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Effects of Different Soil Additives on Wheat Yield and Nitrogen and Phosphorus Loss in Tai Lake Region
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Abstract : Nutrients in leaching and in surface runoffs from farmland are the major causes of eutrophication in the aquatic ecosystems in the
Tai Lake region. Applying soil additives may minimize nutrient losses from farmland during wheat cropping season in winter. A pot experi—
ment was conducted to study the effects of resin, biochar and nitrification inhibitor alone and in combination on wheat yield and nitrogen and
phosphorus losses in the Tai Lake region. Nine treatments with three replicates were designed, including no nitrogen fertilizer(NF ), tradition—
al fertilizer (SF), fertilizer+biochar (FT), fertilizer+resin (FZ), fertilizer+nitrification inhibitor(FX), fertilizer+nitrification inhibitor+biochar
(FTX), fertilizer + nitrification inhibitor+resin(FZX), fertilizer+resin+biochar( FZT), fertilizer+nitrification inhibitor+biochar+resin( FZXT).
Grain yield of and nitrogen(N) and phosphorus(P) assimilated by wheat, N and P losses through runoff and leaching, and soil nutrient status
were measured. Results showed that all treatments with soil additives promoted wheat aboveground biomass, and increased grain yield by
13%~133%, compared with the SF treatment except the FZ treatment. Wheat—assimilated N was also enhanced in all the treatments with soil
additives, thus improving fertilizer N use efficiency, except the FZ treatment. However, wheat—assimilated P was inhibited by soil additives;
and fertilizer P use efficiency was thus decreased in all the treatments with soil additives. Applications of biochar and nitrification inhibitor

alone or both can decrease the total nitrogen(TN ) and total phosphorus(TP) concentrations in runoff and leaching water, thus reducing the
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N loss by 57%~71% and the P loss by 26%~46% in comparison with the control (SF). However, increased N and P losses were observed in

the treatments with resin applied. After harvest, soil TN content was significantly increased by the applications of all additives except the

FX, but soil TP didn't significantly change in all treatments. We conclude that applying biochar and nitrification inhibitor along with fertiliz—

er can significantly improve wheat yield and N use efficiency while reducing 68.8% of N loss and 26.1% of P loss during the whole wheat

growth period. Therefore, it is promising to apply soil amendments to control the non—point source pollution during wheat growing season in

the Tai Lake region.

Keywords: wheat; soil additive; yield; nitrogen use efficiency; runoff; leaching; nitrogen and phosphorus loss
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Table 1 Basic physic—chemical properties of experimental soil

5 Soil H(12.5) JVA( Total N/ Wi AL Alkali- S Total P/ A0 Olsen—P/  HELHH Avail K/ 4L Organic
: pLA D& g kg hydrolyzable N/mg-kg™ g kg mg-kg™! mg-kg™! matter/g- kg™
JKH + Paddy soil 5.11 222 177.1 0.63 354 174.0 26.2
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Table 2 Aboveground biomass and grain weight of wheat

in pot experiment

A Abo%eioiﬁn%i?iass/ ijiiiv%it/ ik S CHD

Treatment g+ pot” g+ pot” Harvest index/%
NF 20.44+0.59%¢ 7.81+0.29be 38.21+0.88ab
SF 32.34+0.46d 8.44+0.40bc 26.08+0.93¢
Kz 36.22+0.05¢d 5.01£0.27¢ 13.84+0.75d
FT 34.53+1.22¢d 9.54+0.15b 27.68+0.52¢
FX 34.67+2.86¢d 10.41+0.71b 30.75+4.66bc
FZT 44.89+3.94ab 16.71+3.08a 36.62+4.53ab
FZX 46.95+3.52a 19.64+1.67a 41.77£0.44a
FTX 40.73+4.00abe 17.14+0.40a 42.91+4.23a
FZXT 38.52+0.46bcd 9.97+0.43b 25.88+0.85¢

T NF S ANt NE Ab 3 5 SF Ay it A A 3 5 FZ Sy it JE + 43§ Big Ak 345 T
AL+ A I FX At A+ AL A R AL 3 s FZT Syt A+ A+
AW AL B FZX it N +A0 i+ Ak 300 a0 00 A 38 5 FTX i N+ A 40
e+ BN AL T FZXT i T -+3 i+ Rl AL 3 750+ 4 o b 3 R
A

Note : NF : No fertilizer treatment ; SF; Fertilizer treatment ; FZ : Fertiliz—
er+ resin treatment ; FT: Fertilizer + biochar treatment ; FX ; Fertilizer+ nitri—
fication inhibitor treatment;FZT:Fertilizer + resin + biochar treatment;
FZX:Fertilizer + resin + nitrification inhibitor treatment; FTX: Fertilizer +
biochar + nitrification inhibitor treatment ; FZXT : Fertilizer+ resin+nitrifica—

tion inhibitor+ biochar treatment. The same as below.
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Table 3 Indicators of nitrogen uptake and utilization by wheat

SRUFH B HEMR A 3 % S IE A TR % ol 2L K
A Pl FRAA T G PRRREN  GUBMCLACE  GURATACE  RUKRRCR o 0
AbHR . . Plant nitrogen (REN)Recovery (PEN )Physiological (AEN )Agronomic :
- nitrogen content/  nitrogen content/ A . .. - Harvest index of
T'reatment L L accumulation/ efficiency of efficiency of efficiency of it 1%
me'e mee mg-pot™ nitrogen/% nitrogen/kg * kg™ nitrogen/kg - kg™ mutrogen/vo
NF 12.49+0.50¢ 22.73+0.73d 254.91+5.44( — — — —
Sk 15.89+1.51be 34.08+0.22abc 514.95+54.78e 13.00+2.74d 2.51+1.37b 0.32+0.20bc 57.06 +£6.34abc
FZ 21.14+0.18a 38.44+0.54a 765.56+7.02bed 25.53+0.35b¢ -5.48+0.53¢ -1.40£0.13¢ 25.14+1.07e
FT 19.58+0.85ab 35.88+1.27ab 678.17+53.68d 21.16+2.68¢ 4.14+0.17b 0.87+0.08b 50.78+1.61bed
FX 22.04+3.05a 35.58+2.63ab 746.85+45.47cd 24.60+2.27bc 5.31+1.26b 1.30+0.35b 49.60+4.04cd
FzZT 20.25+0.90a 32.87+1.72bc 902.11+42.06b 32.36+2.10b 13.31+4.30a 4.45+1.54a 59.34+7.08abc
FZX 22.55+0.35a 34.25+0.25abe 1 056.73+64.67a 40.09+3.23a 14.62+0.92a 5.92+0.84a 63.50+1.90ab
FTX 18.62+0.17ab 30.48+1.69¢ 758.25+74.74bed 25.17+3.74be 19.40+2.88a 4.67+0.20a 69.53+3.54a
FZXT 22.37+0.38a 37.17£0.91ab 861.37+7.54be 30.32+0.37b 3.59+0.75b 1.09+0.22b 42.97+1.08d
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Table 4 Indicators of phosphorus uptake and utilization by wheat

FERRBERL R B
= Plant
phosphorus

FEAREE O PRI it
Kb ¥ Plant Grain

Treatment  phosphorus

ARRSBENEFI ]
% Relative
efficiency of

phosphorous/%

hosphorus .
- Phosp _, accumulation/
content/mg- g™ content/mg-g

mg'p()t"
NF 1.35+0.03ab  1.82+0.03ab  27.48+0.46¢ —
SF 1.62+0.19a 2.00+0.01a  52.55+6.75a —

¥z 0.93+0.04cd  1.68+0.05ab  33.71+1.51bc -35.84+2.87h
FT 1.40+0.09ab  1.98+0.07a  48.58+4.07a -7.56+7.76a
FX 1.27+0.14abec  1.77+0.21ab  43.42+3.08ab -17.38+5.86ab
FZT 1.01+0.20bed  1.52+0.15b  43.76+4.81ab —16.73+9.16ab
FzZX 0.71+0.05d 1.23+0.05b  32.94+0.68bc -37.31+1.30b
FTX 1.08+0.12bed  1.58+0.07b  43.52+4.64ab —17.18+8.83ab
FZXT 1.21+0.05bc  1.68+0.08ab  46.62+1.83a —-11.29+3.47a
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Figure I Runoff and leaching volume
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Figure 2 Total nitrogen concentrations in runoff and leaching water
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Figure 3 Total nitrogen loss in runoff and leaching water
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Figure 4 Total phosphorus content in runoff and leaching water
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Figure 5 Total phosphorus loss in runoff and leaching water
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Table 5 Soil nutrient status in different treatments after harvesting

fbg MA WMAE Alkali- B Ak
Treatment 0! 1\11/ hydrolyzab}fe N/ Total f/ Olsen—]j/

g-kg mg-kg g-kg mg-kg

NF 2.21:0.02d  180.44+1.12ab  0.620.01b  6.0120.43d
Sk 2.27+0.02cd 179.67+3.78ab  0.69£0.01a  13.36x1.26b
¥Z 2.3240.03bc  186.08+2.96a 0.66+0.02ab  9.22+0.53¢
FT  235:0.03ab 183.52+2.60a 0.65:0.02ab  13.42+1.22h
FX 2.22+0.02d 1827543782 0.66+0.02ab  12.63+0.24b
FZT  23620.01ab 180.18+5.01ab 0.67£0.01ab  9.40+0.32¢
FZX  2.34£0.02ab 183.77#2.53a 0.70£0.01a  13.23+0.46h
FTX  236£0.0lab 170.68+2.19b 0.69£0.00a  14.43%1.64ab
FZXT  2.4020.01a 179.92+4.45ah 0.69:0.04a  16.62+0.47a
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