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Abstract: In order to quantify the effects of cultivation measures on rice yield formation, nitrogen absorption and utilization of rice, soil
nutrient content, and nitrogen and phosphorus contents of paddy tailwater, three interaction experiments of straw returning by fertilizer
varieties, straw returning by tillage methods, and tillage methods by fertilizer types were conducted, based on NJ9108 and Jinwuruanyu as
rice varieties. Results showed that: Compared with that observed in the no—straw-returning treatment, the average rice yield of straw—
returning treatment was 5.57% higher and the average panicle rate was 6.11% higher; the nitrogen absorption(NA ), nitrogen use efficiency
for grain yield (NUEg), nitrogen harvest index (NHI), nitrogen partial factor productivity (PFPy), and nitrogen fertilizer recovery (FRy)
were 3.30%, 2.16%, 0.70%, 5.46%, and 4.96% higher, respectively; and the total soil nitrogen (TN) and available nitrogen (AN) contents
were lower at the tillering stage and higher after the tillering stage; and the average contents of TN and TP in paddy tailwater were 4.83%
and 39.28% higher druing the whole growth period, respectively. Compared with that observed in the shallow spin treatment, the average
rice yield of the deep plowing treatment was 9.75% higher and the average panicle rate was 0.62% lower; the NA, NUEg, PFPy and FRy
were 3.27%, 6.33%, 9.76%, and 1.52% higher, respectively; NHI was 1.42% lower; the contents of soil TN and AN were 0.27% and 2.83%
lower, respectively; and the average contents of TN and TP in paddy tailwater were 4.23% and 12.71% lower during the whole growth
period, respectively. Compared with that observed in the fast—acting fertilizer treatment, the average rice yield of the slow-release fertilizer
treatment was 12.01% lower and the average panicle rate was 2.95% lower; the NUEg, NHI, and PFPy were 13.89%, 4.48%, and 12.05%
lower, respectively, whereas the NA and FRx were 1.92% and 3.85% higher, respectively; the content of soil TN was 1.50% higher, and the
content of soil AN was 2.83% lower; and the average contents of TN and TP in paddy tailwater were 6.31% and 1.12% lower during the
whole growth period, respectively. The highest yield value, a slightly higher FRy value, and higher TN and TP contents of paddy tailwater
occurred with the interaction among straw returning, deep plowing, and fast—acting fertilizer, whereas a slightly lower yield, the lowest TN
and TP contents of paddy tailwater, and the highest FRy value occurred with the interaction among straw returning, deep plowing, and slow—
acting fertilizer. The three-way interaction among straw returning, deep plowing, and fast—acting fertilizer was most beneficial for the
improvement of rice yield, whereas that among no straw returning, deep plowing, and slow—acting fertilizer improved the nitrogen fertilizer
recovery and reduced the nitrogen and phosphorus emissions from the paddy field into the atmosphere.

Keywords: tillage method; straw returning; fertilizer type; nitrogen absorption and utilization; nitrogen and phosphorus content of paddy

tailwater
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Figure 2 Effects of cultivation measures on rice spike rate
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Table 1 Effects of cultivation practices on material production and distribution of rice

R 4h T#)5i 47 & Dry matter production/(t-hm™) ZTRREL
Test Treatment 515 H Elongation stage FhAE ] Heading stage A Mature stage Economic factor
K 2 SSF 2.43+0.03be 9.33+0.31be 15.64:0.08b 0.52+<0.01¢
Test 2 SDF 2.70+0.15a 10.30+0.44a 16.01+0.15a 0.57+0.01a
NSF 2.29+0.05¢ 9.17+0.24¢ 15.32+0.25¢ 0.51+0.01¢
NDF 2.510.11ab 9.93+0.11ab 15.62+0.18b 0.54+0.01b
21 3 CK 1.34+0.03h 5.87+0.36h 10.91+0.06¢ 0.42+0.01¢
Test 3 SSF 2.05+0.17a 9.18+0.56a 15.84+0.23b 0.50+0.01b
SDF 2.35:0.13a 9.78+0.65a 16.79+0.29a 0.55+0.01a
SDS 2.32+0.08a 9.48+0.43a 16.90+0.20a 0.50+0.01b

TE ARV NE FEERRAEPRIE A 0.05 /K- F 285 35 (LSD ki) o SCP 20 LB B —3285 0 R 1A,

Note: Different lowercase letters indicate significant differences between treatments at the level of 0.05(LSD test). The multiple comparisons in this

paper are a single experiment. The same below.
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8.69% .2.57% 11 10.54% ; R AL HE 1) + e AR & &
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Table 2 Effects of cultivation practices on nitrogen uptake and utilization in rice at maturity

WG 4 P 4 - 5 I | ] 2%
K _ALI\IE Nilroi?lflake/ Nilikfn*iijiﬁt Ijrojﬁion . 'ﬁ?ﬂﬂ{%’?{?ﬁﬁ lﬁﬁiﬁ%gnﬁl Nilihisj fJer:lji:zer
Test Treatment (kg+hm™) efficiency/(kg-kg™) Nitrogen harvest index/% productivity/(kg-kg™) utilization efficiency*/%
JEoa| SSN 91.35+1.51d 68.38+0.84a 64.65+0.41a
Testl SSL 176.40+2.23¢ 57.59+0.78b 62.30+0.68bc 37.60+0.38¢ 30.36+0.82¢
SSS 197.25+5.49a 49.68+1.89¢ 59.33+0.72d 36.28+1.17¢ 38.13+2.04a
SSF 194.85+2.36a 57.98+2.38b 61.72+0.60c 41.82+1.39a 37.21+0.87a
NSN 85.95+1.40e 68.12+1.31a 64.05+0.40a
NSL 172.65+1.27¢ 56.20+1.46b 59.08+0.74d 35.92+0.92cd 30.81+0.47¢
NSS 185.40+2.46h 50.15+0.89¢ 59.93+0.40d 34.43+0.42d 35.55+0.92b
NSF 183.75+1.95b 58.14+1.03b 62.75+0.72b 39.57+0.75b 34.96+0.72b
1 2 SSF 180.45+1.65a 54.17+0.58b 54.54+0.83a 40.74+0.66¢ 3.64
Test2 SDF 187.50+1.26a 57.72+0.83a 53.38+0.66b 45.10+0.46a 7.53
NSF 177.00+1.89a 53.29+0.68b 54.47+1.15a 39.31+0.58d
NDF 184.95+1.13a 54.42+0.66b 52.90+1.17b 41.94+0.39b
I3 CK 85.65+0.84d 58.07+1.23a 63.22+1.04a
Test3 SSF 180.60+1.25¢ 52.86+1.66¢ 55.79+1.03be 39.79+1.40b 35.19+0.46¢
SDF 184.80+1.36b 57.24+1.50b 56.44+0.91b 44.08+1.15a 36.74+0.50b
SDS 190.35+1.60a 49.46+0.55d 53.74£1.72¢ 39.24+0.72b 38.80+0.59a

T+ 5 1A ENE AR 35U 2 32058 3 2 AR S U AR X 1) 238= (s P Ak 4 DX 40— AN 0 P A2 380 XA 2 ) /it 260 X 100% o
Note: *Test 1 is the nitrogen fertilizer utilization rate, Test 2 and Test 3 are the relative utilization rate of nitrogen fertilize , and the relative utilization
rate of nitrogen fertilizer =(nitrogen uptake in the field treatment area — nitrogen absorption in the non—return treatment area) / nitrogen application amountx

100%.

R3 RERENKBEAREENALIEER £BHZIT
Table 3 Effects of cultivation practices on soil total N and total P

4 Total P/(g-kg™)

4% Total N/(g-kg™)

S 4bFR - — . _—
: oS R e B 1 B Y L7 R ol L T R ="
Test  Treatment Before i Elongation X Before h Elongation X
. Tiller stage Heading stage Mature stage . Tiller stage Heading stage Mature stage
planting stage planting stage

I2  SSF 1.89 1.93+<0.01b 1.95+<0.0l1a  1.74+0.0la  1.72+0.0la  0.62  0.67+0.0la 0.66+0.0la 0.57+£0.0la  0.53+0.02a
Test2 SDF 1.89  1.93+0.01b  1.94+0.0l1ab  1.71+0.0lab 1.69+<0.01b  0.62  0.66+0.02a 0.63+0.0l1a 0.55+0.0la  0.53+0.01a
NSF 1.89 1.96+£0.01a  1.93+0.01bc 1.68+0.01b 1.64+0.01¢  0.62  0.64+0.0la 0.65+0.02a 0.58+0.01a  0.55+0.01a

NDF 1.89  1.95+<0.01a 1.92+0.01c 1.67+0.01b 1.66+0.01¢  0.62  0.63+0.0la 0.66+0.02a 0.53+0.0l1a  0.51+0.01a

R 3 CK 1.87 1.86+<0.0l1¢  1.86+0.01b 1.72+0.01b 1.71£0.01b  0.59  0.58+0.01b 0.56+<0.01b 0.56+0.0la  0.52+0.01a
Test3 SSF 1.87 1.94+0.01a 1.96+0.01a 1.74+0.01b 1.71£0.01b  0.59  0.66+0.0la 0.64+0.0la 0.55+0.02a  0.52+0.01a
SDF 1.87 1.93+0.01a 1.95+0.01a 1.73+£0.01b 1.70£0.01b  0.59  0.66+0.0la 0.61x0.0la 0.56+0.0la  0.51+0.01a

SDS 1.87 1.90+0.01b 1.89+0.01b 1.83+0.01a 1.80+0.01a  0.59 0.64+<0.0la 0.63x0.0la 0.55+0.02a 0.51+0.01a

FUTRTE AL BHAS I 3 73 301 P 44 B R AR 1.37% . 2.38% . 3 A0 G0 RN R0l 55 ) 52 W) 35 04 SRR 4 Wl
3.26% \4.25%; K& F ik B AR 7 AR B 38 st AR S AL
RS L, R 3 IR Y L 27 BEREXNAEEIEAEHPEEHEKER A

RCR S B E VR OBE AL B A A ) S REAIR 1.27%
2.74% . 3.82% . 2.23% 5 Z% F¥ NE Ab B (1) 1 B 250/ %
S, TE S0 BE A AR T I R RO A P G S AR 3.73%
F18.51% , 75 LA 8 2548 55 2.30% ; BV 7 A AL
Ak PR A 3 b s SO B TC R A . A A BT

BRI

e 5 AT, e 1 P RS AR I Ak 2R K Y VA
D FE 5 BE I HOAS FE AN A6 Ab 3P 38 B RIS
5.70% , FE4R 17 B AN R A LU RS FT AN IR FH A BEOF-34 (.
EHER 5.96% F16.46% ; SHEFFAN A AL FEAR L, 5 FF
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Table 4 Effects of cultivation measures on soil available N and available P

FiR

F2EFEH

H R Available N/( mg- kg™ )

AR Available P/( mg-keg™)

R b¥ - - o -
Ton e e gm0 gy B e
planting Tiller stage stage Heading stage Mature stage planting Tiller stage stage Heading stage Mature stage
I 2 SSF 65.30 76.33+0.02¢ 79.32+0.05a 69.43+0.21a 60.37+0.07a 23.30 28.48+0.07a 24.42+0.11a 21.61+£0.02a 19.25+0.15a
Test2 SDF 65.30 75.30+£0.06d 77.27+0.15b 66.89+0.05b 58.58+0.04b 23.30 28.37+0.05a 24.39+0.01a 21.77+0.33a 19.18+0.03a
NSF 65.30 79.59+0.02a 72.82+0.05¢ 67.41+0.08b 55.37+0.03¢ 23.30 28.38+0.09a 24.19+0.09a 21.03+0.14a 19.26+0.08a
NDF 65.30 78.49+0.10b 71.25+0.14d 65.49+0.30c 52.24+0.14d 23.30 28.27+0.05a 24.44+0.15a 21.37+0.0l1a 19.10+0.07a
150 3 CK 64.80 64.33+0.05d 63.68+0.21d 60.31+0.03¢ 57.82+0.14b 22.60 21.69+0.09b 20.72+0.03b 18.51+0.13b 17.39+0.17h
Test3 SSF 64.80 76.28+0.06a 79.17+0.03a 68.93+0.06a 59.22+0.09a 22.60 27.44+0.12a 24.41+0.13a 21.52+0.14a 19.33+0.05a
SDF 64.80 75.31+£0.07b 77.00+0.11b 66.30+0.09b 56.60+0.22¢ 22.60 28.00+0.02a 24.34+0.05a 21.46+0.08a 19.53+0.01a
SDS 64.80 72.50+0.06¢ 70.45+0.13¢ 66.61+0.23b 57.90+0.26b 22.60 27.79+0.13a 24.28+0.03a 21.60+0.05a 19.60+0.24a
R5 BRIERENKEIZEEENBEARKSR . SBHMMN
Table 5 Effects of cultivation measures on total N and total P in the tailwater of paddy fields
A Total N/(mg- L™ S Total P/(mg- L™
g oL S BEL ﬂ?f;jf;ﬂ; e il I BE) @iﬁ(::ﬁﬂ e A
Test Treatment s ¢ e 7 7 e
Tiller stage Elongation stage Heading stage Tiller stage Elongation stage Heading stage
{5 1 SSN 1.72+0.02g 2.03+0.02¢ 1.71+0.03e 0.21+0.04f 0.47+0.04e 0.34+0.03¢
Testl SSLL 5.53+0.03d 5.73+0.02c 2.18+0.03c 2.85+0.03d 1.4120.01b 0.42+0.02ab
SSS 5.27+0.03e 5.64+0.02d 2.37+0.02b 2.94+0.02¢ 1.42+0.03ab 0.46+0.02a
SSF 6.02+0.05b 6.34+0.02a 2.48+0.02a 2.95+0.02¢ 1.45+0.03a 0.39+0.02bc
NSN 1.91+0.03f 1.88+0.01h 1.62+0.02f 0.31+0.03e 0.39+0.04f 0.24+0.03d
NSL 5.74+0.03¢ 5.51+0.02¢ 2.03+0.02d 3.28+0.02a 1.22+0.03d 0.36+0.03¢
NSS 5.68+0.03¢ 5.22+0.03f 2.22+0.02¢ 3.11+0.03b 1.22+0.02d 0.41+0.02ab
NSF 6.33+0.03a 6.02+0.01b 2.34+0.02b 3.21+0.04a 1.26+0.02¢ 0.35+0.02¢
1 2 SSK 5.17+0.04¢ 5.48+0.04a 2.32+0.05a 2.20+0.02b 1.47+0.06a 0.47+0.06a
Test2 SDF 5.02+0.06d 5.35+0.05b 2.13+0.06bc 2.04+0.06¢ 1.21+0.05b 0.32+0.05b
NSF 5.56+0.07a 5.11+0.03¢ 2.23+0.07ab 2.54+0.07a 1.09+0.04bc 0.34+0.03b
NDF 5.39+0.05b 4.98+0.06d 2.11+0.03¢ 2.31+0.05b 0.97+0.05¢ 0.24+0.06b
553 CK 1.88+0.04d 1.92+0.02d 1.62+0.06d 0.23+0.03¢ 0.31+0.03¢ 0.21+0.04b
Test3 SSF 5.73+0.02a 5.68+0.05a 2.16+0.01a 2.62+0.04a 1.53+0.04a 0.52+0.05a
SDF 5.51+0.05b 5.32+0.05b 2.06+0.02¢ 2.36+0.07b 1.28+0.04b 0.43+0.04a
SDS 5.32+0.05¢ 5.20+0.04¢ 2.11+0.01b 2.31+0.05b 1.25+0.05b 0.44+0.05a
i AR B FE K S i RS BEY- 34 B 2 AR W 17.57%, WABUIEA Y- 1455 11.54%.

9.69% , TEHR 1 V34 1 2 2 150 16.14% , FEFMEE I F- 15
PE155 18.38%. R RENEALBERE/K B R & i, FE A BE I
VPR T 3 L S Ak R A B P 2 R REAIR 11.349% AN
2.84%, LA AL 3T H AT 13.03% Fi14.36% , 74l
TR LU AR A 335 S 2 BRI 4.77 % , FEAR R A 34
2 B E AR 9.03% ;s SR REAE AL B R K R
FE 43 BE I H AR R S35 A Ak HF- 34 i 25 A1 1.79%
1 1.31% , 7E4 1 1A U RO AL B 341K 2.58%, LK
BAEALFEF-$4755 0.38% , TEAIAR ] L SALE AL FIF-34) {2

P 1%) WHARTY

BRI 2 RS AR A AR PR R K TP URR B, AR S
BEM LU RS AR AN I FH A 372 85 25 F3AI 6.94% , 74K 15
1735 8 25 4R 0 7.33% , FE AR -2 5 2.54% ; 5%
FFAS A HH AL BRAR HE , A% FF 8 FH A B3 A 2 K AP B il &5
i, TE AP BEIA S 1 B RRAR 12.58% , 7E 41T A1 B
FHE 1 30.10% , TEF B IDIF- 35 155 36.21% .. RAFAL 3
1y K RV S B B TR BE AL B, 45 191 53 )
B 2.98% .2.46% .6.81% , Mt & Fe /e 40 BEI FL 1R e
Ab BRSP4 (g S REAIR 8.23% , FEHR 15 F AR 43 531 F- 1
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1K 14.84% .30.86%..

IR E 3 R B AL R Y R K P RS B R e A
P13 591 B 5 IR 3.84% .6.34% 4.63% , Tl o
FE 3 BE A RN HR T 1 L R E A B R 2 RIS 9.92% Al
16.34% , TEAMAE AN 17.31% , S8 B0 b 33 114 J2 /K v
R B AE 43 BE IR 10 H o N b B i 2 R AIG
3.45% F12.26% , TEFMFE I B3 = 2.43%, BB & L TE
A3 BRI RN 1 391 50 BRI 2.129% 1 2.34% , 1E AR
P 2.33%.

3R ARG A HLg K BURS FEAA AR PR A R /K Hh
RS AR AT IIE T AR H AR B, AR T 4R e
i FTAS I FH A B BB Ab BEAE 45 IR 38 RE AR R /K b
AL B i B R A B KR B O S B
KT R AL B, DR T 4 o2 s e A 2R

3 iFig

3.1 BIFHEEKEERLZENZM

BT AR FEN N R T id A 3L 14 7K et DA 43 BE e A=
o B = e 0 B ) B 25 BE A — ELARIR T A b B AR
B2 A A SR R BURS AT ik S 25 TE K AR
BAERE AL ATAAR T AL AR . NPT 25 2R
KA AEART I (i W 7 300 ) s A TR T P 4k
(1 2R BRI /N T AN I FH AR 3L, AR Bsf F s A
. AWEFERI, WA R S A2 73 BETT I 21 g Ve
1, RS AT I P A TR KR 25 BE R — ELIR T AN e 1 Ak
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A ROR T M BER A A i U A AR A B, (ELRE
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20 om N A IERIE EJR R TRIZH9R ), LR
RIZFRIT O /N TR BEAL B, 7K R 43 BE K A B iUk
RGP BEMI IR 0 R B AR G, 70 BE A A M

BRI RO B B ARG R, DA, e Ak B
AT BEMUR RO 22 1957 70, TS 1 73 BE 1Y
JE R TN R BE RO R v R i SR AL AE o BE I
RS, J5 AN WORE B, et 23 BE R 0 B R A L IS
10 BRI O BECER I I, T R2 M 1 KA AL
FROCRE , FEAR 1 BRI, — 26 77 5 FIRT 1
T REAEI O T 3R ANHA L, T 73 BEIT I 4 P it
AR RE , LA RER F o BER B . A4S
SRALFRI, GO AL P ) 25 BERCRI BB A SR T 0
A AL AL P

KA Ty o AR SR S A T b A R
A EVIRY SRR, R FF b R KA A SR B
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BAR R i WA, AT Y 2RI b BRTE 3R
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B I A TSI b B, T A SERIRIE S B
Tt FF 25 88 MES Ak AL ) 74 A8 0 ot A R 20 A B0 A
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SRR RO R 25 5 o X AR W A R RS AN A
A, WA R A I e 4 ROk, HRGZ e R
R 4 v 45 A ZR AL 7 i (SR ok 2 K , TTIAE
O BE IR ZON B O R E TR0y, S EULE Y
AR K e T AR 2R o S 2 e T ML A 3, T
SYBEN TR A S G 2 5 o AR
G REAL ™ S REIICR C IK 100 d, X 30 T R ISR
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VRETRR Rt Y F 425 % o

Gy b BT, B R KRE Y, ARG R RS IA B
IR 7= S Y3 I 5.26% 5 1 24 iR B ZE o +
HEAEE PE S RN T S KRR A AT B
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