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Effects of soil amendments on soil properties and population quality of rice in
cold waterlogged paddy field
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Abstract Long-term waterlogging with large amounts of reducing toxic substances of cold waterlogged soils and nutrient
unavailability has often resulted in deteriorated rice growth, reduced rice resistance to adversities, inhibited root growth/activity and
reduced rice yield. To explore feasible means of suppressing the negative effects of cold waterlogged paddy soils, a location
experiment consisting an open-ditch drainage was conducted to study the effects of different soil amendments (self-developed
desulphurization ash, biomass charcoal; and marketed lime, silicon-calcium fertilizer and humic acid) on soil Eh and respiration
intensity, microbial quantity and population structure, and rice yield and yield components. The results showed that different soil
amendments enhanced soil available nutrients contents and pH, while they did not significantly affected Eh except desulphurization
ash treatment. All soil amendments increased respiration intensity and soil microbes at different growth stages of rice, with a
significant (P < 0.05) increase in actinomycete population over CK. The respiration intensity and actinomycete population under
biomass charcoal treatment were increased by 67.6% and 127.6% respectively. All soil amendments increased rice leaf SPAD, tiller
number, dry matter accumulation, panicle number, grain number per panicle, yield, and root bleeding rate. Desulfurization ash and

biomass charcoal treatments presented most obvious effects. At 29 days after heading, the rate of root bleeding under desulfurization
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ash and biomass charcoal treatments increased by 45.4% and 39.1%, respectively. Also leaf SPAD at 29 days after heading was 27.4%
and 22.5% higher under desulfurization ash and biomass charcoal treatments over that under CK respectively. Dry matter accumulation
increased by 68.5% and 50.5%, panicle number by 12.1% and 10.7%, and yield by 12.8% and 10.3% at maturity stage under
desulfurization ash and biomass charcoal treatments over those under CK, respectively. In conclusion, different soil amendments
differently improved soil properties and rice quality. Desulphurization ash and biomass charcoal amendments had the best effects.

Key words Soil amendment, Cold waterlogged paddy field, Rice population, Soil fertility, Soil respiration intensity, Soil microbe,
Rice yield
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Table 1 Physical and chemical properties of soil amendments used in the experiment
N P K Ca0 MgO
Amendment Treatment code P (ekg)  (eke)  (eke)  (gke) (kg™
Lime T1 7.8 0 0 0 436.5 11.05
Desulphurization ash amendment T2 8.5 1.08 1.43 1.10 432.7 14.04
Silico-calcium fertilizer T3 7.2 0 0 40.10 184.1 8.84
Humic acid T4 6.7 6.75 0.12 1.00 20.4 1.41

Biomass charcoal T5 7.6 3.25 2.09 3.69 20.9 5.84
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13d 29d SPAD 502 (0~10 cm) ,
, SPAD [14]
> 1.3
Excel SPSS 16.0 , Duncan
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2d 8:00 , 2.1
2 R CK
1.2.4
(0~10 cm) ( , CK 11.7%
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1.2.5 pH 10.0% 6.6%
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*2 TERRFMKIEFEMmEMHERHTMN
Table 2  Effects of different soil amendments treatments on yield and yield components of rice
Treatment  Panicle number (x10%hm™)  Grain number per spike  Seed-setting rate (%)  1000-grain weight (g)  Grain yield (kg-hm™2)
CK 251.1%12.6¢ 132.3+17.6b 82.142.3b 21.6+0.9a 6564.9£152.1d
Tl 259.1+12.3¢ 139.6+15.3a 82.243.6b 21.4+1.2a 6 678.0£130.0cd
T2 280.5+14.6a 143.0£16.9a 84.3+3.5a 21.7+0.6a 7378.5£169.8a
T3 272.1£10.3a 140.0+14.1a 84.142.8a 21.3%1.1a 6 999.0£203.1b
T4 265.7+14.5b 139.8+16.8a 83.0+3.6a 21.6+0.9a 6 801.0£145.7bc
T5 277.9+13.7a 140.3£15.9a 85.4+1.9a 21.5%1.3a 7221.0£153.5a
Duncan P=0.05 , Different small letters in the same column show significant

difference at 0.05 level according to Duncan test. The same below.
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Table 3  Effects of different soil amendments treatments on soil fertility at rice heading stage
Treatment Organic matter (g-kg™) Available N (mg-kg™") Available P (mg-kg™") Available K (mg-kg™")
CK 35.70+1.2¢ 157+9.5d 22.3+1.7¢ 96.6+4.1d
Tl 35.75¢1.1¢c 166+8.6¢ 33.2+1.2d 103.5+3.4¢
T2 37.53+0.9a 191+14.2a 37.6£1.3a 112.64+3.7a
T3 36.71+0.8b 177+8.6b 35.1+£0.9b 107.944.5b
T4 36.63+1.3b 168+4.3bc 34.5+0.8¢c 107.4£2.6b
TS 37.88+0.9a 175+6.5b 36.9+1.3a 109.3£3.9b
2.2 >
1
’ x4 TEURFNKEBLARESHTYRARENFMN
CK > 30d > Table 4 Effects of different soil amendments treatments on
tt lati t diff t th st fri
30 d , , 50 d dry matter accumulation at different growth stages o rlce2
t-hm™
CK , m
P Treatment Pt J H M
CK 1.2+0.16b 3.5+0.98¢ 7.0+1.12d 9.3+1.63d
T1 1.3+0.12a 3.8+0.85bc  8.1+1.32cd 10.8+1.87c
500 r ——CK —O0—-T1 —A—T2
—% T3 —%—T4 o— T5 T2 1.5£0.09a  4.5£0.78a 12.5%1.97a 15.7+2.36a
— 450
T'E T3 1.4+0.15a 4.0£0.92ab  9.4+1.26b  12.8+2.03b
_'g 400 T4 1.3+0.23a 4.0£1.03ab  9.3+1.46b  12.4+1.98b
ﬁ X 3507 T5 1.540.18a  4.3£0.67a 10.2+1.03b  14.0+2.45a
il
B % 300 | Pt: Critical productive tillering stage; J:
2 250 | Jointing stage; H: Heading stage; M: Maturing
b5} 200 | stage. 4 5 The same as Fig. 4 and Table 5.
=
) M — 2.3
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A5 KEL Days aftertransplanting (d)
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Fig. 1 Change of tiller number of rice under different soil CK > 13d CK
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CK, s
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CK 37.6% ,
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Fig. 2 Effects of different soil amendments treatments on root bleeding rate (A) and SPAD value (B) of rice leaves after heading
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Fig. 3  Effects of different soil amendments treatments on pH (A) and Eh (B) of soil
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Table 5 Effects of different soil amendments treatments on number of soil microbe

Bacteria (XIOSCfU‘g’l) Actinomyces (XIOACfU‘g’l) Fungi (><103cfu~g’1)
Treatment T Pt J H M T Pt J H M T Pt J H M
CK 5.5¢1.2¢ 1.0£0.1a  1.8+0.9c 1.5+0.4b 1.0+0.1d 11.6+0.8d 2.5+1.2¢ 0.8+0.1d 0.5+0.02d 0.4+0.06c 12.1+3.2a  2.7+0.9bc 4.3=1.7a 1.9+0.7¢ 0.3+0.06¢c
Tl 2.840.9d 0.8+0.1b  0.9+0.1d 2.5+1.2a 1.6£0.5¢ 14.043.1c 2.1+0.5d 2.3+0.5ab 1.6£0.7a 0.7+0.01a 7.8+1.3¢  2.3+0.5c 1.9+1.2c 5.8+1.6b 1.2+0.3d
T2 4.5£23c 1.5£0.2a  2.1+0.7bc 1.1+0.9c 1.0£0.1d 20.6+5.2b 2.7+0.9c 1.940.6b 1.8+0.5a 0.1+0.02d 10.3+0.9cd 1.0+0.le 1.8+0.9c 7.9+1.2a 3.3+0.9a
T3 9.4+1.9b 1.1£0.1a  2.4+1.1b  1.4+0.3b 1.0£0.2d 15.7+1.6c 2.3+2.lcd 1.3x0.1c 0.8+0.1c  0.5£0.06b 9.4+1.5d 3.1:+0.4a 4.7+1.2a 4.4+0.6c 2.1+0.7b
T4 28.2+6.4a 0.8+0.1b  3.5+1.6a 1.1+0.1c 2.9£0.9a 18.4+3.4b 3.6+1.9b 1.2+0.3c 1.4+0.3b 0.9£0.08a 13.4+2.1a 1.5£0.8d 3.4+£0.8b 2.4+0.7¢ 1.8+1.0bc
T5 36.6+4.6a 0.7+0.1b  4.5+2.1a  2.1£1.2a 2.0+0.8bc 26.4+4.2a 4.2+1.8a 2.7+1..6a 1.24+0.1b 0.5+£0.10b 11.0+£3.2b  2.8+0.9ab 4.2+0.7a 3.1+0.8d 1.5+0.6¢
T: transplanting stage.
. [20]
2 2 b
s \ : CK  6.1%
TE=4a1k 0 0
65.5% 140.0%;

67.6% 68.2%

3 5 , , ,
) ) [21]
pH ,
pH CK 0.1 Eh 20.8%
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