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Abstract: [ Objectives ] The pattern of dry matter accumulation, N absorption and utilization of early, late and
middle rice were summarized, to provide a theoretical basis for scientific application of nitrogen fertilizer.

[ Methods ] We collected data from China National Knowledge Infrastructure Database and China Science
and Technology Journal Database. The searched key words included year 2000—2016, field experiment, indica
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rice, optimum fertilizer treatment for best target yield, etc. We analyzed the yield, N accumulation and uptake
for 100 kg grain production in early, late and middle rice. Based on above results, field trials were carried out in
Dajin Town, Wuxue City, Hubei Province, in 2016 and 2017. The dry matter weight and N content in the key
growth period of rice were determined, and the N accumulation was calculated. The logistic equation y =K/ (1 +
ae ) was used to fit the dry matter and N accumulation process of rice, to studied the dry matter accumulation and
N absorption and utilization of early, late and middle rice. [ Results ] The qualified sample number for early, late
and middle rice were 92, 116 and 132; for N accumulation were 55, 56 and 55; for N uptake per 100 kg grain were
50, 48 and 54. The experiments covered provinces of Hubei, Hunan, Jiangxi, Guangxi, Jiangsu, Anhui, Zhejiang,
Fujian and Sichuan. From the published literature the average yields of early, late and middle rice were 7.40, 7.84
and 8.67 t/hm’, respectively; the average N accumulation were 140.8, 148.9 and 157.7 kg/hm’; the N uptake for
100 kg grains were 2.00, 1.92 and 1.79 kg, respectively. Our field trial results showed that the dry matter
accumulation of early, late and middle rice were in line with the growth trend of “slow—fast-slow” , and the
rapid accumulation period of dry matter were 28—54 days, 24—54 days and 30-63 days after transplanting, all in
jointing—filling stage. The duration of dry matter accumulation were 26 days, 30 days and 32 days, respectively,
and in order of middle rice > late rice > early rice. The N accumulation of early, late and middle rice all showed
atrend of “slow—fast-slow” . The rapid N accumulation period were 17-41 days, 1446 days and 11-43 days
after transplanting. Duration of N accumulation were 24 days, 33 days and 32 days, respectively. The rapid
accumulation of N in middle and late rice were longer than that in early rice. The N use efficiency for grain
output of early, late and middle rice were 50.5-54.4 kg/kg, 54.6-57.9 kg/kg and 62.7-64.8 kg/kg, and that of
middle rice was significantly higher than early and late rice. The N partial productivity were 41.4-47.8 kg/kg,
56.1-58.8 kg/kg, 61.8-62.1 kg/kg, that of middle rice was significantly higher than early rice. [ Conclusions ] The
dry matter and nitrogen accumulation process of early, late and middle rice are accordant and all in “S” shape,
however, the intensity of dry matter and nitrogen accumulation are different. The duration of rapid accumulation
of dry matter and nitrogen accumulation in middle and late rice are longer than that of early rice, so they can
absorb more nutrients and accumulate more dry matter. And the yield level and nitrogen uptake are in order of
middle rice > late rice > early rice, indicating that middle rice need more nitrogen input than early rice and late
rice.
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Table 1 Basic physical and chemical properties of soil

Ay pIEE I (g/kg) 2 (gkg) AR (mg/kg) B (mg/kg)
Year Rice type pH Organic matter Total N Available P Available K
2016 A Early rice 4.9 19.1 1.4 72 106.0
WifE Late rice 49 21.2 2.0 14.7 61.3
g Middle rice 5.4 24.5 1.6 23.8 155.0
2017 H7# Early rice 6.2 223 1.8 8.2 51.0
Wi A Late rice 6.3 40.2 22 8.2 150.0
Hh# Middle rice 5.9 33.5 1.1 14.7 103.0
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Table 2 The top dressing and sampling time of early, late and middle rice
1 2016 2017
Growing stage FFE Early rice WA Laterice  #fF Middle rice ~ #5 Early rice  Wiff Late rice  "f§ Middle rice
#X Transplanting 5/4 7/28 7/2 5/1 7/29 6/22
53 BEM Tillering stage 5/26 8/18 7/19 5/18 8/22 7/12
P15 Jointing stage 6/2 9/6 8/1 6/2 8/31 8/2
74741 Booting stage 6/17 9/13 8/18 6/18 9/15 8/20
TN Filling stage 6/29 10/10 9/14 6/29 10/12 9/10
SE#UH Ripening stage 721 10/28 10/5 7/22 10/26 9/25
SYBEAE Tiller fertilizer 5/14 8/5 7/10 5/10 8/8 7/1
FAC Panicle fertilizer 6/17 9/13 8/18 6/19 9/15 8/20
/= H
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5/20 6/9 6/29 7/19 8/8 8/28 9/17 10/710/27

5/20 6/9 6/29 7/19 8/8 8/28 9/17 10/710/27

H 3 Date (month/day)
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Fig. 1 Dynamics of temperature and precipitation in rice growing period
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[7£ (Note) : ER—FFH Early rice; LR—HIfif5 Late rice; MR—™Fg Middle rice; B ™ K OH F T 5 AL 343 5 2R 25% Fl 75% ASA,
PR SER AR AL, 20 SRFTIME, FTFHMY LTSRS R 95% M 5% #5407 The lower and upper ends of the grey box

in the figure represent 25% and 75% points, respectively, the middle solid line represents the median, the hollow point represents the average

value, and the upper and lower short lines outside box represent 95% and 5% points, respectively.]
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Fig. 3 Dynamics of dry matter accumulation of early, late and middle rice
[£ (Note) : TS—/rEEHA Tillering stage; JS—34 171 Jointing stage; BS—Z#F#HH Booting stage; FS—# 3% Filling stage;

RS—5E# M Ripening stage; 0—7#%%k *4 X The day of transplanting.]
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Table 3 The Logistic model and characteristic value of dry matter accumulation of early, late and middle rice
4y S EES it ' L f 4t v i
Year Rice type Formula (d) (d) () (d) [t/(hm?-d)]
2016 FAFH Early rice y=13.58/(1 + 66.98¢70-10) ** 28 41 54 26 0.35 0.998
Wik Late rice y=16.96/(1 +34.81e709%) ™ 24 39 53 29 0.39 0.998
TG Middle rice = 17.39/(1 + 42.46e008) ** 29 44 60 31 0.37 0.990
2017 FLF Early rice y=12.87/(1 + 76.85¢ 0117y ** 28 41 53 25 0.34 0.969
HFF Late rice y=15.07/(1 + 30.30e0-0%) ** 24 39 54 30 0.33 0.998
Hif Middlerice = 17.50/(1 + 44.40¢ 0%) ** 32 48 65 33 0.34 0.983

1 (Note) : **—P<0.01; t,— TR BERAHRHHTAE] (5 148]) The time for maximum rate of dry matter accumulation occuring
(peak period); ¢ il t, 5350 T B AL B 4G (LR Aigs ok (&A1) ] 4, and ¢, are the begining and end time of the rapid accumulation
of dry matter; Ar—T )BT FL BH54E0FA] The lasting period of dry matter rapid accumulation; v,— T 4B KK 3K The maximum

growth rate of dry matter.
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R R R RS RS

2016 4F, LR T4 [0 AR SR 44 1 AP 4 S
TEB ARG 0~28 Fl 28~54 K, FLRMTYHE 54
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WG, e R e R Y T W BT P R 2R 4y S TE B R
24~54 F132~65 K, FHREHEES RN 0.29,
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B, IR B Ty R e E O R
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ARV R 3 ARG, Mo Frh A 46
LY Y SR T =

2016 4F, RRIEBIIG 15 KRiE AR Z Pk R
W1, TEBARIG 40 RESHPE R, Pl HIHr 2t [a)
Hh24 K, HBENARESLAEFTMN 58.1%, 1
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Fig. 4 Dynamics of N accumulation of early, late and middle rice
[£ (Note) : TS—/rEEHH Tillering stage; JS—34 771 Jointing stage; BS—Z#F#MH Booting stage; FS—# 3¢ Filling stage;
RS—5E#UH Ripening stage; 0—#4#% 24K The day of transplanting.]
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Table 4 The Logistic model and characteristic value of N accumulation of early, late and middle rice

G IKFREZE Wok i 4 f f At Vi &

Year Rice type Formula (d) (d) (d) (d) [kg/(hm?-d)]

2016 FL# Early rice y=134/(1 + 19.64¢ 011 ** 15 27 40 24 3.6 0.999
% F% Late rice y=166/(1+ 12.63¢70-08) ™ 14 30 46 31 3.5 0.986
g Middle rice 3 =148/(1 + 9.59¢700%) ** 11 26 42 31 3.2 0.985

2017 F5F Early rice y=126/(1 +26.39¢ 011 ** 18 30 42 24 34 0.971
Wif Late rice y=153/(1 + 10.42¢ 008 ** 13 30 46 33 3.0 0.997
g Middle rice 3 =146/(1 + 9.68¢0081) ** 11 27 43 32 3.0 0.973

£ (Note) : **—P <0.01; t,—AZRBHKFFHIAFE (F14H]) The time for maximum rate of N accumulation occuring (peak
period); ¢ Fl t, 7 N A EPUEFL BTG (dh ) 75” 25 (AR BYRTIE] ¢, and ¢, are the time when the rapid accumulation of nitrogen begin
(initiation period) and end (end period); Ar—Z%(Z L F EHFLEMHT[E] The lasting period for rapid N accumulation; v,—% & f KK 4 % The
maximum rate of N increase.

ZREREAVEER, WEESTREME G5, i THREMPE, ARZHREE EEE PR, &
LR RIEPAE R R T R ARy BRI 56.2%~74.1%,

16.65 Fi1 17.67 t/hm?, A% (13.60 /hm?) ZF5lgEd 2.5 FERFIAYE

22.4% F129.9%, WFE. MeRE. TREMBKRAZHER MR PRI E T SORPRLR U 50
5000 140.5. 168.5, 160.5 kg/hm?®, 75 W &K 1.8~2.0. 1.7~1.8. 1.5~1.6 kg (% 6), FRHEHE
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Table 5 Dry matter and N accumulation in grain and whole plant of early, late and middle rice

) KRR T# i Dry matter (t/hm?2) A ZFE N (kg/hm?)

Year Rice type FFki Grain R Total F#FHi Grain #pk Total

2016 HLAH Early rice 6.83+0.44 b 13.53+0.70 b 762+7.8b 1357+ 12.6 b
iAH Late rice 9.70 £ 0.25a 17.03+£0.51 a 1243+79a 167.8+9.7a
rfif Middle rice 1025+0.67a 17.85+0.82a 1127+63a 158.0+73 a

2017 A Early rice 7.89+0.34b 13.68+0.55 b 99.1+9.2b 1453+10.6b
R Late rice 926+0.83 a 1626+ 1.01a 1168+3.4a 169.9+9.8a
TP Middle rice 1020+ 0.14 a 17.50 + 0.40 a 1173+46a 162.8+ 4.6 a

I (Note) : [AIFVEHE G AR/ING FREFR/R A FIKREIE R R 22 55 5] 5% 427K Values followed by different letters in a column are

significant difference among different rice types at the 5% level.

Fo6 B, M. PENEIRFAYE

Table 6 Nitrogen use efficiency of early, late and middle rice

Ay IKREZE R AT RARRAR ke  AZWIIEH (%)
Year Rice type N uptake per 100 kg grain N harvest index
2016 ‘7-fF Early rice 20£0.1a 562+3.3b
W fe Late rice 1.7£0.1b 74.1£09a
rf1f Middle rice 15£0.0¢ 713+09a
2017 4% Early rice 1.8+0.1a 682+20a
WA Late rice 1.8+02a 68.9+2.7a
rf1#5 Middle rice 1.6+0.1b 720+16a

FHCHA:=7 1 (ke/kg) AEFRLE RO (kg/ke)
N partial factor productivity N use efficiency for grain output
414+270 50.5+32c¢
58.8+15a 57.9+3.0b
62.1+4.1a 648+13a
478+2.1b 544+28b
56.1+5.0a 54.6+4.6b
61.8+08a 62.7+13a

¥ (Note) : [RIFNEHEEAR/NG FHRERIRA R K AE 2 A W] 22 5355 5% 537K Values followed by different letters in a column are

significant difference among different rice types at the 5% level.

WE S TR, 2016 4F, PR RIBEAS A0 A R Ik
AR, HEESTRAE,; HE2017 FR
Fi. MafE . TREMNARBGRIERRA R EER . A
JIEAR £ 7 3 2N 4 2 - SFE A % 43 /K S R0 I kit
HZANEEERON, Akgedr, WiRg (56.1~58.8 kgke)
M AE (61.8~62.1 kg/kg) B EAC A 7= )1 J0 8. 35 22
S, WRFEEH TR (41.4~47.8 kg/kg), FRE. K
. PREPAREFRAE BRI 50.5~54.4 kelkg |
54.6~57.9 kg/kg. 62.7~64.8 kg/kg, H, FFEH
Y T (1o R AN E

3 ihie

3.1 B BENPRENTYRRAR

TR 28 2R WSO FH A2 B RSO | it
0 RGN PISER R, Ik, AEFT T
Br Lo = A R, B TR R R G
BHE TR S8 e, geit ot 7R . A,

Fef = AR R WAOR ) 22 50 FEIGERE B, R
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SR FH 1 e i o 7 e W 1 o

Yo A 7 R KA R U B A, KRS R
WG R, PR EtE T A 5 A Fe Ryt e,
AT R, PR R RN R85 R 25 5% el /K e 1)+
YRR R R Bl e, X e & Je i3 Logistic
B bR S8 AR, R AR AR BT
Ao AEE WL AERIIE SRR, T
FOE G BAAR WIS A 255, Ik, #57 Logistic
BRI UK R AE K R, AR T 1% 3 Mok T4



220 R R R L S 26 4

B R B AR AR 25 5 . APPSR SRR, R
FE. MR, PRI TR RS R R “S” Al
K, (HHEREE R, B9 5P s LR 0 4R 5%
W1 IR BRI DL R B R AR R A 2
5, RMELHR S, BRE. B, PN T
S AR R R Wy N AE R RS 28 ~54. 24~54
30~63 X, MAEIFIREE., MR R AR,
XA RB IR AR SR A G, PRI — e 4 AF
fE s A Ef), hRE—RES A Ta%E 6 Hda),
PEBASRBAR, KRR E A KBS, TY I3
R0 MR AR R S, LI R, AR
PRI AR, RetR B BEIFHE AR T, PR T
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