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Effects of different soil additives on rice yield and utilization of nitrogen and phosphorus in the Tai Lake region

LIU Ya-wen'?, MA Zi-hou', PAN Fu-yan’, YANG Lin—zhang', XUE Li-hong"
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Abstract : Agricultural nonpoint source pollution has been one of the main causes of water eutrophication in the Tai Lake region. Biochar,

microbial agents, and nitrification inhibitors, individually or in combination, were added to the paddy soil in this study in order to evaluate

the effect of different soil additives on paddy nonpoint pollution control. The effects on rice growth and yield, N and P uptake by rice, N and
P concentration in surface water, and soil nutrient status after harvest were investigated. The results showed that all the soil additives en—

sured rice growth and promoted yield, with biochar, biochar combined with microbial agents, or nitrification inhibitors significantly increas—
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ing rice yield by 57.5%, 66.1%, and 45.4%, respectively, compared with the treatment without soil additive. The biochar combined with mi—

crobial agents treatment significantly increased the plant N uptake and N recovery efficiency, but all the treatments with additives signifi—
cantly improved the agronomy efficiency and physiological efficiency of N, with the biochar treatment and the biochar and microbial agent
combination treatment performing the best. Compared to the treatment without additives, the treatment with microbial agents increased the
total N concentration in surface water, whereas other treatments, especially the treatment combining biochar with other additives, significantly
decreased the total N concentration in surface water for the basal fertilizer stage. At the panicle fertilizer stage, all treatments with additives,
except the combination treatment of biochar and microbial agents, obviously increased the N concentration of surface water. The total P con—
centration of surface water increased slightly at the basal and panicle fertilizer stages, but the difference was not significant when compared
with the treatment without additives. No significant difference was observed in the soil fertility between the treatments with and without soil
additives. For comprehensive consideration of yield, nitrogen use efficiency, and nutrient loss risk of surface water, the treatment combining

microbial agents with biochar was best for maintaining the high paddy yield and reducing nutrient loss risk during the early fertilization period

of the paddy. Therefore, this combination treatment is promising for controlling nonpoint source pollution in the Tai Lake region.

Keywords: paddy; soil additive; yield; nitrogen use efficiency; nutrient concentration in surface water
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Figure 1 Rice growth indices at different stages
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Figure 2 Change of TN concentration in surface water after fertilization

TR SR B (EITA S 0 R A B X B 2 [R] 3
JoR R T S KRB E R R T
PO 1d 1y 0.192 mg- L BMEEE 7 d i 0.239
mg- L7, AAbHZ AIERRARIS 5 3 d PR R B
25 FTX AhPRAEREAR S 56 3 d 1B 3 7 Y SF 4h#
FJ.FT FJT F1 FTX 4 /™ 4b PSSk FE AR IS 56 5 d
S 7 d B SF AR, {55 A it IR Ak L 2 (]
ZRARE. SAERNELIE R, ZOE i AR
T RE A FH R K SR B S IR At R AR T 1
SRR R, B0 TR 2% 1A RS



1400

VeQlE7N=FRE-t= 2l 55 36 &5 7 HA

TP/mg-L™

TR 5 P 1) /)

0.4

0.3

02+t

TP/mg-L™"
B S

o,

0.1}

w
L

it F s i) d

TP/mg-L™"

it AE J5 RS [E] /d
WrT  MET  E@FX O EFTX
B 3 3 kG EfREEBmEK TP HNEhisEt

Figure 3 Change of TP concentration in surface water after fertilization
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Table 3 Plant and grain phosphorus content, plant phosphorus

uptake under different treatments

IR AR e kg PRI AR g kg AR B /g 2

NF 3.29+0.05a 4.05+0.14a 0.53+0.05b
Sk 3.59+0.05a 3.76+0.14a 0.75+0.02a
FJ 3.54+0.26a 4.50+0.64a 0.71+0.09a
FT 3.34+0.20a 4.00+0.46a 0.82+0.07a
FIT 3.28+0.22a 3.71£0.34a 0.86+0.19a
FX 3.58+0.05a 4.18+0.11a 0.79+0.04a
FTX 3.33+0.10a 3.94+0.24a 0.77+0.11a

& 1 AEAERKFEM_ EAREY ST~ R EAMAEFHIE

Table 1 Effects of different treatments on rice aboveground biomass, yield and yield components

R Ab T o AR AR e A g O AREEURE- 2 Rk - R HESLH1% TR HL /g - 1000 A7
NF 161.55+13.92d 79.42+4.49¢ 23.00+2.29¢ 124.3+1.8de 97.22+0.45a 28.68+0.29abc
SF 209.72+6.90bc 83.92+9.23¢ 28.00+2.29b 116.0+2.5¢ 96.00+0.62a 26.95+0.37d
FJ 202.55+23.97¢ 95.67+14.58¢ 31.00+3.12ab 115.0+4.0e 95.88+0.64a 27.89+0.19bcd
FT 245.81+15.13ab 132.15+7.43a 34.00+0.87a 141.0+4.5abe 95.98+0.15a 28.72+0.48ab
FJT 262.41+£39.47a 139.34+22.18a 34.00+3.77a 145.3+4.2ab 96.86+0.28a 28.99+0.28a
FX 222.38+15.71abe 104.70+13.59bc 29.50+1.73ab 129.7+5.6¢cde 96.31+0.54a 28.35+0.04abc
FTX 231.19+23.80abc 122.04+19.29ab 28.50+3.97b 154.3+1.7a 96.37+0.43a 28.75+0.39ab
1 BRI ING FBE R R A P R] 22 535 0.05 BEKF-. T,
&2 BRWYF AHEKIER
Table 2 Related indicators of nitrogen uptake and utilization
Rpghgn  TRE é:a?il KPR /Eji/ *EH%”Z}ZFEQE/ ELIEIR i RACWR I 4% %LHEEIE’?&% f&ﬂﬁﬁziﬁi%
g kg g kg g7k NHI/% REN/% PEN/kg-kg AEN/kg-kg
NF 9.99+0.34ab 11.38+0.53a 1.62+0.23b 55.99+0.90ab
SF 10.37+0.76a 10.32+0.53b 2.18+0.34a 40.32+4.58¢ 39.69+5.25b 22.07+1.32f 3.18+0.26f
FJ 10.14+0.25ab 11.37+0.30a 2.06+0.28ab 52.84+0.69ab 30.89+2.82¢ 33.80+2.48e 11.50+1.61e
FT 8.92+0.31ab 9.58+0.12be 2.20+0.27a 57.86+1.78a 40.93+2.83b 99.77+5.61b 37.31+1.27b
FJT 8.99+0.33ab 9.48+0.07¢ 2.36+0.40a 56.13+2.17ab 52.46+4.40a 90.29+3.72¢ 42.41+4.42a
FX 9.74+0.35ab 9.85+0.16bc 2.16+0.20a 47.94+4.28bc 38.55+4.44b 52.39+5.59d 17.89+2.39d
FTX 8.62+0.49b 9.60+0.37bc 1.98+0.17ab 58.83+3.55a 25.79+£2.19¢ 136.07+9.14a 30.16+£3.21¢c
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Figure 4 The soil alkali—-hydrolyzable nitrogen content at different stages
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Figure 5 The soil available phosphorus content at different stages
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Table 4 Soil nutrient status of treatments after harvest
G4k T pH(1:2.5) B A/g kg A A /mg kg Mg kg AR /mg kg HHLi/g kg
NF 5.76+0.08bc 1.59+0.14a 131.09+3.46a 0.41+0.10b 7.78+0.54b 19.89+0.58ab
SF 5.74+0.08bc 1.96+0.25a 147.91+6.50a 0.50+0.04ab 8.81+1.02ab 19.49+1.91ab
FJ 5.79+0.07bc 1.58+0.12a 132.57+8.58a 0.50+0.02ab 8.45+0.28ab 18.23+0.52b
FT 6.00+0.08a 1.56+0.06a 159.28+20.53a 0.59+0.02a 9.73+0.74ab 19.41+1.52ab
FJT 5.92+0.03ab 1.59+0.11a 150.38+£12.95a 0.52+0.05ab 10.28+0.74a 19.91+1.19ab
FX 5.86+0.07ab 1.80+0.03a 159.04+4.78a 0.54+0.02ab 8.18+0.16ab 19.21+0.29b
FTX 5.64+0.04¢ 1.59+0.16a 138.26+1.93a 0.55+0.05ab 9.24+0.74ab 21.27+1.03a
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