WHBY BE, WK,
B, RE, RERY Y KES BRPY EABSK
€ BE =+ oskic
EGESRS o Lfatd #3ma 24
qRE AH TS weEes nwidn 2
2l BENE FME A4 22 a-naphthylamine #
22 mEstdo= B &S gas- chromato-
graphy (Shimadzu model GC-6A, Flame loniza-
tion Detector)Z ol-83t ofdl A 3t Wl 2 5o
et =¢ HAH 44 micro-kjeldally
22 ERsIGon A4 HL ko, P48
< atomic absorption spectrophotometer & o] -&
& dAFFg e 243525 allantoin P4 @
Z& Young & Conway 2| W™ ow 243}jsch
& REES iG] ZAL pHYl 5 FEQ 2
g 452 A4S Tol] HBAEKRE A
At o] MERE Te] H—sls] 2 oL
BAst] pH7t 7ol o258 Hnsldd 28y

Table 1. Chemical properties of the soil used for the pot and field experiment, Suwon, 1985.

Type of Expected OM. P,04 K+ Catt Mg+t Nat* Mn*t
experiment | Soil pH - (%)  (me/100g) (me/100g) (mef100g) (me/100g) (me/100g) {ppm)
Field 5 2.53 136.28 0.11 6.11 0.82 0.16 65
experiment 7 2.37 130.42 0.15 7.08 0.86 0.15 46
Pot 5 2.10 131.35 0.12 6.39 0.87 0.16 76
experiment 7 2.52 141.06 0.13 6.93 0.93 0.15 43
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Table 2. Soil pH measured at each growth stage of soybeans, Suwon, 1985.

Level of Soil pH measured at
Type ?f Soil pH planting vegetative maxxm.um e?r}y grain harvest
experiment (Expected date growth flowering filling stage

Soil pH) stage stage stage &
Field 5 5,2 5.1 52 5.1 5.1
experiment 7 6,6 6.7 6.7 6.7 6.8
Pot 5 5,0 49 5.0 5.1 5.0
experiment 7 6,7 6.8 6.8 6.6 6.7
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Fig. 1. Changes in stem length and node number of soybeans as affected by soil pH, Suwon, 1985,
V : Vegetative growth stage. M : Maximum flowering stage. S : Early grain filling stage.

H : Harvest stage. »,0 : pot, »,n : field, 0,0 : pH 7,
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Fig. 2. Leaf area and LAI at each growth stage of
soybeans as affected by soil pH, Suwon,
198s.

V : Vegetative growth stage. M : Maximum
flowering stage. S : Early grain filling stage.
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Fig. 3. Changes in T/R ratio and root activity of
soybeans as affected by soil pH, in Pot
experiment, Suwon, 1985,

V : Vegetative growth stage. M : Maximum
flowering stage. S : Early grain filling stage.



Table 3. Changes of dry ‘weight (g/plant) of soybean plants as affected by soil pH, Suwon, 1985.

T f - - S ial~
ype'o Growth stagelSoil pH Danyub- Jangbaeg- Jangdan- Hwanggeum Bo'ng Oial LSD 05
experiment kong kong baegmog ' kong eui kong
Vegetative 5 6.62 8.01 848 8.09 784 17.11 | Soil pH(A) =0.68
growth * Variety(B) = 1.17
stage 7 8.18 943 11.16 1129 956 894 [AxB=165
Pot Maximum 5 19.50 21.20 19.40 16.80 14.18 19.86 | Sail pH(A) =0.77
experiment | flowering Variety(B) = 1.33
stage 7 2802 2557 25.70 2492 2124 2195 |AxB=1.87
Early grain 5 2470 2764 2395 22.12 2335 20.77 | Soil pH(A) =191
filling Variety(B) = 3.30
stage 7 2699 3456 31.07 34.31 27.09 2643 | AxB=447
Vegetative 5 591 6.38 6.37 6.19 572 622 | Ay -A; =148
growlh Bl -~ Bz =1.18
stage 7 7.24 6.73 8.72 920 6.64 830 | A;B; — A3By; =167
A1B; — A3B; =208
Maximum 5 23.21 26.72 29.82 28.50 2394 21.10 ] Ay -A3=195
Field flowering By - B, =394
experiment | stage 7 2756 3021 3240 3144 2416 2769 ] AyB; — AyBy =557
A1By — A2B; =540
Early grain s 2943 3469 3278 3337 3132 28471 Ay —-A;=301
filling ’ By - B, =288
stage 7 3295 35.65 34.81 3487 3216 2931 ) AyBy — AyB; =408
A3B;y = A3B; =467
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Table 4. Nodulation and nodule activity of soybeans as affected by soil pH in pot experiment, Suwon, 1985,

Nodule number Nodule dry Nodule activity
Soil pH Variety weight (g/plant) (n-mole/plant)
\Y M S v M S M S
Danyubkong 69.0 93.3 94.0 0.40 1.40 0.92 915 521
JanglLaegkong 57.0 59.9 71.0 0.40 0.81 0.95 594 505
s Jangdanbaegmog 80.0 719 273 0.49 0.92 0.49 800 4206
Hwanggeumkong 82.7 64.5 49.7 0.55 0.78 0.51 776 445
Bongeui 51.3 50.0 50.0 0.44 0.62 1.13 627 557
Oialkong 61.3 419 347 0.44 0.99 0.76 818 497
Danyubkong 191.7 2319 101.0 0.62 1.65 0.53 1,585 770
Jangbaegkong 194.0 132.2 130.7 0.71 1.07 0.96 1,373 718
7 Jandanbaegmog 147.7 98.8 77.0 0.77 1.22 0.78 1,530 785
Hwanggeumkong | 260.7 167.6 203.0 0.91 1.12 1.09 1,821 902
Bongeui 121.0 - 1270 57.0 0.60 0.73 0.43 1,658 870
Ojalkong 1173 130.6 55.0 0.55 1.18 0.55 1,875 826
Soil pH 20.35 20.00 13.32 0.07 0.08 0.10 46.5 36.7
LSD .05 Variety 35.24 3464 23.07 0.12 0.14 0.17 80.5 63.5
AxB 4984 4898 32.63 0.16 0.19 0.24 113.8 89.8

V : Vegetative growth stage, M : Maximum flowering stage, S : Early grain filling stage.
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Table 5. Changes in contents of chlorophyll, allantoin nitrogen, and major nutrients of soybean plants affected
by soil pH in pot experiment, Suwon, 1985.

. . Vegetative growth stage Maximum flowering stage Early seed {illing stage
Soil pH Variety A N P KRG W T AN N P K G VWig T AN N P K G W
Danyubkong 0.71 0.47 588 1.78 3.73 1,99 0.34 0.73 6.77 5.70 2.13 3.73 1.39 0.39 0.72‘5.88 5.77 2.40 3.58 0.78 0.22
Jangbaegkong 0.75 0.68 4.40 2,03 3.88 1.02 0.36 0.75 7.57 5.33 1.85 3.88 0.78 0.22 0.76 5.70 5.67 2.37 3.42 0.78 039
Jangdanbaegmog | 0.71 0.58 4,17 160 3.58 1.15 032 0.72 6.89 4.12 2.29 4.19 0.66 0.22 0.73 4.56 4.48 2.23 3.42 139 0.32
s Hwanggeumkong | 0.87 0.75 4.66 1.57 3.88 1.15 0.34 0.88 7.49 431 1.88 2.76 1.87 0.29 0.88 4.64 4.47 2.19 3.42 1.15 0.29
Bongeui 0.5 0.80 497 1.81 4.19 1.39 0.39 0.77 6.43 476 199 4.19 0.90 0.27 0.77 4.23 5.0 1.99 3.88 102 0.24
Qiatkong 0.68 0.65 5.08 1.79 4.04 1.27 0.41 0.73 6.60 459 1.93 434 102 025 0.73 4.27 4.63 2.03 3.3 0.78 0.24
Danyubkong 0.87 0.82 5.99 1.81 3.42 1.51 0.39 0.89 7.42 6.25 2.38 3.58 1.5! 0.39 0.88 4.7]1 6.89 2.24 3.42 1.51 0.34
Jangbaegkong 1.00 0.66 5.89 1.99 3.73 2.24 0.41 0.95 7.59 5.47 1.97 3.73 1.51 0.24 094 5.76 6.27 2.41 3.12 1.63 041
7 Jangdanbacgmog | 0.90 0.81 $.37 1.84 3.88 1.75 0.39 0.95 7.09 596 233 3.73 1.51 0.29 0.95 4.59 5.60 2.24 3.42 1.39 0.34
Hwanggeumkong | 1.01 0.82 5.01 2.07 3.88 2.36 0.39 1.01 7.33 539 2.15 3.88 1.87 0.34 1.02 5.51 6.10 2.41 3.27 1.63 0.39
Bongeui 0.78 0.58 5.61 2.00 3.57 1.99 0.41 0.78 6.93 $5.70 2,04 4.34 1,99 0.36 0.80 4.41 5.6} 2.11 3.27 2.1]1 0.48
Oialkong 0.75 0.65 4.90 1.77 4.49 1.63 0,36 0.76 6.85 5.83 1.97 434 1.51 0,41 0.75 4.93 575 2.28 3.88 1.51 0.34
Soit pH(A) 0.04 0.25 0.70 0.26 0.40 1.17 0.08 0,02 0.61 0.18 036 1.19 0.40 0.09 0.0} 1.79 0.93 0.26 0.55 0.09 0.02
LSD .0S Variety (B) 0.06 0.14 1.18 0.37 0.58 0.84 008 003 0.50 0.42 0.44 105 0.82 0.06 0.02 0.77 0.93 0.27 0.79 0.41 00§
AxB 0.09 0.29 1.24 0.49 0.63 1.31 0.0 0.04 0.85 0.56 0.52 1.43 0.82 0,98 002 1.93 1.18 0.34 0.87 0.53 0.07

AN : allaatoin nitrogen content (mg/g dry weight}, C : chlorophyll content (mg/g fresh weight)

Table 6. Changes in contents of chlorophyll, allantoin nitrogen, and major nutrients of soybean plants as affected
by soil pH in field experiment, Suwon, 1985.

Maxi 1,

; . Vegetative growth stage ing stage Early grain filling stage
Soil pH| Vasiety € AN N P K C Mg € AN N P K C Mg C AN N P K C Mg

Danyubkong 092 0.43 6.36 2.02 4.19 2.30 0.63 0.97 7.60 6.62 2.04 3.96 2.57 0.45 0.91 4.45 7.16 2.66 3.50 2.57 091
Jangbaegkong 0.91 0.60 5.43 1.82 430 3.20 0.72 0.94 737 6.25 2.02 3.3 339 0.56 0.89 $.50 7.18 2.54 3.50 3.20 0.89

s Jangdanbaegmog | 0.88 0.51 5.13 1.83 4.65 2.02 0.72 0.84 7.29 5.83 2.03 3.73 293 0.53 0.86 4.63 605 2.59 3.50 3.57 0.86
Hwanggeumkong | 0.96 0.65 5.82 1.92 3.50 2.66 0.71 0.99 7.53 5.94 2.11 3.73 3.57 0.67 0.94 4.80 6.78 3.10 3.61 3.57 0.94
Bongeui 0.74 0.60 579 171 3.73 2.1t 063 0.78 136 6.10 198 396 1.84 0.56 0.76 4.19 6.10 1.67 4.42 233 0%
Oialkong 0.78 0.60 509 1.64 3.50 2.75 0.72 0.72 7.11 6.01 2.10 3,73 2,84 0.65 0.78 4,23 5.78 2.69 3.73 3.11 0.78
Danyubkong 0.95 0.86 6.28 2.02 3.84 2.30 0.62 0.97 8.07 6.74 2.01 3.50 2.53 0.42 0.94 4.55 7.03 3.05 3,61 2.57 094
Jangbaegkong 0.99 0.71 6.11 1.91 430 2.21 0.65 0.95 7.9) 6.49 2,02 4.19 3.20 0.44 0.92 5.08 7.32 2.7t 3.73 348 092

7 Jangdanbaegmog | 0.91 0.68 5.25 1.99 3.73 2.21 0.56 0.97 7.80 $.96 2.17 3.96 5.29 0.62 0.91 5.24 6.82 2.74 3.73 3.39 0.9]
Hwanggeumkong | 1.07 0.81 4.68 1.83 3.38 248 0.60 1.06 7.89 6.16 2.21 3.84 2.66 0.53 1.04 5.24 7.15 3.40 3.38 4.1) 1.04
Bongeui 0.38 0.58 5.51 171 350 221 D.62 0.77 1.23 6.20 2,08 3.84 2.48 0.60 0.91 4.63 6.31 2.84 3.84 3.37 09
lOialkong 0.80 0.64 5.52 1.71 3.84 2,57 0.67 0.79 7.23 6.47 2.10 338 1.95 0.47 082 4,72 6.72 2.72 3,73 3.29 0.32

Ay - Ay 0.0! 0.04 0.46 0.07 0.21 0.77 0.16 0.07 0.60 0.34 0.10 0.21 0.24 0.16 0.05 0.25 0.80 0.12 0.2t 0.18 0.08
By — By 0.04 0.08 0.63 0.11 0.31 0.57 0.12 0.06 0.61 0.50 1.12 0.29 1.20 0.1S 0.04 0.50 0.63 0.24 0.38 0.44 0.04
A1By ~ Ay B, 0.05 0.12 0.89 0.16 0.44 0.8]1 0.18 0.08 0.86 0.71 0.16 0.4} L.70 0.21 0.06 0.70 0.89 0.34 0.54 0.63 0.06
A1By - A3By 0.05 0.12 0.92 0.16 0.45 1.04 0.22 1.00 0.97 0.72 0.18 0.42 1.57 0.24 0.07 0.68 1.12 0.33 0.53 0.60 0.07

AN :; sllantion nitrogen content {mg/g dry weight), C : chlorophyll content (mg/g fresh weight)

LSD .05
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Table 7. Grain weight, pod and seed number per plant, grain yield, protein content of soybeans as affected

by soil pH, Suwon, 1985.

T ¢ Items | Pod number Seed number Grain wt. Grain vield  Protein content
ype o per plant per plant (2) (g/pot) (%)
experiment| ety SPH|T s 7 757 s 1 s 1 5 1
Danyubkong 41,2 588 63.7 87.6 1443 1439 236 33.7 389 43.2
Jangbaegkong 41.2 447 583 61.6 17.17 17.09 28.2 29.1 36.4 369
Pot Jangdanbaegmog| 35.2 48.0 50.0 68.6 2428 24.08 26.7 438 37.8 36.0
experiment| Hwanggeumkong| 360 41,5 61.4 67.0 28.19 27.82 430 47.0 363 386
Bongeui 375 390 573 593 23.51 23.01 250 27.5 353 419
Oialkong 310 344 495 503 22.68 23.09 27.0 31.7 39.0 404
Soil pH (A) 16.07 13.49 0.75 6.17 1.28
LSD .05 Variety (B) 10.51 23.36 1.30 6.97 2.22
AxB 14.87 33.04 1.84 10.48 314
. (kg/10a)
Danyubkong 588 67.0 112.2 1334 148 15.2 205 250 379 423
Jangbaegkong 546 59.2 105.2 1135 175 17.1 205 207 369 369
Field Jangdanbaegmog | 46.4 533 755 884 245 255 208 256 38.0 38.7
_experiment | Hwanggeumkong | 50.0 55.3 92.3 103.1 28.1 28.1 235 268 36.1 389
Bongeui 48.5 486 736 76.6 23,5 235 194 202 359 408
Oialkong 424 466 672 750 233 235 183 195 39.5 406
A; —-A 7.04 10.59 1.44 11.6 0.62
B; - B, 7.53 11.81 1.08 10.6 1.72
LSD .05 A;B, — AyB, 10.65 16.70 1.53 149 243
A1B, - A;B, 11.78 18.24 1.96 17.5 2.30
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Table 8. Correlation coefficients among five characters of soybeans measured at different soil pH levels

in field experiment, Suwon, 1985.

Soil Pods Grains Grains Grain. Grain

pH per plant per plant per pod weight yield
Pods 5 0.9315** 0.5551%* 04694* 0.4841*
per plant 7 0.8983+* 0.3305 0.4770* 0.3271
Grains 5 0.8172** 0.5303** 0.5343*+
per plant 7 0.6793** -0.5829** 0.4135*
Grains 5 -0.4457* 0.4924*
per pod 7 0.3727 0.4499*
Grain 5 0.3664
weight - 7 0.2830
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