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Abstract Nitrogen fertilizer is an important factor for crop production. The N application strategies named as former nitrogen moved backward

(FNMB) are tested in three ecological regions to optimize the N application in rice. The dry matter accumulation and distribution, yield and

quality are studied to understand the formation of yield and quality of rice under different N application strategies. The result indicates that for-

mer nitrogen moved backward (FNMB) can increase tiller number and dry matter accumulation; effective ears and yield can be increased with

the increase of fertilization; rational nitrogen application can help to establish scientific group structure, harmonize yield component, and then

achieve high ratio of input to output and benefit.
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1 Introduction

China is a major rice producer and consumer in the world and the
total rice production is ranked first in the world. In terms of rice
growing area, China is second only to India, and China has a pop-
ulation of more than two thirds with rice as the staple food'".
However, the consumption of nitrogen fertilizer is too high in the
current rice production, and especially at the early stage, the
large nitrogen fertilizer application proportion is very prominent.
Clearly understanding the regulatory mechanisms of different nitro-
gen fertilizer application strategies on rice production is of great
significance to improving nitrogen use efficiency in rice production
and maintaining sustainable development of rice. Nitrogen is one
of the three elements necessary for the growth of rice, and the use
of nitrogen fertilizer has obvious effect on the growth of rice™”’. In
the traditional agricultural production, due to the blind pursuit of
economic efficiency, the crop fertilization is mainly based on ap-
plication of nitrogen fertilizer, lacking balanced fertilization tech-
nology, resulting in waste of fertilizer and increase of crop produc-
tion costs. And the surface runoff, ammonia volatilization and
drainage cause groundwater pollution, eutrophication, greenhouse
gas emissions and many other negative environmental effects”™ .
With declining arable land and population growth, the conflicts
between depletion of resources and food security or environmental
protection become increasingly prominent, largely related to un-
reasonable and excessive application of nitrogen fertilizer'* .
Farmers have long entertained the misconception that more fertiliz-
ers will lead to higher yield, resulting in increasing application of
nitrogen fertilizer in the intensive farming areas, and making the
crop fertilization amount exceed crop uptake"' . Therefore, under
the premise of guaranteeing high rice yield, how to protect the en-

vironment and improve the use efficiency of nitrogen in rice is cur-
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rently a scientific issue to be solved in China, and it is important
[6]

to the sustainable development of rice production In this pa-
per, using different nitrogen application strategies, we study the
dynamic rice growth, nitrogen use and production change, in order

to guide rice production.

2 Materials and methods

2.1 Experimental design The experiment was carried out in
the experimental plot of Liaoning Saline or Alkaline Land Utiliza-
tion and Research Institute in 2012. The soil fertility is moderate ,
and the main rice varieties Yanfeng 47 and Yanjing 188 in Liaon-
ing coastal rice-growing areas are selected as test materials. Three
nitrogen fertilizer levels are set; N,, pure nitrogen 165 kg/ha;
N, , pure nitrogen 210 kg/ha; N;, pure nitrogen 255 kg/ha. The
treatment N, in non-nitrogenous fertilizer area is regarded as blank
control. 3 fertilization ratios are set at each nitrogen fertilizer level
(basal and tillering fertilizer; panicle fertilizer) , namely F, ,8:2;
F,,7:3;F,,6:4. The split-plot design is adopted, with the treat-
ment of nitrogen fertilizer level and nitrogen fertilizer application
proportion as main plot, and variety as subplot. The rice trans-
planting specification is 30.0 em x 13.3 e¢m, 3 seedlings per hill,
repeated three times, a total of 30 plots. The plot area is 19. 35
m’ (4.5 m long, 4.3 m wide), 8 rows per variety, a total of 16
rows. P and K content under all treatments is based on N, treat-
ment (N: P,05: K,0 =2:1:1), and the application rate is the
same. 46% of urea in nitrogen fertilizer is applied on rice four
times ( base fertilizer; tillering fertilizer; earing fertilizer; granular
fertilizer). For basal and tillering fertilizer, 60% is as base fertil-
izer and 40% is as tillering fertilizer; for panicle fertilizer, 60%
is as earing fertilizer and 40% is as granular fertilizer. 100% of
superphosphate as basal fertilizer is applied, and 50% of potassi-
um sulfate is applied as base fertilizer and earing fertilizer, re-
spectively. The experiment uses seedling transplanting, and choo-

ses single-season japonica rice for planting. Ridging, irrigation
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and drainage are conducted separately in each plot.

2.2 Determination indicators

2.2.1 Dynamic state of tiller. From tillering stage to booting
stage, the tiller number is investigated at intervals of 7 d, and 10
hills are taken as survey points.

2.2.2 Dry matter accumulation and yield determination. At
heading and maturity stages, 6 hills of representative plants are se-
lected in each plot, and the plants are uprooted and cleaned. The
blades, stems and ears are separated, and go through deactivation

of enzymes in hot air oven at 105 °C for 30 min. They are dried at

Table 1 Effect of different nitrogen fertilizer application strategies on the tiller number of Yanfeng 47 and Yanjing 188

80°C for 48-72 h, and then weighed. At maturity stage, the num-
ber of available ears is investigated at the points where tiller num-
ber is investigated. 6 m’ of plants are harvested, dried and thre-
shed to calculate the production. In addition, 4 representative
hills are selected in each plot, and after air drying indoors, the
grain number, thousand-grain weight and maturing rate are meas-
ured.

2.2.3 Determination of nitrogen use rate. The dried leaves,
stems and ears are crushed and sieved respectively, and Kjeldahl

method is used to measure the nitrogen content.

Unit: 10*/ha

Nitrogen Basal and tillering Days after transplanting/d
application fertilizer; panicle
rate // kg/ha fertilizer 23 30 44 51 58 65
Yanfeng 47
0 / 71 104 177 211 224 219 211
165 8:02 117 184 259 301 252 244 241
7:03 132 191 252 306 254 242 231
6:04 141 214 264 309 267 262 257
Average 130 196 258 305 257 250 243
210 8:02 154 219 322 338 304 282 276
7:03 162 214 322 312 287 269 264
6:04 122 211 315 264 257 251 246
Average 146 215 320 305 283 267 262
255 8:02 177 262 295 346 332 317 301
7:03 117 214 287 326 287 264 239
6:04 108 212 282 317 284 280 272
Average 134 230 305 328 301 287 271
Yanjing 188
0 / 69 116 169 221 236 221 216
165 8:02 112 196 324 354 347 341 337
7:03 94 169 271 286 310 294 284
6:04 87 169 267 281 291 281 271
Average 98 178 287 307 316 305 300
210 8:02 106 199 344 361 357 351 344
7:03 121 212 336 368 349 342 331
6:04 129 214 327 356 316 309 307
Average 118 208 336 361 341 334 327
255 8:02 124 224 372 405 396 384 371
7:03 132 212 384 395 371 357 347
6:04 112 204 326 381 366 349 341
Average 123 213 361 394 377 363 353

3 Results and analysis

3.1 Effect of different nitrogen fertilizer application strate-
gies on tiller Nitrogen application can increase the tiller number
of Yanfeng 47. On the 23" d and 37" d after transplanting, it is
largest under the nitrogen application treatment of 210 kg/ha, and
in other periods, the nitrogen application treatment of 255 kg/ha
holds an advantage (Table 1). Under the pure nitrogen applica-
tion treatment of 165 kg/ha, when the proportion of basal and till-
ering fertilizer and panicle fertilizer is 8:2, 7:3 and 6: 4, the
highest tillering critical period is the 44™ d after transplanting, and

the tiller number is largest (3090000 tillers/ha) when the propor-
tion is 6:4. Under the pure nitrogen application treatment of 210
kg/ha, when the proportion is 8: 2, the largest tiller number is
3380000 per ha, and the highest tillering critical period is the 44"
d after transplanting. When the proportion is 7:3 and 6: 4, the
highest tillering critical period is the 37th d after transplanting.
Under the pure nitrogen application treatment of 255 kg/ha, when
the proportion of basal and tillering fertilizer and panicle fertilizer
is 8:2, 7:3 and 6: 4, the highest tillering critical period is the
44" d after transplanting, and when the proportion is 82, the till-
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er number is largest, reaching 3460000 per ha. From the 23 d to
65" d after transplanting, the tiller number of Yanjing 188 increa-
ses with the increasing nitrogen application rate. Under the pure
nitrogen application treatment of 165 kg/ha, when the proportion
of basal and tillering fertilizer and panicle fertilizer is 8: 2, the
highest tillering critical period is the 44™ d after transplanting, and
the largest tiller number is 3540000 per ha. When the proportion
is 7:3 and 6: 4, the highest tillering critical period is the 51" d af-
ter transplanting. Under the pure nitrogen application treatment of
210 kg/ha, when the proportion of basal and tillering fertilizer and
panicle fertilizer is 8: 2, 7: 3 and 6: 4, the highest tillering criti-

Table 2 Effect of different nitrogen fertilizer application strategies on accumulation of dry matter

cal period is the 44" d after transplanting, and when the propor-
tion is 73, the tiller number is largest, reaching 3690000 per ha.
Under the pure nitrogen application treatment of 255 kg/ha, when
the proportion of basal and tillering fertilizer and panicle fertilizer
is8: 2,7 3 and 6: 4, the highest tillering critical period is the
44" d after transplanting, and when the proportion is 8: 2, the
tiller number is largest, reaching 4050000 per ha. Through com-
prehensive analysis, it is found that under the high nitrogen treat-
ment for the two rice varieties, when the proportion of basal and
tillering fertilizer and panicle fertilizer is 8: 2, we can get large
tiller number.

Unit: 100 kg/ha

Full heading stage

Maturity stage

Nitrogen Basal and
application tillering fertilizer : Leaf Stem Ear Total Leaf Stem Ear Total
rate //kg/ha panicle fertilizer weight weight weight weight weight weight weight weight

Yanfeng 47
0 / 13.0 32.2 9.1 54.3 9.1 32.7 62.1 103.9
165 8:02 16.7 33.2 14.0 63.9 17.1 4.4 88.4 149.9
7:03 19.0 37.5 14.9 71.4 16.9 40 89.5 146.4
6:04 19.9 39.4 10.7 70.0 14.7 36.6 82.1 133.4
Average 18.5 36.7 13.2 68.4 16.3 40.3 86.6 143.2
210 8:02 17.5 38.4 13.3 69.2 17.2 38.9 89.1 145.2
7:03 23.5 45.2 13.0 81.7 15.0 40.4 87.2 142.6
6:04 18.0 42.2 14.1 74.3 18.1 44.5 88.8 151.4
Average 19.7 41.9 13.5 75.1 16.8 41.3 88.4 146.5
255 8:02 22.0 45.7 15.5 83.2 18.0 42.7 94.7 155.4
7:03 19.8 37.8 12.3 69.9 16.5 40.5 93.8 150.8
6:04 22.3 42.8 11.9 77.0 15.4 43.3 76.9 135.6
Average 21.4 42.1 13.2 76.7 16.6 42.2 88.5 147.3
Yanjing 188

0 / 14.1 45.4 12.8 72.3 13.4 37.7 66.6 117.7
165 8:02 27.4 59.3 16.9 103.6 17.4 45.0 89.1 151.5
7:03 23.9 55.9 15.9 95.7 18.8 56.2 96.5 171.9
6:04 23.4 56.9 12.7 93.1 17.3 50.2 88.0 155.5
Average 25.0 57.5 15.3 98.3 17.8 50.4 91.2 159.4
210 8:02 31.8 61.8 17.9 111.5 19.3 49.5 91.3 160. 1
7:03 32.6 60.1 16.0 109.7 22.7 55.5 105.8 184.0
6:04 29.5 60.4 17.6 107.5 20.8 47.8 102.3 170.9
Average 31.3 60.8 17.2 109.3 20.9 50.9 99.8 172.6
255 8:02 31.9 63.0 17.6 112.5 21.5 50.6 109. 1 181.2
7:03 29.3 61.3 16.7 107.3 17.0 53.5 94.8 165.3
6:04 29.7 50.8 15.4 95.9 21.5 54.4 99.5 175.4
Average 30.3 58.4 16.6 105.3 20.1 52.8 101.1 174.0

3.2 Effect of different nitrogen fertilizer application strate-
gies on accumulation of dry matter At the full heading stage,
the leaf dry weight, stem dry weight and total dry weight of Yan-
feng 47 show an increasing trend with the increasing nitrogen ap-
plication while the ear dry weight increases first and then decrea-
ses. At the maturity stage, stem dry weight, ear dry weight and
total dry weight show an increasing trend, while leaf dry weight in-
creases first and then decreases. Under the pure nitrogen applica-
tion treatment of 165 kg/ha, when the proportion of basal and till-

ering fertilizer and panicle fertilizer is 6: 4, the leaf dry weight
and stem dry weight at the full heading stage can be increased
while the leaf dry weight, stem dry weight, ear dry weight and to-
tal dry weight at the maturity stage are all lowest; when the pro-
portion is 7:3, the ear dry weight and total dry weight at the full
heading stage as well as the ear weight at the maturity stage can be
increased; when the proportion is 8:2, the leaf dry weight, stem
dry weight and total dry weight at the maturity stage can be in-

creased. Under the pure nitrogen application treatment of 210 kg/
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ha, when the proportion of basal and tillering fertilizer and panicle
fertilizer is 6: 4, the ear dry weight at the full heading stage and
leaf dry weight, stem dry weight and total dry weight at the maturi-
ty stage can be increased; when the proportion is 7: 3, the stem
dry weight, leaf dry weight and total dry weight at the full heading
stage can be increased, but at the maturity stage, the dry weight
of different organs is relatively low; when the proportion is 8: 2,
the ear dry weight at the maturity stage can be increased. Under
the pure nitrogen application treatment of 255 kg/ha, when the
proportion of basal and tillering fertilizer and panicle fertilizer is 6
: 4, the leaf dry weight at the full heading stage and stem dry
weight at the maturity stage can be increased; when the proportion
is 7:3, the dry weight of different organs is relatively low at the
full heading stage, and it increases at the maturity stage; when the
proportion is 8: 2, the stem dry weight, ear dry weight and total
dry weight at the full heading stage can be increased, and the leaf
dry weight, stem dry weight, ear dry weight and total dry weight at
the maturity stage can be also increased. With the increasing ap-
plication of nitrogen, the leaf dry weight, stem dry weight, ear dry
weight and total dry weight of Yanjing 188 at the full heading stage
increase first and then decrease; the stem dry weight, ear dry
weight and total dry weight at the maturity stage show an increas-
ing trend, while the leaf dry weight increases first and then de-
creases. Under the pure nitrogen application treatment of 165 kg/
ha, when the proportion of basal and tillering fertilizer and panicle
fertilizer is 6: 4, the dry matter of various organs at the maturity
and full heading stages does not hold an advantage; when the pro-
portion is 7: 3, the leaf dry weight, ear dry weight and total dry
weight at the maturity stage can be increased; when the proportion
is 8:2, the leaf dry weight, ear dry weight, stem dry weight and
total dry weight at the full heading stage can be increased, while it
does not preponderate at the maturity stage. Under the pure nitro-
gen application treatment of 210 kg/ha, when the proportion of
basal and tillering fertilizer and panicle fertilizer is 6: 4, the dry
matter of various organs at the maturity and full heading stages
does not hold an advantage; when the proportion is 7: 3, the leaf
dry weight at the full heading stage and the leaf dry weight, ear
dry weight, stem dry weight and total dry weight at the maturity
stage can be increased; when the proportion is 8:2, the ear dry
weight, stem dry weight and total dry weight at the full heading
stage can be increased, while it does not preponderate at the ma-
turity stage. Under the pure nitrogen application treatment of 255
kg/ha, when the proportion of basal and tillering fertilizer and
panicle fertilizer is 6: 4, the leaf dry weight and stem dry weight
at the maturity stage can be increased; when the proportion is
7:3, the dry matter of various organs at the maturity and full head-
ing stages is relatively low; when the proportion is 8:2, the leaf
dry weight, ear dry weight, stem dry weight and total dry weight at
the full heading stage and the ear dry weight and total dry weight
at the maturity stage can be increased. In summary, there are
some differences in the reaction of the two varieties to nitrogen,

and high nitrogen promotes Yanfeng 47 but has a negative effect on

Yanjing 188. By increasing the proportion of panicle fertilizer, the
dry weight of leaf and stem can be increased.

3.3 Effect of different nitrogen fertilizer application strate-
gies on yield and its components
with increasing application of fertilizer, the ear length of Yanfeng

As can be seen from Table 3,

47 shows a decreasing trend; yield and effective panicle number
show an increasing trend; grain number per panicle, thousand-
grain weight and maturing rate increase first and then decrease;
the percentage of ear-bearing tiller decreases first and then increa-
ses. Under the pure nitrogen application treatment of 165 kg/ha,
when the proportion of basal and tillering fertilizer and panicle fer-
tilizer is 6: 4, the effective panicle number can be increased;
when the proportion is 7: 3, the thousand-grain weight and matu-
ring rate can be increased; when the proportion is 8:2, the grain
number per panicle and percentage of ear-bearing tiller can be in-
creased. Under the pure nitrogen application treatment of 210 kg/
ha, when the proportion of basal and tillering fertilizer and panicle
fertilizer is 6: 4, the thousand-grain weight and grain number per
panicle can be increased; when the proportion is 7: 3, various
yield components are in a middle state; when the proportion is 8:
2, the effective panicle number can be increased. Under the pure
nitrogen application treatment of 255 kg/ha, when the proportion
of basal and tillering fertilizer and panicle fertilizer is 6: 4, the
thousand-grain weight can be increased ; when the proportion is 7:
3, the maturing rate can be increased; when the proportion is 8:
2, the effective panicle number and grain number per panicle can
be increased. The actual yield of Yanfeng 47 is highest (9269. 8
kg/ha) under the pure nitrogen application treatment of 255 kg/ha
when the proportion of basal and tillering fertilizer and panicle fer-
tilizer is 8: 2, followed by the yield (9131.2 kg/ha) under the
pure nitrogen application treatment of 210 kg/ha when the propor-
tion of basal and tillering fertilizer and panicle fertilizer is 6: 4,
with little difference between the two. With increasing application
of nitrogen fertilizer, the grain number per panicle and maturing
rate of Yanjing 188 show a decreasing trend, while the effective
panicle number, thousand-grain weight and production are on the
rise. Under the pure nitrogen application treatment of 165 kg/ha,
when the proportion of basal and tillering fertilizer and panicle fer-
tilizer is 6: 4, the grain number per panicle, ear length and matu-
ring rate can be increased; when the proportion is 7: 3, the per-
centage of ear-bearing tiller can be increased ; when the proportion
is 8: 2, the thousand-grain weight and effective panicle number
can be increased. Under the pure nitrogen application treatment of
210 kg/ha, when the proportion of basal and tillering fertilizer and
panicle fertilizer is 6: 4, the percentage of ear-bearing tiller can
be increased; when the proportion is 7:3, the grain number per
panicle and effective panicle number can be increased; when the
proportion is 8:2, the thousand-grain weight and maturing rate can
be increased. Under the pure nitrogen application treatment of 255
kg/ha, when the proportion of basal and tillering fertilizer and
panicle fertilizer is 7: 3, the percentage of ear-bearing tiller and

effective panicle number can be increased; when the proportion is
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8:2, the maturing rate, grain number per panicle and thousand-
grain weight can be increased. The actual yield of Yanjing 188 is
highest (9789.0 kg/ha) under the pure nitrogen application treat-
ment of 255 kg/ha when the proportion of basal and tillering fertil-
izer and panicle fertilizer is 8:2, followed by the yield (9499.7
kg/ha) under the pure nitrogen application treatment of 210 kg/ha

when the proportion of basal and tillering fertilizer and panicle fer-

tilizer is 7:3, with little difference between the two. Through the
analysis, it can be found that despite the different effects of nitro-
gen application on the yield components of two rice varieties, the
nitrogen application can increase rice yield. The nitrogen moved
backward can increase thousand-grain weight and grain number
per panicle of Yanfeng 47, and percentage of ear-bearing tiller of
Yanjing 188.

Table 3 Effect of different nitrogen fertilizer application strategies on yield and its components

Nitrogen Basal and Effective Grain

application tillering fertilizer panicle number per Maturing Thousand—grain Yield // kg/ha
rate // kg/ha panicle fertilizer number //10*/ha panicle rate //% weight /g
Yanfeng 47
0 - 194 117.6 91.5 27.3 6021.3
165 8:02 274 114.4 83.6 27.2 8508.5
7:03 275 113.5 88.7 27.6 8549.0
6:04 272 111.4 85.0 27.1 8 257.9
Average 273 113.1 85.8 27.3 8438.5
210 8:02 285 113.8 87.1 27.5 8739.8
7:03 273 115.9 86.8 28.1 8 809.3
6:04 278 118.4 88.3 28.2 9131.2
Average 279 116.0 87.4 27.9 8 893.4
255 8:02 291 117.0 81.9 27.2 9269.8
7:03 285 113.4 84.6 27.6 9042.7
6:04 283 108.2 82.2 27.9 8 833.5
Average 283 112.9 82.9 27.6 9048.7
Yanjing 188
0 - 201 126.1 9.1 25.6 6444.6
165 8:02 291 122.6 90.9 26.3 8797.8
7:03 279 121.9 91.1 25.8 9 064.5
6:04 265 129.7 91.3 25.6 8579.9
Average 278 124.7 91.1 25.9 8 814.1
210 8:02 309 110.4 92.1 25.9 8833.3
7:03 327 116.2 89.5 25.7 9499.7
6:04 316 113.1 89.9 26.0 9261.5
Average 317 113.2 90.5 25.9 9 198.2
255 8:02 334 111.6 90.1 26.2 9789.0
7:03 345 105.8 87.6 25.9 9474.8
6:04 331 99.5 82.4 25.8 9130.9
Average 337 105.6 86.7 26.0 9464.9

3.4 Effect of different nitrogen fertilizer application strate-
gies on nitrogen use rate As can be seen from Table 4, with in-
creasing application of fertilizer, the total nitrogen uptake of Yan-
feng 47 shows an increasing trend; nitrogen harvest index and ni-
trogen recovery ratio show a decreasing trend; physiological nitro-
gen use efficiency first increases and then decreases. Under the
pure nitrogen application treatment of 165 kg/ha, when the pro-
portion of basal and tillering fertilizer and panicle fertilizer is
6: 4, the nitrogen harvest index and physiological nitrogen use ef-
ficiency can be increased; when the proportion is 7:3, the nitro-
gen recovery ratio, nitrogen harvest index and total nitrogen up-
take can be increased; when the proportion is 8:2, nitrogen use

efficiency is not dominant. Under the pure nitrogen application

treatment of 210 kg/ha, when the proportion of basal and tillering
fertilizer and panicle fertilizer is 6: 4, the nitrogen recovery ratio
and total nitrogen uptake can be increased; when the proportion is
7:3, the nitrogen use rate is in a middle state; when the propor-
tion is 8:2, the nitrogen harvest index and physiological nitrogen
use efficiency can be increased. Under the pure nitrogen applica-
tion treatment of 255 kg/ha, when the proportion of basal and till-
ering fertilizer and panicle fertilizer is 6: 4, the physiological ni-
trogen use efficiency is high, but the other nitrogen use rates are
low; when the proportion is 7: 3, the nitrogen recovery ratio, total
nitrogen uptake and nitrogen harvest index can be increased; when
the proportion is 8:2, the physiological total nitrogen use efficien-

cy can be improved. With increasing application of fertilizer, the
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total nitrogen uptake of Yanjing 188 shows an increasing trend; ni-
trogen harvest index and nitrogen recovery ratio first increase and
then decrease; physiological nitrogen use efficiency shows a de-
creasing trend. Under the pure nitrogen application treatment of
165 kg/ha, when the proportion of basal and tillering fertilizer and
panicle fertilizer is 6: 4, the nitrogen recovery ratio and total ni-
trogen uptake can be increased; when the proportion is 7: 3, the
nitrogen use rate is in a middle state; when the proportion is 8:2,
the nitrogen harvest index and physiological nitrogen use efficiency
can be increased. Under the pure nitrogen application treatment of
210 kg/ha, when the proportion of basal and tillering fertilizer and
panicle fertilizer is 6: 4, the nitrogen harvest index and total nitro-
gen uptake are in a middle state; the nitrogen harvest index and

physiological nitrogen use efficiency are very low; when the pro-

portion is 7: 3, the total nitrogen uptake and nitrogen recovery rati-
o can be increased; when the proportion is 8:2, the physiological
nitrogen use efficiency and nitrogen harvest index can be in-
creased. Under the pure nitrogen application treatment of 255 kg/
ha, when the proportion of basal and tillering fertilizer and panicle
fertilizer is 6: 4, the total nitrogen uptake and nitrogen recovery
ratio can be increased, and the physiological nitrogen use efficien-
cy and nitrogen harvest index can be decreased; when the propor-
tion is 7: 3, the physiological nitrogen use efficiency and nitrogen
harvest index are in a middle state, and the total nitrogen uptake
and nitrogen recovery ratio are very low; when the proportion is 8
2, the physiological nitrogen use efficiency and nitrogen harvest

index can be increased.

Table 4 Effect of different nitrogen fertilizer application strategies on nitrogen use rate

Nitrogen Basal and . Nitrogen Physiological Nitrogen
application tillering fertilizer ; Total nitrogen recovery nitrogen use harvest
rate // kg/ha panicle fertilizer uptake//100 kg/ha ratio // % efficiency // kg/kg index // kg/kg
Yanfeng 47
0 - 0.78 - - 0.76
165 8:02 1.33 33.4 4.6 0.70
7:03 1.34 33.9 44.8 0.71
6:04 1.20 25.3 52.9 0.71
Average 1.29 30.9 47.4 0.71
210 8:02 1.27 23.6 54.5 0.72
7:03 1.3 24.6 53.4 0.70
6:04 1.48 32.9 45.0 0.66
Average 1.35 27.0 51.0 0.69
255 8:02 1.47 27.1 46.7 0.69
7:03 1.48 27.3 43.1 0.7
6:04 1.38 23.5 46.6 0.65
Average 1.44 26.0 45.5 0.68
Yanjing 188
0 - 0.89 - - 0.73
165 8:02 1.25 22.2 63.8 0.72
7:03 1.40 31.5 50.2 0.70
6:04 1.41 31.6 40.7 0.66
Average 1.35 28.4 51.6 0.69
210 8:02 1.33 21.2 53.4 0.70
7:03 1.64 35.6 40.6 0.70
6:04 1.60 33.7 39.6 0.69
Average 1.52 30.2 44.6 0.70
255 8:02 1.59 27.4 47.6 0.71
7:03 1.56 26.4 4.7 0.69
6:04 1.72 32.7 32.1 0.65
Average 1.62 28.8 41.5 0.68

4 Conclusions and discussions
4.1 Conclusions Nitrogen fertilizer and its application methods
are important factors affecting the growth and yield of rice, howev-
er, the current use of nitrogen fertilizer for rice is too high, and

the proportion of nitrogen fertilizer is very large in the early peri-

od. Using former nitrogen moved backward (FNMB) and precise
fertilization technique for rise, this paper studies and optimizes the
nitrogen application strategies for rice cultivars in the specific eco-
logical zones, and clarifies the regulatory mechanisms of different

nitrogen fertilizer application strategies on rice production, in or-
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der to provide scientific basis for improving nitrogen use efficiency
and sustainable development of rice. The dry matter accumulation
and distribution, yield and quality are studied to understand the
formation of yield and quality of rice under different nitrogen ap-
plication strategies. The result indicates that former nitrogen
moved backward (FNMB) can increase tiller number and dry mat-
ter accumulation; effective panicle and yield can be increased with
the increase of fertilization; rational nitrogen application can help
to establish scientific group structure, harmonize yield component,
and then achieve high ratio of input to output and benefit.
4.2 Discussions

(i) Many scholars at home and abroad have conducted in-
depth research on how to improve fertilizer efficiency, and gener-
ally believe that the nitrogen fertilizer use rate will significantly
decrease with the increasing nitrogen application, and unreasona-
ble nitrogen application strategies will also cause the decline in
farm productivity and nitrogen use efficiency”’. In this study, two
rice varieties obtain suitable effective panicles under the pure ni-
trogen application treatment of 210 kg/ha, when the proportion of
basal and tillering fertilizer and panicle fertilizer is 6: 4 and 7:3,
suggesting that the suitable backward-moving application of nitro-
gen can help to establish a more rational group structure and har-
monize yield components. In paddy ecosystems, nitrogen is a ma-
jor driving force for rice production, and how to rationally apply
nitrogen fertilizer has been an important research topic in rice cul-
tivation systems'™ . Therefore, reasonably applying nitrogen fertil-
izer and improving nitrogen use efficiency is a major study subject
for scientists' . In this study, it is concluded that former nitrogen
moved backward (FNMB) will improve total nitrogen uptake and
nitrogen recovery ratio. (ii) China% rice planting area accounts
for 20% of the worlds rice planting area, but the consumption of
rice nitrogen fertilizer accounts for 37% of total consumption of
rice nitrogen fertilizer in the world. Farmers have long entertained
the misconception that more fertilizers will lead to higher yield. In
addition, the relatively low nitrogen fertilizer prices also lead to

1) so that the propor-

excessive application of nitrogen fertilizer
tion between fertilizer input and grain output is much higher than
the world average, and China becomes the worlds first major fer-
tilizer consuming country'"'. In this study, it is found that differ-
ent rice varieties have different reaction to nitrogen application,
and nitrogen application also has some negative effects. (iii) The
main reasons for low fertilizer use efficiency in China include neg-
lect of soil nutrient use, excessive fertilization, inadequate tapping
of crop yield potential, and numerous sources of environmental nu-
trients'”®'. Scientific and technical personnel use different fertili-
zation methods to guide rice production and achieve some re-

sults"®’. Given the different habits of nitrogen fertilizer applica-

tion, the rice researchers need to create efficient management
model of rice nitrogen fertilizer to reduce pests and diseases, im-
prove rice quality and enhance nitrogen fertilizer use efficiency
while ensuring the existing rice yields'"*'. It is of important strate-

gic significance to improving rice production competitiveness and

guaranteeing national food security ™.
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