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The effect of acid rain on the nitrogen accumulation and yield com-

Ponents of soybean
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d the changes in nitrogen accumula-

tion and yield of soybean plants exposed to simulated acid rain at pH
5.6,4.0, 3.0 and 2.0 containing sulfate and nitrate (2.5:1). The pH
of cultivated soil at the upper soil layer (0-5cm from surface) ex-
Posed to simulated acid rain for 5 weeks was decreased with
Increasing acidity of simulated acid rain. However, there was no sig-
nificant difference in soil pH among any treatments for the middle
and low soil layers. Leaf and pod nitrogen accumulation in plants
treated with simulated acid rain at pH 2.0, were significantly low
than that at pH 3.0 or higher. The analysis of growth parameters

Abstract. This report describe
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showed that W (plant dry weight) - RGRA (relative growth rate based
on leaf area) and RGRP (relative growth rate based on pod dry weight)
for soybean plants at pH 2.0 during R5 stage were significantly lower
than those at pH 5.6. The yield component analysis indicated that
yield reduction was due to the significant reduction of 100-seed
weight and number of pods per plant caused by acid rain treatment.

Key words: Simulated acid rain, Nitrogen accumulation, Growth
parameter, Soil pH, Soybean.
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Table 1. Experimental and environmental parameters

Parameters Spring Summer

Simulated rain pH values 5.6, 4.0, 3.0 and 2.0

Frequency of application 3wk

Time of application 0800-0900h

Duration of application 20min

Simulated rain intensity imm

First simulated rain 5 April 14 Sept.

Last simulated rain 10 May 19 Oct.

No. of simulated rain event 15 15

planting 27 Jan. 19 July

Harvest began 27 May 26 Oct.

Avg daily temperature (°C) 249 26.9
during exposure period

Avg daily wind speed (m/s) 2.5 2.4
during exposure period

Avg daily precipitation (mm) 6.7 0.3

during exposure period

Avg daily solar radiation (MJ/m?) 13.4 12.9
during exposure period
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Table 2. The pH values of cultivated soil after the harvest of soybean plants exposed to simulated acid rain for

5 weeks
Soil layer
Rain
Crop season pH upper middle lower
Spring
5.6 4.73a 4.99a 5.08a
4.0 4.64a 4.65a 5.11a
3.0 4.35ab 4.60a 4.95a
2.0 4.19b 4.79a 5.12a
Summer
5.6 4.83a 4.87a 5.11a
4.0 4.82a 5.02a 5.20a
3.0 4.52b 4.93a 5.09a
2.0 4.11c 4.90a 5.15a

5-20 and 25-30cm from soil surface, respectively. Means with the

Upper, middle and lower soil layers are 0-5, 1
5% according to LSD test.

same letter within a column are not significantly different at

Table 3. Root dry weight and nodule number of soybean plants as affected by simulated acid rain

Tainung 15 Kaohsiung Select 10

Rain Root Nodule Root Nodule
Crop season pH dry wt. no. dry wt. no.
Spring

5.6 2.28b 65.25a 3.78b 65.25a

4.0 3.02a 70.25a 4.61a 69.53a

3.0 2.23b 69.75a 3.89b 60.57a

2.0 1.99b 63.01a 2.51c 31.75b
Summer

5.6 1.30a 38.17a 2.10a 65.93a

4.0 1.38a 37.25a 2.17a 69.14a

3.0 1.22a 43.33a 1.89ab 58.71b

2.0 1.08b 26.29b 1.54b 37.32¢

Means with the same letter within a column are not significantly different at 5% according to LSD test.
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Fig. 1. Changes of nitrogen concentration in the soybean plant in simulated acid rain

during reproductive growth stage of TN 15 (Tainung 15) and SSC 10 (Kaohsiung
select 10) in the spring crop season. Bars indicat standard error.
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Table 4. Plant dry weight (W), specific leaf weight (SLW), relative growth rate based on leaf area (RGRA) and

relative growth rate based on pod dry weight (RGRP) of soybean plants as afected by simulated acid
rain in spring crop

Exposure Tainung 15 Kaohsiung Select 10
period Rain
(stage) pH w SLA RGRA RGRP w SLA RGRA RGRP
gplant” cm’g” cm’em?d’ gg'd’ gplant’ cm’g?’ cmiemid gg'd
R3 5.6 23.1 1.2 76 - 20.2 1.3 2% J—
R4 5.6 35.1a 2.5a 5.2a 9.6a 38.1a 2.8a 16.9a 18.6b
4.0 33.4a 2.5a 4.6a 8.2a 34.7a 3.0a 14.6a 21.7a
3.0 33.3a 2.6a 6.3a 8.6a 34.4a 3.1a 14.4a 18.3b
2.0 34.9a 2.5a 6.8a 10.2a 32.5a 3.0a 16.9a 17.0b
R5 5.6 657.8a 3.0a 9.4a 12.4a 47.0a 4.3a 5.8a 24.7a
4.0 56.5a 3.0a 10.3a 12.8a 47.9a 4.4a 6.0a 26.4a
3.0 50.2a 2.9a 8.6a 14.3a 43.2a 4.1a 5.5a 27.8a
20" 40.3b 2.7b 0.8b 12.8a 33.4b 3.6b 2.4b 10.9b
R6 5.6 563.4a 3.5a -1.2a 12.4a 80.5a 3.6a -7.2a 10.9a
4.0 50.2a 3.4a -1.5a 12.1a 74.8a 3.6a -8.4ab 8.6ab
3.0 45.2b 3.5a -0.7a 8.8b 67.7b 3.5a -5.6a 6.5b
2.0 27.3c 2.9b -3.3b 4.9¢ 58.7b 3.4a -9.6b 3.7b
R7 5.6 56.7a 2.7a -7.8a 5.9a 102.0a 3.2a -6.6a 6.1ab
4.0 53.4a 2.7a -8.7a 6.6a 97.3a 3.0a -7.8a 7.8a
3.0 47.3b 2.6a -9.9a 5.2a 92.4ab 2.9a -7.2a 5.2b
2.0 26.7c 2.7a -0.8b 1.3b 61.4b 2.9a -16.0b 6:6ab

Means with the same letter within a column are not significantly different at 5% according to LSD test
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. RA) and
Table 5. Plant dry weight (W), specific leaf wgight (SLW), relative growth rate based on leaf area (hG )

i ted acid
relative growth rate based on pod dry weight (RGRP) of soybean plants as affected by simula
rain in summer crop

Exposure Tainung 15 Kaohsiung Select 10 -
period Rain
(stage) pH w SLA RGRA  RGRP w SLA RGRA RG"“"1
gplant”  cm’g” cm?cm2d' gg'd' gplant' cm?g' cmPcm?d’ j_gj,_
R3 5.6 24.8 2.7 31 e 18.4 3.2 18
R4 5.6 42.1a 3.1a 6.6a 12.2a 38.7a 3.9a 4.2a 12.7a
4.0 43.5a 3.2a 59a  13.7a 38.0a 3.8a 48a 1118
3.0 33.5a 2.9a 6.1a  14.8a 33.5a 3.8a 5.6a 1148
20 3742 3.0a 68a  14.9a 3292  3.7a 532 1472
R5 5.6 56.4a 39a  128a 366a  435a 47a  136a 2532
4.0 5072 41a  133a 397a 4392 48a  159a 2328
3.0 532a  39a 1292 386a  386ab 4.6a  13.9a 2928
2.0 39.6b 3.2b 84b  343a  345b 3.7b g6b  24.0D
R6 5.6 58.4a 3.5a -1.8a 12.9a 66.9a 3.7a -4.0a 768
40 S84a  34a  -19a  10.6ab 6522  39a  -40a  62°
3.0 58.2b 3.0a -2.6a 10.0ab  50.9b 3.1b -5.4a 5.00
2.0 53.9¢ 2.9b -6.5b 7.2b 48.6b 3.1b -7.2b 220
R7 5.6 73.0a 3.1a  -165a 8.9a 69.6a 33a  -18.3a 5.10
4.0 69.9a 32a  -156a 7.7a 72.3a 32a  -16.4a 57
3.0 56.9b  31a  .183a 7.0a  641ab 32a -17.8a 1.70
20 451c  28a  -104p 15b 5110 30a 2120 M2

Means with the same letter within a column are not significantly different at 5% according to LSD test.
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BTR  BAETFREZmY . IﬂB%ht%iﬁ@%Mﬁﬂf’ﬁ%ﬁ@ﬁﬁ%%?&?ﬂlﬁﬁmﬁ@ &

ﬁiﬁﬁﬂ&%ﬁi%uﬁﬁﬁmmﬁ’mﬁﬁmiﬁﬁﬁﬁﬁﬁﬁﬁﬁﬂ'w%ﬁﬁﬁ

TR o RHRSHARS . PH2.05:pH3.01t 3 & fi Fijigs 1 e 7g &
RETHERRE S HE Rt TR | B R

 Evk{itre . i ERHTES
RN 4632 R 2 1) « MBS 273 - Epstrap e S
BEATTHRE - B Rk

&ﬁ@’ﬁ%@?Zﬁgg TS A 2HNTRERR - 5%
18199428 4 AR R ER s 2

BEBEg= ~ F(Wang et al. 1984, Lu etal- l967)1:)<
‘ﬁﬁﬁ'ﬁmmmé%kEEMEﬁugwﬁa'%W*é%
_ Nmiﬁﬁiﬁiﬁﬁﬁkim%-m%)%E?E;ﬁi%ﬁ
'ﬁ%mﬁ%%ﬁgﬁ%%$%%ﬂﬁﬁﬂﬁ%$x§§ﬁ<@E%é@m&%§£%;
5 AR ﬁjiﬁjﬁﬁ ’ @lttTanaka(IQSO)ﬁ?g\%ﬁﬁﬁEj]% KT ERH Egmﬁu@%



348 M.H. Yao et al.

Table 5. Plant dry weight (W), specific leaf wgight (SLW), relative growth rate based on leaf area (hGRA) and

relative growth rate based on pod dry weight (RGRP) of soybean plants as affected by simulated acid
rain in summer crop

Exposure Tainung 15 Kaohsiung Select 10
period Rain
(stage) pH w SLA RGRA RGRP W SLA RGRA RGRP
gplant™ cm’g” em’em?d gg'd’ gplant” cm?g'  cmfomid gg-'d”
R3 5.6 24.8 2.7 31 e 18.4 3.2 18 -
R4 5.6 42.1a 3.1a 6.6a 12.2a 38.7a 3.9a 4.2a 12.7a
4.0 43.5a 3.2a 5.9a 13.7a 38.0a 3.8a 4.8a 11.1a
3.0 33.5a 2.9a 6.1a 14.8a 33.5a 3.8a 5.6a 11.4a
2.0 37.4a 3.0a 6.8a 14.9a 32.9a 3.7a 5.3a 14.7a
R5 5.6 56.4a 3.9a 12.8a 36.6a 43.5a 4.7a 13.6a 25.3a
4.0 50.7a 4.1a 13.3a 39.7a 43.9a 4.8a 156.9a 23.2a
3.0 53.2a 3.9a 12.9a 38.6a 38.6ab 4.6a 13.9a 29.2a
2.0 39.6b 3.2b 8.4b 34.3a 34.5b 3.7b 8.6b 24.0b
Ré 5.6 58.4a 3.5a -1.8a 12.9a 66.9a 3.7a -4.0a 7.6a
4.0 58.4a 3.4a -1.9a 10.6ab 65.2a 3.9a -4.0a 6.2b
3.0 58.2b 3.0a -2.6a 10.0ab 50.9b 3.1b -5.4a 5.0b
2.0 53.9¢ 2.9b -6.5b 7.2b 48.6b 3.1b -7.2b 2.2c
R7 5.6 73.0a 3.1a -16.5a 8.9a 69.6a 3.3a -18.3a 5.1b
4.0 69.9a 3.2a -15.6a 7.7a 72.3a 3.2a -16.4a 5.7a
3.0 56.9b 3.1a -18.3a 7.0a 64.1ab 3.2a -17.8a 1.7b
2.0 45.1¢c 2.8a -10.4b 1.6b 51.1b 3.0a -21.2b 1.1b
Means with the same letter within a column are not significantly different at 5% according to LSD test.

- EHERBD L B155: . R 10BE AR SR A TG o EIREAH 4 R HA(RGRP)ZERS
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RERTEREGEREER

ILLAE - J:th:@J@%ﬁEﬁzﬁEﬁﬁH‘ﬁ@ RERRE

$E°®%Mﬁﬁ'MﬂwhmmmﬁiﬁmﬁE@ﬁﬁﬂ%E'ﬁ%ﬁ%ﬁ?*E'ﬁ
Eﬁﬂﬁﬁﬁﬁﬁﬁ%ﬁm%&ﬁ*E'ﬁ&ﬁ%ﬁﬁiﬁ%ﬁoﬁﬁﬁ%%iﬁﬁ%ﬁé
BRI ROERIAT o
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RAMFRRTF2RE .

»Luetal. 1967) o
MERU TR . BERZ -
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e : BRS (BEteEmRERESR)
' BEORRER SRR . Elﬂ:ranaka(1980)5%’\%1%3&%73%71@&%89Egg%ﬂlﬁ122
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Table 6. Some agronomic and yield characters of soybean cultivars in spring seasons as affected by simulated

acid rain

Rain 100 seeds Pod Seed

Cultivar H weight no. no. Yield
i (9) (kg ha™)

Tainung 15 5.6 16.1a 38.0a 1.7a 1857a
4.0 15.2a 41.5a 1.5a 1876a
3.0 14.2a 39.1a 1.6a 1712b
2.0 11.8b 28.5b 1.5a 1307¢

Kaohsiung 5.6 14.0a 72.4a 2.0a 2129a

select 10 4.0 14.4a 69.2a 2.0a 2084a
3.0 12.0b 68.3a 2.0a 1984a
2.0 9.1c 56.7b 1.8b 1457b

—_— .

Table 7. Some agronomic and yield characters of soybean cultivars in summer seasons as affected by simu-

lated acid rain

\
Rain 100 seeds Pod Seed
i . Yield
i weight no. no ]
Cultivar pH o (e,
\
Tainung 15 5.6 13.8a 43.7a 1.9a 2006a
4.0 13.9a 45.7a 1.9a 2120a
3.0 12.6a 40.6a 1.8a 2050b
2.0 9.7b 20.8b 1.8a 1518¢
Kaohsiung 5.6 12.9a 88.3a 2.3a 22533
select 10 4.0 12.5a 78.2ab 2.3a 2123a
3.0 11.9b 77.4ab 2.3a 2097b
2.0 10.9¢ 70.1b 2.2a 1693¢c
~——— .
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