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Effects of Nitrogen Fertilizer Level and Planting Density on Changes in Soil Nutrient contents
and Nitrogen Use Efficiency in Rice
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Abstract: [Objetive] In order to improve soil fertility, rice grain yield, and nitrogen fertilizer utilization efficiency,
[ Method ] a two-factor field experiment (nitrogen fertilizer level and planting density) was carried out in paddy fields in
Rencheng District, Jining City, Shandong Province. The nitrogen application rates were as follows: zero nitrogen (N,), 0
kg/hm?; low nitrogen (N,), 216 kg/hm?; medium nitrogen (Ns), 288 kg/hm?; and high nitrogen (Ny), 360 kg/hm?, coupling
with three planting densities including low density(D;, 240 000 hill’/hm?), medium density(D,, 270 000 hill/hm?) and high
density(D3, 300 000 hill/lhm?). The soil nutrient contents and nitrogen use efficiency were measured in mature stage under
different nitrogen fertilizer levels and planting densities. [Result] The contents of nitrogen, phosphorus, potassium and
organic matter decreased significantly with the deepening soil layer. Among them, the content of alkali nitrogen in D3N,
treatment decreased by 60.8%, and the content of available phosphorus in D3N3 treatment decreased by 72.7%. With the
increase of nitrogen application rate, the soil pH and organic matter content decreased, and the available potassium
content increased, the partial productivity of fertilizer and nitrogen fertilizer agricultural utilization efficiency decreased,
and yield increased first and then decreased. With the increase of planting density, the soil pH and available phosphorus
decreased, the alkali nitrogen content of surface soil increased slightly, and the organic matter content, yield and fertilizer
partial productivity increased first and then decreased, and the nitrogen agricultural utilization efficiency decreased.
[ Conclusion] Under D,N3, the rice yield was the highest, reaching 14 615.3 kg/hm?. At the same density, the nitrogen
fertilizer level of N, help give rise to higher rice yield, nitrogen fertilizer agricultural utilization efficiency and fertilizer
partial productivity. The research results can be referenced in actual production.
Keywords: application level of nitrogen fertilizer; planting density; rice; soil nutrient; yield; fertilizer use efficiency

H E: [HN) ARJOKREERAIRAE 5, KRR, ZIEFAREARSENE, [5E)] TiAE
T TAT I X KA R B R/ 5 2 U 2K RS, % 4 MR K, BITEA(NL, 0 kg/hm?). (KA
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The data in the figure are from China Meteorological Data Network.
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Fig. 1. Trends of daily average temperature and daily average precipitation during rice growth period in Jining rice region of

Shandong Province.
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F 1 ARKESHEZEEINKERARFIELE pH EMEZE
Table 1. Effect of nitrogen fertilizer level and planting density on pH of different soil layers in rice maturity.
p oSz +EHE Soil layer HH B
Treatment 0—20cm 20—40 cm Average value Coefficient of variation
DiNy 7.7240.06 b 7.8740.02 ¢ 7.80 0.014
D;N, 7.6940.01 bc 7.75#0.01 e 7.72 0.005
D;N3 7.8740.06 a 7.9940.09 ab 7.93 0.011
DiNy 7.914.05a 8.0340.02 a 797 0.011
D,Ny 7.6940.01 bc 7.9840.02 ab 7.84 0.026
D,N, 7.6540.04 bed 7.8040.02 de 7.73 0.014
D,N3 7.6340.05 cd 7.7440.06 e 7.69 0.010
DyNy 7.5940.01 de 7.6640.07 f 7.63 0.006
D3Ny 7.6940.03 bc 7.9440.02 b 7.82 0.023
DsN2 7.7140.03 b 7.8440.01 cd 7.78 0.012
D3N3 7.5440.06 ef 7.8240.03 cd 7.68 0.026
D3N4 7.5140.01f 7.99+40.03 ab 7.75 0.044
ZFUE/KFE Nitrogen level(N) * wk
F A % Planting density(D) ool ol
N)O *kk *kk

N — Z e A & Okg/hm?; No— &I A & 216kg/hm?; N3—ZUIEH 8 288kg/hm?; N, — &I A & 360kg/hm?; Dy — #4755 24 J37%/hm?; D,— 4
B 27 TiIhm?; Da— A 30 JiRhm? . SHATEIRE ARG FREE R AL BRI P<0.05 KT 2R B3, * P<0.05; ** P<0.01; *** P

<0.001. FFEM.

N1, Zero nitrogen, Okg/hmz; N, Low nitrogen application level, 216 kg/hmz; N3, Medium nitrogen level, 288 kg/hmz; N4, High nitrogen level, 360 kg/hmz;
D;, Planting density of 24000 hill/hm?; D,, Planting density of 27000 hill’/hm?; D3, Planting density of 30000 hill/lhm? Different lowercase letters in each line
indicate significant difference at P < 0.05 level; *, P<<0.05; ** P<<0.01; *** P<C0.001. The same as in tables and figures below.
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FEIRRHLAS R, 20 3 MBRIE: RSEE, 24 JiR
Ihm?; HREERE, 27 Jihm?;s EESEE, 30 J570/hm?.
o, AREEFE N M R R . 3k 12 AN b,
3WES . /NX A 30.24 m?(3.6 mx8.4 m), BhEHL
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14 it

K H SPSS 20.0 #l1 Microsoft Office Excel L{E
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T BB AR TR () 808 22 5, LSD vk EeEs- a5
(B )22 S 1, AT A O AT BRI 20t
G778 IR 2 P 2 (kg k)= (e SR b B 7 B —
At = )i AERMRAE = 77 (kglkg) = it
R 5 B R1S R ERD = s M ARSI N &

2 SRS
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pH BYEZ M

R 15T H, )2 L3RR pH {EAE 7.54~
8.03 Z[Mykzh, AR 3. BEELEmME, &%
AbFE A3 pH YA T, H DINg AR 20—
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Different lowercase letters above the bars indicate significant difference between the 0-20cm soil layers at P<0.05 level, and different capital letters indicate
significant difference between 20—40 cm soil layer at P <0.05 level. The same as in figures below.

2 R SREZEXKERAANE L ERER S ER

220

Fig. 2. Effect of nitrogen fertilizer level and planting density on alkali nitrogen content in different soil layers during rice

maturity.
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HRUIE K T 55 A 8 B (A8 B A8 A 2
23 FAEKTEEREZEENKERAHIELE
MR =R

H 3 AT, BEE LERIINTR, &b

=1
=]

~

SRR TR, HPRER KM DaNg Ab3LE K
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F120—40 cm 2 S EIA MR E . A
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Fig. 3. Effect of nitrogen fertilizer level and planting density on available phosphorus content in different soil layers during
rice maturity.

®2 REKFEHEZENKBELIRERR. BN, BYHRSEBNZME R
Table 2. Effects of nitrogen fertilizer level and planting density on the contents of alkali nitrogen, available phosphorus and
available potassium in rice soil.

K& B Alkaline nitrogen AR Available phosphorus KR Available potassium
Factor analysis 0—20cm 20—40cm 0—20cm 20—40cm 0—20cm 20—40cm
%UIE/KF Nitrogen level ookl ek NS ek ek ok
;‘F‘jz* "erg Density *kk **k *kk *kk *kk *kk
N )O *kk **k **k *kk *kk *kk
B 0—20 cm B8 20—40 ¢m a a
200 L b
A
150
g
&

100

50

¥
Available potassium content/(mg-kg™)
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ALFE Treatment
B4 RALKTSREREIKEERAANE L RER S 20
Fig. 4. Effect of nitrogen fertilizer level and planting density on available potassium content in different soil layers during
rice maturity.
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Table 3. Effect of nitrogen fertilizer level and planting density on organic matter content in different soil layers during rice
maturity. a/kg
s +#E % Soil level Bl A5 REL
Treatment 0—20cm 20—40cm Average value Coefficient of variation
D:N; 25.14.2 ab 14.740.3 de 19.9 0.37
DiN, 208+2.7d 18.8+1.1ab 19.8 0.07
D;N3 21.240.6 cd 1274 6e 17.0 0.35
DiN, 25.740.9a 16.0#2.0 cd 20.9 0.33
D,N; 22.4490.5 bed 19.620.7 a 210 0.09
D,N, 25.042.8 ab 17.3#.0 abc 212 0.26
D,Ns 23.740.5 abc 17.941.8 abc 20.8 0.20
D,N, 24.140.7 ab 19.01.6 ab 216 0.17
DsN; 23.240.5 be 16.740.4 bed 20.0 0.23
DsN, 24.841.9 ab 16.240.5 cd 20.5 0.30
D3N3 22.642.7 bed 16.841.9 bed 19.7 0.21
D3N, 22.940.3 be 129423e 17.9 0.40
%UJIE/KF Nitrogen level(N) * sk
FAE %5 % Planting density(D) NS *
N>D ok stk

BYRREE. B, FEERIKE SR
(IAZ BN A AR 2 3
25 HBRKEEHEBENKERABAELE
BIREEHENT

M 3 HEnT s, HEEE LEMER, SaEf
WU &= R, Hrp DN, A F ) 0—20 cm
YT S BN 25.7 glkg, 20—40 cm HIEA L
JiE N 16.0 glkg, NFET 37.7%. ARAEE BN O
—20 cm LEA VR & EICEER, Xt 20—40
cm HEF P A R EE . HEEKFX 0—20
cm 12 pH F2mE 2, X 20—40 cm )2 pH 520
WiRE. Hoh, EARLES, FIEKESHiE%E
FEIAE BN SN R 2 . i35 4b 3 0—40 cm
TEAYUREENIERTUE 1, hEERE K
LAV & ER S Mg EEm, . K%
JE U B i RS SN R, T
FER, AL 2 il it 2 485 i i B AT
2.6 FABKFEERHEEE T KFES~E RKERFB
e oA

MR 4 W%, SUIE 5 A 5% HAE X KRS
PR WEE . DNy AR E, Ak 14
615.3 kg/hm®, XfEL# MIALEE DiNg, 75 B
18.5%; FLU/E DNy, 77 E A4 14 366.2 kg/hm?. D3N,
AbFE ARG, 1A 8 221.1 kg/hm? . MENEAK -k
%, 288 kg/hm? IR NE A B AR E. MRS EE,
27 T3 7% Ihm?® R 55 B B o M= B DR T R

E, BICACEFIARAE R TR0, fE. ghseX
(A8 3K B4 R BN 535, e RO U I KT
IR 25 58 (1) B DR i 7 8 A R 3, AR L
AP B, DoNg AbFE R, DaN; ff, i
TR FEREE R R = B f S B A IR o MR FH K
FORE, MEMREEM, . REE AR EIE
REZEFIR R A GG, Mm% E T DN, AbH
RIERZRAMET EE L . B DaN,g AHAI
REAR 22 F) % e, N 10.49 kglkg, {H7P B AR
DNy AbER SRR F A% . 5T HEARM 26 7= 771
5, SEETFHUAERR N, BN, H
FEEAE R R, FEE I MAEF R . G
BRI, DoNg T DN, AT HEFEAE A= h 2 2%
B
27 REKTEEFEZEEATEREIERSS
IKFEFEE MDA R R M 2

M 5 AT %0, KRS~ S s R . SR
SRS (r=0.57 M r=0.44"), {H5 13 pH 1
IR A, S HADE AR S R IR B
RAEF R 5 M A & 8 5 E M %
(r=0.58"), 51338 pH -1 358l Bl A G . IR
A7 5 S AR S B B S A (r=0.527) .
Ab, WEFERIL1E pH S GBS B, M5
BRARE. SIS . B S R . B
FH O PE Ry, RO S R 2 TA) I A ok
(r=0.32).
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Table 4. Effects of interaction between nitrogen level and planting density on rice yield, its components and fertilizer use

efficiency.
Jhs gy TR FE LA SR FABAR 2RI A% EAHR A= 71
Treatment Yieldl (kg hm ™) Thousand seed Number of panicles Grain number per  Seed setting  Nitrogen fertilizer agricultural Fertilizer partial
weight/g per 667m?/(<10%) panicle rate/% utilization efficiency/ (kg kg ™)  productivity/ ( kg kg ™)

D:N; 11124.14799.2 b 225403cd  220.3+6.7d 224.7#12.3 abc 89.0+.2 abc / 49.44
D:N; 11957.94299.7 b 21.240.4f 246.0413.8 cd 229.748.7a 89.3+.1ab 3.86 27.12
D:N3 12331.74949.1 b 24140.7a 248.647.9 cd 205.9+10.8 cd 87.540.7 cde 4.19 24.04
D:iNy 11338.7#49.9 ¢ 21.3H.2 ef 241.8+15.6 cd 220.0+11.3 abc 88.5:4+1.0 be 0.60 19.38
D:N; 13037.5+1398.6 ab 22.94#05bc  253.6%22.1c 224.646.9 abc 88.340.4 bed / 57.94
D:N; 14366.24699.3 a 22.240.4 cdef 311.0+14.7b 207.9+15.2 bed 86.840.7 de 6.15 32.58
D:Ns 14615.3+1098.9 a 22.240.6 cdef 376.7220.7 a 174.8+13.7 ¢ 89.3+1.3 ab 5.47 28.49
D2N,4 13165.64449.6 b 22.440.7cde 321.1#19.3b 182.9+12.2 e 86.5#.5e 0.36 22.51
DN, 8221.14499.5 d 22.240.8 cdef 164.4495¢ 224.9+10.9 abc 90.1#0.6 a / 36.54
D3N, 9259.14749.3 cd 23.7#1.1ab 172.4H145e 226.437.3 ab 88.940.8 abc 481 21.00
D3N3 9466.74499.5 ¢ 21.140.2 f 233.7+18.9 cd 191.9+16.0 de 86.440.7 e 4.33 18.45
D3N, 11999.5+1148.9 b 21.740.3 def  236.2426.7 cd 233.9+14.8a 89.2+1.3 ab 10.49 20.51

S AE7KF Nitrogen level(N) ool NS ool ol *

W% Growing density(D) * NS i ok *

N>D sk ek kek * ke

5 KFEMFAE 0—20 cm EFELIRTT O Sk R~ B R IER A A RAEX M S

Table 5. Correlation analysis between soil nutrient contents and rice yield and fertilizer utilization rate in 0—20 cm rice soil

layer during rice maturity.

o ) A RO R R PLT FUEAR 2 F 2ok AR A 71 S
LES S dggpn R R TR RS ke
Soil alkaline Soil available Soil available Soil organic Nitrogen fertilizer agricultural Fertilizer partial
Correlation coefficient Soil pH Yield
nitrogen phosphorus  potassium matter utilization efficiency productivity
4 pH Soil pH value 1.00
- 8EmR AR % Soil alkaline nitrogen -0.31 1.00
4 % Soil available phosphorus 0.38 -0.09 1.00
I3 24 Soil available potassium -0.33 0.04 0.32 1.00
THEA P Soil organic matter 0.13 -0.08 -0.29 -0.13 1.00
BUEAR SR 2% —-0.38 0.58" —-0.15 0.02 -0.24 1.00
Nitrogen fertilizer agronomy utilization efficiency
REAMi 427 /7 Fertilizer partial productivity 0.17 0.03 0.52" -0.22 0.15 0.17 1.00
AKFEF i Yield -0.32 -0.25 0.57" 0.44* 0.07 0.06 0.14 1.00

3.1 ARREKFEFELIRF DTN, KFE~E
FNZBEF AR ST

a2 Ry, AR S R
FUIE it FH B n o e, (K =it 2UIE & 51k +
w15 M POV 7 R It FH A 9 S 48 T
0—100 cm IR WAR S E, HUEENR &
R, AWTLA RS ML, BEE R RN,
BB AR A S B TR
ARG, . = A pH FRE, &

RS T, S AR S BT, Al
FiEsE M. ARER, NTFoELENE, X2
TR, LR N2 ek
fa B, IR pH s, B R
ERESER . BEREWENEERSE S
BEHEK, H A58 C/IN BRI PFE B o fi
TIEAENLR, R HBE, BAh, RREHEK
X RAEAR 2R AR RAOK R A W& . A
WEFCSAE N, BE RGN, AERMEAE = A
AR F I RCE PR X 58 v PP g i g —
B SHEEPTRIL, LA E T 150 kg/hm? i,
IKFEFFRL = AR R EN . HIXLmt A eL, &
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W7 288 kg/hm? [ &UH B, i DoN,
W3R, N 14 615.3 kg/hm?, 2 DoN,
AbFEFE R, 14 366.2 kg/hm?. 78R, 3& B (1
FE AT LA g Ao A B i RORF L AR
P, BT R Z M TR R, AT
PR, (BRI A — E PRV A B
WEER, dERERSSSUKEEFREKEE, ™~
BRI, g2 BTk, AHFFH 288 kg/hm? (it &
BRI AES
32 AEHEZEMNEHTIEFRSTSE. KiE~E
FRALF) AR

AN [i) S L 5 %o AR G 1 3 R 20 AR Ak [ RE A
R . BRI AL, R 2 X A TR 4y
FEFREM NG B3 . BT APV T, g
B RS B ET T REVE S R I N R D . A
T, BEEFRMEE R, KR pH 5iEAL
B & BB AR, 0—20 cm L EBRA S B A F+
w1, AU S RS T R IEI T R R
A A LA T KRR B0 33 35 0 R i LA & 9 Ak
FEWIAE S S, AR R R 2 B K R AR
A% 20 P R A B B X O e R T K
e 7 R B AR 4 B (e I v, AR
a2 FBE o AW FEE RS 2 AL HIREAEKT T,
TR 7 I A R 5 R PR3 i S T i BRI, g
FERKFEr B . FUELIE N, 38 IR ARAE 2 1
T AR EE, Bt m T A SRR L KRR
R f % AT R0 398 55 4 R P Y o e T
w1, BERMRA = ST i fE B AR . X TR 2 R
FICRM S, B DaNg 2F E ok, HAR Y
BEARAE 2 FE I T BRI, R R KR RUIEAR 2
R R B SOmATE A 27 J37%/hm? [
B E R A
3.3 TEFNEKETE. RIEFANERZERX
AR RIKESREZERRZ BRI

MR, KRS Lok, &
MRS EREME, X 5XNEPIRIRT T R A —
o AN, KFEFEES I pH IR IR R A
Ko REER, FroKkmEtommtE+5, pH d5
SRR R, B DR i 3 E
IKFERI AR . KRS A IR R R R A B
Wi KR AR B AR RIS R 2k o IR FH %
5 a S R B, IEMRA S
HR S EW R EMK. Brel, A EAL DL P
(1) 38 77 5 B AR P e e AR R R 2 o6
9,
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BUE K 5 3008 % B2 s AR ) AR KA = &
BB, H AR B 5 TR R,
AR T, BAEK5 A % P 385557 o
FeAr 3RO B2 A8 BN o IR B 18 e 2
&, T3 pH fE, AVURES RS E N, ®
R I G b e R R s, I
pH FIE N & B R, 3R Z R S b 5 38 ;
REIG ARG 2 B, A& = G SRR
R, WS BT E. A4, FUIEKT 5
S ER KRG WA W A BN, HiEE M
UK TR A 25 B2 4545 R Tk Ag 3i A5 e =,
KPR, LEEHE 288 kg/hm? i,
BN 27 JiIhm® I PR IR R SR
kB, YA 360 kg/hm? jif, A 30
Ji R Ihm® B R R R e, (HP R A R R
e PRI, FESERRAR = A SR R A A A
A IR, AR S S B AR

4 LEip

D)FE KRG A T3 i oA b, Bl 2
R, SAFE. B AL GRS RHSHE
TE, pH EE TR . Hr DN, A E AR S &
FF% T 60.8%, D3N3 A BHIH R M & FRAK T 72.7%.

QBEE RSN, I3 pH BT R, K
MEsETHE, AIURSE T, IEEMRAR IRE
FEAR S R BRI B AR S B s n, +35
pH S5#BE S EER N, RETEHMMESE
WA TR, AHUR S RS IERMR A 7 e T B
1. ZUEAR R F R B

G AT AL, MBI N 27 Fi 7 /hm?
i, BRI 288 kg/hm? F1 216 kg/hm? jiti [, 7K 7%
PR ENEAR ORI R, A E R AR A
=, EHEESEWER, ST E ARG r
b, AEARLE LR B X R KR A P rh HERE N
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