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Table I Rapeseed seeding rates and fertilizer application rates under different treatments

24 HE Compound fertilizer

yisiil R/ (kg/hm?) - e/ b PR 2 I/ (kg/hm?) AP/ (kg/hm?)  HAEFRS A/ (kg/hm?)
Treatment Seeding rate Firke i o (kg b’ Urea application rate Organic fertilizer Pure nutrient input
Types Application rate
T1 9.0 0 0 0 0
T2 9.0 15-15-15 750 150 0 406.50
T3 9.0 25-7-10 675 0 0 283.50
T4 10.5 25-7-10 675 0 2250 373.50
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A=BX(CXx10? (1)
I,=Y/B, <100 (2)
E.=(Y,—Y,/F (3)
Pp=Y,/F (4)
Ree=(Y,—Y,)/Y, X100 (5)
Ew=(Y,—Y,)/(A—A,) (6)

K (D)~ (6)H, AN FE5 LR & (nutrient accu-
mulation) , kg/hm?*; H: o B & 4 ¥ & (biomass) ,
kg/hm*; C A %43 ¥ & (nutrient content) , g/kg; Iy M
W 3K 45 %4 (harvest index) , % ; Y 2 7= i (yield) ,
kg/hm?, B, Ay 4 I+ #8499 & (aboveground biomass) ,
kg/hm?; E, A JE K} 4 2% ] F >R (agronomic efficien-
cy) , kg/kg; Y, M it A Ab B 7= 5 (yield of fertilization

treatments ) , kg; Y, A A5 i AIE &b B 7 £ (yield under
non-fertilization treatment ) , kg; F° 4 EAH it FH 42 (fer
tilizer application rate, 4 N+P,0;+K,0O & F1) , kg;
Pep 4 NE B A= 7 J (partial factor productivity) ,
kg/kg; Rpe M BE KE 5T #k 2R (fertilizer contribution
rate) , %0 ; Epp 0 JEBFAE BRI H 2% (physiological effi-
ciency) , kg/kg; A, 2 jifi AE Ak 3 7% 43 BB B 4 (total
nutrient accumulation under fertilization treatments) ,
kg ; Ao R AN it AR Ab B 57 3 B 8 B (total nutrient ac-
cumulation without fertilization) ,kg.
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Fig. 1

Net photosynthetic rate (A) ,transpiration rate (B) ,intercellular CO,( C),stomatal conductance(D),

instantaneous water use efficiency (E) , SPAD value(F) and leaf area(G) during the rapeseed seedling
stage under different treatments

x2 ARAETHMXTEMNEYE
Table 2 Rapeseed yield and biomass under different treatments

AbE #2/(kg/hm?) 25+ /(kg/hm?) KR i/ (kg/hm?) kR E %
Treatments Root Stem-+Silique wall Seed yield Harvest index
T1 746.7+73.07c 2205.6+315.22b 1015.74+173.11c 31.84+2.9a

T2 1743.5+86.78b 5906.0+396.43a 2 058.64203.75b 25.9+1.2¢

T3 1732.94+122.10b 6 121.34577.6a 2214.74346.91ab 26.74+1.8bc

T4 2 025.24100.08a 6152.24422.79a 2481.34310.21a 28.8+1.4b

2.3 AEIAEXT 28K EF B0

P2 3 1T UL, T2 Ak 35 Ak v A 6 K B A A
T T3 T4 A A 4t & (B ER AR E (P>
0.05) o 1M T4 &b 3 ) 3= 467 £ AR — G o3 A 8
KT T2 R T3AERL, 435 4 7.1%6 7.7 % R 3.3%
6.3%, = HZHFHZFARE (P>0.05). HEY
T2 M1 T3 AbHAH E , T4 4b A £ 5 588050 5 48
20.5% F115.3% , 5 B T4 kb FH A B $ s £ 2
T I BN A ASEOR A R SR BOR SR s H T4 Ab 3
AR B RV A SRR 38 T T2 R T3 Ab B34 Ik 2%
P (P<<0.05) , M RA B A il 55 7.5 00 #1 6.2,

£ FR B R 10.5% M16.6% ., 5 T2 1 T3 Ak
ARG, T4 AbHRAY TR B 42 55 7.6 Y0 F1 5.2 %0, A7 AE
WEES (P>0.05), gl , feftEzs i yiE+fa
HUREAE (T4 b3 ) 38 2o 485 755 o R85 bR A SR8 A
TR BE A SR B TR0, 5 2 S BRI SR AT = o
ORI
24 AELEINHEZBUFIRRERDELL
151l &) 54 Wiy

AN T A BT H S SR 4 B R RN E I ER 4 TR o
HE R AU AR 2R R B R = 25T+ AR R >
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Table 3 The agronomic traits and yield components of rapeseed under different treatments
. FAET 3 — ok Xy % S (SRS Tk ki s/
e N SRl /mm AR em PIAS IR S YRR CRVVIE S fﬁ%k BEfMARE TRE/g
B /em o Number of Number of Number of J#/cm Number of 1 000-
Treat- . Stem Main inflorescence . . . . . - .
Height . siliques on main primary siliques per Silique seeds per grains
ments diameter length . . .
inflorescence branches plant length siliques weight
T1 113.8+ 11.9+ 454+ 49.9+ 2.2+ 67.0+ 7.8+ 20.2+ 3.32+
5.28b 1.85b 8.15b 8.51b 0.97b 20.05¢ 0.91c 1.38¢ 0.09ab
T2 164.3+ 20.8+ 56.2+ 75.8+ 7.8+ 252.7+ 8.0+ 21.9+ 3.17+
6.11a 1.83a 5.57a 8.77a 1.66a 71.57b 0.75bc 1.75b 0.13¢
T3 158.5+ 21.0+ 53.8+ 78.6+ 7.9+ 264.1+3 8.1+ 22.7+ 3.24+
) 1.80a 1.34a 6.70a 4.62a 0.99a 8.17ab 0.82b 1.47b 0.12bc
T4 160.0+ 21.0+ 53.6+ 8l.2+ 8.4+ 304.6+ 8.6+ 24.2+ 341+
4.16a 1.52a 4.56a 5.64a 1.50a 59.34a 0.77a 0.64a 0.09a
x4 HRBEANERBEAFSHRRRESE LA
Table 4 The accumulation of NPK and their proportion in various tissues of rapeseed
2 Root ZEFF AR Stem + Silique wall KPR Seed H&Fk Plant
FNFA A 48 (kg/hm?) iy BB 0 FABR/Geg/hm) L FABLR/ e/hm)
Nutrient  Treatment Nutrient ! Nutrient ! Nutrient ‘ Nutrient
. Percentage . Percentage . Percentage .
accumulation accumulation accumulation accumulation
T1 4.6+0.45b 13.740.72b 7.241.02¢ 21.2+2.00d 21.9£3.73¢ 65.1+2.72a 33.7+£1.47d
T2 13.2£0.66a 15.5+£0.41a 23.5+1.34b 27.7£0.91b 48.144.76b 56.841.30c 84.84 1.99¢
N
T3 13.2£0.93a 14.3+0.46b 27.842.55a 29.941.60a 51.7£8.09ab 55.842.06¢ 92.743.48b
T4 13.8+0.68a 13.8+0.36b 25.3+1.65b 25.3+1.07¢ 60.947.62a 60.9+£1.43b 100.0+£2.33a
T1 0.5£0.05d 6.1£0.45¢ 1.240.17d 13.34+1.63c 7.1£1.21b 80.7£1.99a 8.8£0.22¢
b T2 2.6+£0.13a 10.94-0.43a 4.840.19a 19.94-0.58a 16.641.64a 69.2£0.83¢ 24.04£0.29a
T3 1.6+0.11c 7.6£0.40b 3.1£0.25¢ 14.64 0.94b 16.542.58a 77.8£1.33b 21.20.37b
T4 1.840.09b 7.6 0.29b 3.5£0.19b 14.64-0.63b 18.742.34a 77.94£0.89b 24.1£0.27a
T1 18.64+1.82¢ 22.940.44a 54.9+7.84c 67.5+1.48d 7.7£1.32b 9.6+1.04a 81.2£9.65¢
K T2 43.5£2.16ab  18.2+0.16c  177.6+11.86a 74.4+0.57a 17.54+1.73a 7.3£0.42b  238.5+14.03a
T3 45.1£3.17a 19.34+0.23b  171.04-16.15a 73.2+£0.83b 17.442.72a 7.5+£0.60b  233.5+£19.32a
T4 41.4+2.05b 19.64+0.15b  150.34 9.96b 71.1+0.68¢ 19.6+2.44a 9.3£0.53a  211.3+12.01b

14 m 26.62%0 A1 17.8%, A 4y EC & 3G m 7.2% F
9.1%, = HEFRT B R C W E 225 (A T4
b RERL R 5 AR ST T2 R T3 AL BEHE i 12.6 %
F101% . 15 T2 AbHAH EE, T4 Ab P47 19
FUE WS = AU BC 5 IS, Bl 7 AR AR ZEAT A
2R Hz TP A R B R A BE L B R AR . DR T4 b
PR AR Wi 22 HL IR T R RS R 80R T E
PR SR i RN 25 AT + M R AR > Fe b, =&
FERPRL A AR B TG B 25 S (P>>0.05) , {15 T2
FUT3AbFEAR LY, T4 Ab S FFRL TP g 27.4 %
24.0%, TARFRAEMR P RY#IAR R EALT T3 M T2
AR B HRE 7T 1.6, MR ERZER
A ZEAT R SR v, T4 Kb B A4 2L AT R0 8
BRORSR A HE AR B F T2 M T3 Ab S D
15.4% . 4.4% F112.1% .2.9% . x—&5 R0, BIR

BRAR B i AR T 2E AT AR R e R T T2
A T3ALIE, 58 BP0, T4 A FEAGHR 55 2[Rl A
[ SS Al R s % & iR =
2.5 FREAEXTHIEK D FRERF FH R
AN T] Ah BT 38 25 REURE A K 43 R 28R A 56 5 B
7Ro T3FN T4 A AR STRR 5L T2 A B 43 52 7
6.0% 1 16.5% , (H B AN A7 TR 1o 3 22 55 (P>0.05) .
T3 H1 T4 b B NE R 27 ) F 2 R0 A A= 7 ) 388
T2 Ab PR 5 25.4%0,17.2% M 53.1%.31.2% . Bl
AN FE AT T4 A PR AR A T = 04 I S 1 7
A=, T4 A0 BRI AL A B F 3R AR 2 R RCR
AHEE T T2 Ak P& 2 2 055 48.7 %0 A1 20.7% ,H T3 5
T24b ¥R 22 AN B . 5 T2/ T3AEFRAA L, T4 4k
B W 1) B 5 43 FIK S RESSTE U Z2 177 6. 3X
Bk R R 55 O AR A HILAE A A R AR
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F(T4) AE i 35 HE i T =% 10 7K 4 FIRERE A FH 2% iy B
&5

Tt 77 HE (T3) A4 THRCR AN 3%

ARSI T i S A 7k EFI AR

Table 5 Water and fertilizer utilization rate in rapeseed under different treatments

e ATk R/ 2 ke 2R %/ A A 1/ (kg/kg) N BRI T ¢/ TR/
Treatment Fertilizer contribution (kg/kg) Partial factor (kg/kg) [kg/(mm+hm?)]
reatmen
catme rate Agronomic efficiency productivity Physiological efficiency ~ Water use efficiency
Tl — — — — 1.48-+0.25¢
T2 50.3+4.73a 2.56£0.50b 5.06-£0.50b 4.660.91b 3.00-£0.30b
T3 53.3:£8.00a 3.212£0.93ab 5.9340.93ab 5.361.55ab 3.24+0.51ab
T4 58.6-+4.64a 3.920.83a 6.64-+0.83a 6.93+1.47a 3.62-£0.45a

T —FRIZBPE LT . Note: — indicates that this data is not calculable.

3 it it
3.1 Ge#ES TEHEEL 77 BB A0 A HLAL XY it 3k v #A
MRSt A E RIS

Yo A 1 B3R B Al 557 R Y
R IEASG . AT R W a4 & 16 A fiE
g8/ b + Ko 7% K 8D SRR Sl T Lk et
L BURE BEREIR B DRt B VR T A Mt A
XARGRE , [ IS AT 20 i REAS A A KSR iR
HUBREFNFE S5, I ] 42 0 ke B P 20 ik A
AR AR, FL T AL A 2 =
B (4R R B RE R SRAE M OB RE R R A HLIE
B T4 i A ML IR i G LR Ob,
i RE S 3 1o B e G5 T P i A R R A A A
BRI SR A Y 6 AT A IR R I R
JEE TR R £ A7 R T AR ) 1 4 3 AR I R TE A
5K, AR ARG A B R KOy SR RDE S T Y
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Effects of combined application of formula fertilizer and organic
fertilizer on yield and water-fertilizer use efficiency of direct-seeded
rapeseed under no-tillage and mulching

ZHANG Yue, TAO Mingcong, LI Xiaokun, WANG Sheliang, DING Guangda, XU Fangsen

College of Resources and Environment , Huazhong Agricultural University, Wuhan 430070, China

Abstract Brassica napus cultivar ‘Dadi 199 was used to conduct a field plot experiment to establish
a collaborative technical mode for high-yield rapeseed and efficient utilization of water-fertilizer in the rice-
rapeseed rotation system in the middle and lower reaches of the Yangtze River.Four treatments including
T1 (conventional cultivation without fertilization) , T2 (conventional cultivation with conventional fertiliza-
tion) , T3 (conventional cultivation with formula fertilizer) , and T4 (no-tillage and mulching combined
with formula and organic fertilizers) were set up. The effects of different treatments on the photosynthetic
parameters, yield , components of yield, nutrient accumulation, and water-fertilizer use efficiency were ana-
lyzed.Results showed that the net photosynthetic rate, SPAD value, leaf area, and instantaneous water use
efficiency in T4 was enhanced compared to that in T2 and T3, with a significant difference between T4 and
T2 (P<<0.05).T4 achieved a 20.5% and 12.0% increase in yield compared to that in T2 and T3 mainly by
increasing the siliques per plant, seeds per silique, silique length and 1 000-seed weight. Among different
treatments, T4 had the highest accumulation and proportion of nitrogen, phosphorus, and potassium nutri-
ents in seeds, but the accumulation of phosphorus and potassium in the roots, stems, and silique walls was
lower than that in T2.The contribution rate , agronomic utilization rate , partial productivity , physiological uti-
lization rate of fertilizer, and the use rate of water followed the order of T4>T3>T2, with an increase of
16.5%,53.1%,31.2%,48.7% ,and 20.7% in T4, respectively ,compared to that in T2.There was a signifi-
cant difference between T4 and T2, except for the contribution rate of fertilizer. The water-fertilizer utiliza-
tion efficiency in T3 was better than that in T2, with no significant difference between the two.It is indicat-
ed that T4 (no-tillage and mulching combined with formula and organic fertilizers) for direct-seeded rape-
seed 1s a planting mode suitable for promotion in the middle and lower reaches of the Yangtze River region
to achieve the high-yield and efficient utilization of water-fertilizer of rapeseed.

Keywords rapeseed; no-tillage ; light and simplified planting ; straw mulching; formula fertilizer ; or-

ganic fertilizer ; nutrient accumulation ; water-fertilizer use efficiency
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