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Reducing nitrogen and increasing rice transplanting density in a cold region of China can improve rice yield,
nitrogen absorption, and nitrogen utilization

YIN Caixia', LIU Zhiquan', KONG Lili', LI Qian', ZHANG Lei', HOU Yunpeng", HAO Caihuan®*

(1. Agricultural Resources and Environment Research Institute, Jilin Academy of Agricultural Sciences, Key Laboratory of Plant Nutrition
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Agricultural Quality Standard and Testing Technology, Jilin Academy of Agricultural Sciences, Changchun 130033, China)

Abstract: To address the issues related to the excessive use of nitrogen fertilizer and the low transplanting density in rice, the effects of
reduced or increased nitrogen density on rice yield and nitrogen use efficiency were investigated, so as to provide a scientific basis for
optimizing the production of rice in the cold region of northeast China. A field experiment was conducted during 2019 to 2020 to evaluate
the effects of four cultivation management strategies on rice yield, shoot dry matter, nitrogen (N) accumulation and distribution, and N use

efficiency at Hongguang farm, Qianguo County, Jilin Province. The strategies were as follows: no N fertilizer and transplanting density of
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1.80x10° hole + hm™(NO), application of 235 kg-hm™ N and transplanting density of 1.80x10° hole-hm™(FP), application of 188 kg+hm™
N and transplanting density of 2.40%10° hole-hm™(SNHD1), and application of 188 kg+hm™ N and transplanting density of 3.00x10° hole -
hm ™ (SNHD2). Compared with FP, SNHD1 and SNHD2 treatment led to significant increase in the number of effective panicles and the

overall rice yield. In particular, SNHD1 led to an increase in yield by 7.8% on average over two years. Accumulation of dry matter and N in
each growth stage of rice including after full heading were promoted by N reduction and transplanting densification. SNHD1 led to better
results than SNHD2. Nonetheless, absorption efficiency, agronomic use efficiency, partial productivity, and nitrogen fertilizer use efficiency
of N all increased significantly in both cases compared with the FP treatment. For SNHD1, in particular, increases by 0.3, 6.2, 14.4 kg -
kg™, and 16.4 percent points were evaluated, respectively. FP, SNHD1, and SNHD?2 all led to a surplus in the apparent N balance in both
years, with the lowest value evaluated for SNHD1. A significant positive correlation among dry matter and N accumulation before and after
full heading and grain yield was observed. Moreover, the correlation between dry matter and N accumulation after full heading was higher
than that before full heading. The use of reasonable N application rate and transplanting density led to an increase in dry matter and N
accumulations during the entire growth period of rice, as well as to an increase in the accumulation ratio after full heading, enhanced yield,

and N use efficiency. Overall consideration of rice yield, N uptake and N utilization, the use of 188 kg+hm™ of N fertilizer and a 2.40x10°

hole - hm™ transplanting density represent the optimal cultivation conditions in the cold region of northeast China.

Keywords:rice; transplanting density; yield; nitrogen absorption; nitrogen utilization
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Figure 1 Average temperature and rainfall during rice growth period
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Table 1 Rice yield and its components under different treatments

iy T i e R T T
Year Treatment Yield/(kg-hm™) Panicles/(10*-hm™)  Grains per panicle Seed—setting rate/% 1 000—grain weight/g
2019 NO 7 178+222.7¢ 345.9+7.7d 95.0+4.2b 94.5+3.3a 23.6+1.2a
FpP 9 472+378.5b 375.1+8.5¢ 116.2+6.1a 91.0+4.1b 22.2+0.8b
SNHD1 10 189+241.4a 398.5+6.2b 122.3+5.5a 94.1+3.6a 23.5+1.1a
SNHD2 9 794+378.6ab 415.2+5.3a 115.4+7.5a 90.9+3.9b 21.2+1.1¢
2020 NO 8271+293.4¢ 353.8+5.6¢ 101.3+3.6b 94.1+2.8a 24.0+0.9a
FP 9 968+368.5h 386.8+8.2b 120.0+5.2a 92.2+3.2ab 23.0+0.7ab
SNHD1 10 765+283.1a 406.3+7.1b 122.5+6.9a 93.5+4.3a 23.9+1.0a
SNHD2 10 340+204.7ab 427.1+7.5a 117.8+6.7a 90.9+4.5b 21.9+1.2b
Ji 25§71 (ANOVA)
A Year(Y) o o NS NS
Ab R Treatment(T) o o o o
A0y PE(YXT) NS NS NS NS

T NSHORZEF AR, FRZEF L (P<0.01) ; FIFVEUE IS AN /NG Bl A RIAE Gy AR AR BIE] 22 53 8 2 (P<0.05) . T [l
Note: NS indicates no significance, **indicates extremely significant difference (P<0.01) ; Values followed by different lowercase letters in the same

column are significantly different among treatments in the same year(P<0.05). The same below.
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Figure 4 Dynamic changes of aboveground nitrogen accumulation amount of rice under different treatments at each growth stage
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Table 2 Fertilizer utilization efficiency of different treatments

RN Th e A s A U 1 S U T

;FEZ”: Trffim NUPE/  FIHZRAEN/ 7)1 PEFPNI Ff%
(kg-kg™) (kg-kg')  (kg-kg') REN/%
2019 FP 0.7+0.02b 9.8+23c  40.3+1.6¢c 21.3%53c
SNHD1  1.0£0.01a  16.0+1.7a  54.2+1.7a 37.9%5.1a
SNHD2  1.0£0.02a  13.9+1.8b  52.1x1.2b 33.5:5.5b
2020 FP 0.720.04c 7.2+24b  42.4x1.5b 24.2+5.1c
SNHD1  1.040.03a  13.3xl4a 57.3+1.5a 40.4+43a
SNHD2  0.9+0.0l1b  11.0£1.8a  55.0xl.1a 36.2+4.5b
12253 HT (ANOVA)
A0y Year(Y) NS NS ok NS
ALI\IE Treatmenl( T) wE H Hk w
ARy xAbEE (YXT) NS NS NS NS

s HEAERBR B EKF- . FEARRGEIEEZT  HF FP
Ab P A S 5 TR AR A R G, S BN AR
AR FE IR 44.1% ;11 SNHD1 1 SNHD2 4b PR
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Table 3 N apparent balance under different treatments
N#AR BARRNME R BARR

Ninput/ N uptake/ Apparent balance/ Surplus
( kg-hm™ ) ( kg- hm?) ( kg-hm™) rate/%

4y abA

Year Treatment

2019 FP 235  157.6+6.6c  77.4+6.6a  49.1+5.2a
SNHD1 188 178.8+2.2a  9.4#2.1c¢ 53+1.2¢
SNHD2 188  170.5:6.6b  17.5x4.4b  10.3x2.3b
2020 FP 235  168.9+6.3¢  66.16.2a  39.1+5.0a
SNHD1 188  188.1%3.2a  -0.1#2.1c  -0.1x1.5¢
SNHD2 188  180.2¢6.8b  7.8+2.4b 43+1.1b
5 225 W (ANOVA)
AN Year(Y) @ B &
HbFH Treatment(T) ok wE HE
AR <A B (YXT) @ ® ®

I R R BAT RS 9 2.6% F17.3%, H.SNHD1 &b
B RN E SEWARRBOHIE , AR B R TR
o UG AT UL, SNHDT &b 3 4 I8 $5 A FIRS %5
FERAE L, P LA KRR R R A4

3 itig

3.0 BERENABEFESHABEZNZMm

LERATTEARERN @ b 8 R Gt o Y o A
PR AR R E B R R AR SR B A RO R
SR KRR P B R B 2 M N P ISR EE
P& 155 K A A AR ORI R 302 S B KRR v 7 1 K
L, AW LERFE, 5 FPACFEAN L, SNHD1 &b B
P B 20%, RO RS RS E LS &
2.40%10°7C - hm™, KA )77 i i 2 4, LR 7 T FP
b 3R ) K FE B # % E K, RO IR A KA 5%
M) 7K A B AR 5 [ B 20 2R 1 3 o R N 5 UK R AE
T REM, TR oy BESE 20 I FOK RS G T i e,
FOKFEA BOREL 25 TR, S KR 7 = L T
SNHD1 &b 3 Hy T 8% 4% 2% B2 FVAUIE 8o & A, A
RS BER DM R & R  AE R A OB R A2 oE T
ShEUR PR T TR, MK RS - AR 8] T 8
P& 755 s SNHD2 Kb 1% 7% 5k %% i 42 = &2 3.00x 10° /X »
h™ (KRR A AR A 3l R, S ™ FE R AR
B2 B TARA R SZ I BRI R TR, 5
PRS2 /Ny B RSN | T SRR B 4 SR A
Tk A BT T R, KRS = g s AR . AT,
FEAKAFA W B A A AR 5 18 A
(R BRI R4, B4 A 2800 BEAR, bk Sk 22 109 TC R o) BE
K4 N8 T8 BOH: A A 5 ot ot R K R R A4, RIS
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