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Abstract: In order to improve the use effect of ordinary stable urea fertilizer, develop biostimulant and bio-

chemical inhibitor combined high-efficiency,stable and synergistic urea fertilizer. A field pot test was carried out to
investigate the effect of urea fertilizer with the biological stimulator Enteromorpha polysaccharide and various biolog-

ical inhibitors on rice cultivation in black soil. The control group in the experiment consisted of no nitrogen fertilizer

(CK) and only urea fertilizer( N). In the treatment group, urea was supplemented with Enteromorpha polysaccha-

ride (E), the biochemical inhibitor N-butyl thiophosphate triamine ( NBPT), 3, 4-dimethylpyrazole phosphate
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(DMPP) , and 2-chloro-6-trimethylpyridine ( CP). Additionally, a combination of Enteromorpha polysaccharide
and a biochemical inhibitor was also added to urea. Nine treatments were set up to study the nitrogen conversion
characteristics , physiological and developmental biological indexes of rice,nitrogen uptake by plants, and efficiency
of nitrogen absorption and utilization from fertilizers. When urea was applied alone, the addition of Enteromorpha
polysaccharide reduced ammonia volatilization loss in black soil ,significantly increased ammonium nitrogen content
in soil at the tillering stage , promoted plant growth ,and then significantly increased grain yield and nitrogen use effi-
ciency. The combination of Enteromorpha polysaccharide and NBPT significantly increased ammonium nitrogen con-
tent in black soil ,but the application of Enteromorpha polysaccharide promoted the decomposition of NBPT , resulting
in no significant effect on rice yield and nitrogen use efficiency. In black soil cultivation rice ,the combination of En-
teromorpha prolifera polysaccharide and DMPP significantly reduced rice grain yield and nitrogen use efficiency, and
the application of stable urea fertilizer combined with both was not conducive to yield increase and efficiency in-
crease. The combination of tillering stage CP rice plants and Enteromorpha polysaccharides had the highest ammoni-
um nitrogen content in black soil ,and had a synergistic effect on the process of inhibiting urea nitrogen conversion
to nitrate nitrogen. The apparent nitrification rate of black soil treated with the two was significantly lower than that
of CP alone,while the increase in ammonium nitrogen promoted rice tillering, increased panicle percentage ,and thus
significantly increased rice grain yield.
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Fig.1 Ammonium nitrogen content of black soils at

various fertility periods in rice with different treatments
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stages of rice fertility in different treatments
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Tab.1 Apparent nitrification rate of black soil at different periods in rice %o
b3 SrBE Eillpra] HEH I A

Treatments Tiller stage Spike stage Grouting stage Mature stage
CK 11.80 £1.03a 23.30 £1.31a 24.70 +£0.63a 16.05 = 1.36e
N 10.00 £0.21a 23.90 £1.79a 16.30 +0. 84b 21.45 +0.83b
E 11.10 +0.88a 20.80 +1.37hcd 13.60 +0.59¢ 21.10 £0.81hbe
NBPT 8.90 +0.44b 19.70 £1.22¢d 15.01 £0.95b 19.85 £0.78¢
DMPP 7.20 £0.36¢ 19.70 £0.70d 15.80 £0.59b 17.82 =1.51de
Ccp 6.90 +0.34c 21.60 =2.08abc 15.40 +£0.91b 25.85 +0.53a
NBPT + E 7.50 £0.71¢ 22.80 +1.27ab 12.00 +0.41c 25.11 £0.34a
DMPP + E 8.12 +0.95be 22.60 =1.19ab 16.00 =0. 84b 19.73 +£0.55¢
CP+E 4.32+0.17d 19.50 +0.23cd 12.70 +1.02¢ 19.58 +1.68cd

TE 7] — I AN R] B 3R A R A 322 53k 5% R K, R 2 [l

Note ;: Different letters indicate significant differences between different treatments at a significance level of 5% during the same period. The same as Tab. 2.
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Tab.2 Characteristics of physiological and biological indicators of rice plants in different treatments

LR v YR WA/ HEES g s T AR

Treﬁi%nts ( g/HE) ( g/*fk) ( g/ﬂ‘fk) Chlorophyll T em’ Tilligfjfber Pfi'tﬁ“h/:i:ht
Grain yield Total biomass Root biomass content Leaf area

CK 58.76 +1.33e  182.91 £4.23d 27.75+3.53d  7.43+£0.31d 24.33£2.46d  7.53£0.3le 71.98 £1.9%4c¢
N 76.29 £2.22d  306.12 £15.77¢ 39.81 £1.41c  19.52£0.07bc  25.56 £0.83cd 10.27 £0.31d  84.32 £1.20a
E 104.80 +£5.59abc 337.26 £18.68b 54.61 £3.97a  20.19 £1.14abc 27.85 £2.50bed 12.47 £0.31ab 83.59 £1.64a
NBPT 99.82 +£2.29¢  317.63 £14.62bc 43.86 +2.41bc 20.95 £0.14ab 29.92 £3.78b  10.47 £0.81d  82.67 +2.25ab
DMPP 111.24 £2.26a  363.89 £5.28a 47.26 £0.87b  21.27 £0.88a 30.13+£0.41b  11.53 £0.61bc  79.06 £0.59b
CP 98.74 £5.61c  329.38 £2.12b  44.31 £2.19bc 19.86 £0.04abc 34.45+1.85a 11.13 £0.61cd 84.20 £0.21a

NBPT+E 101.00 £3.72¢  324.62 +2.75bc 46.83 £2.69b  20.09 £0.82abc 29.12 +0.81bc 12.67 £0.42a  84.92 +1.48a
DMPP +E  103.61 £5.37bc  323.26 £9.63bc  54.79 +4.39a  19.25 +0.97¢c 28.06 £2.59bcd 11.80 +0.72abc 83.31 +£5.28a
CP+E 110.21 £0.80ab 326.72 +12.53bc 44.30 £0.75bc  20.38 £1.75abe 30.38 £1.83b  12.27 +0.23ab  84.07 £0.3%a
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Tab.3 N uptake and fertilizer N contribution of plants in different treatments

AW AR/ ZEM IR R/ RN A/ FeN &=V - - N
AR PR RO AR kmmmw mER KRR
hb3 (g/ k) (g/tk) (g/Fk) (/) Ny % : Ny %
_ _ _ W/ % R/ (g/g) R/ (¢/8)
Treatments Grain N Nitrogen uptake by ~ Root nitrogen Total N
NUE NPFP NAE

uptake stems and leaves uptake uptake
CK 0.66 +0.05f 0.43 £0.03c 0.19 £0.02¢ 1.28 +0.09d - 91.46 £2.12d -
N 0.90 £0.08e 1.14£0.03ab  0.36 £0.03b  2.39+0.04c  26.54 £1.03¢c 153.06+7.88¢c 29.33 +3.75¢
E 1.26 £0.09abcd 1.03 £0.12ab  0.46 £0.0la  2.75+0.17b  34.96 £3.95b 168.63 £9.34b  36.75 +4.45b
NBPT 1.15+0.01d 1.13+0.12ab  0.39+0.02b  2.67+0.12b  33.19+2.88b 158.81 +7.31bc 32.08 +3.48hc
DMPP 1.36 +0.05a 1.19+£0.01a 0.47 £0.02a  3.01 £0.05a  41.20+1.28a 181.95+2.64a 43.09 +1.26a
CP 1.17£0.11ed  1.19 £0.05a 0.38+0.02b  2.73+£0.10b  34.46+2.47b 164.69 +1.06b  34.87 £0.50b
NBPT + E 1.22£0.02bed  1.14 £0.15ab  0.46 +0.02a  2.82 +0.14ab 36.64 £3.43b 162.31 +1.38bc 33.74 +0.66hc
DMPP+E  1.27 £0.05abc  0.98 +£0.12b 0.50+0.04a  2.76 £0.16b  35.13 +3.91b 161.63 £4.82bc 33.42 +2.29hc
CP+E 1.30 £0.0lab ~ 1.06 £0.05ab ~ 0.39£0.02b  2.75+0.07b  35.04 £1.59b 163.36 £6.27bc 34.24 +2.98hc
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