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Effects of long-term fertilization on yield and nutrient

uptake utilization of winter rapeseed

LUO Zhao-xia', YANG Zhi-qi', E Sheng-zhe?
(1. Institute of Agricultural Sciences , Tianshui , Gansu 741000, China;
2. Institute of Soil Fertilizer and Water Saving Agriculture , Gansu Acadamy of Agricultural Sciences , Lanzhou , Gansu 730070, China)

Abstract: A long-term (1981—2014) field experiment was conducted on Loessal soil at Tianshui city, Gansu

province to investigate the effects of long-term fertilization on yield and nutrient uptake utilization of winter rapeseed. The

results showed that the yield was increased significantly under the combination of chemical fertilizers and manure, with

the average yield being 1 897.49 kg*hm~
P and K was 192.09,21.40,192.8 kg-hm™*

% as increased by 258.02% compared with CK. The total nutrient uptake of N,
, under the MNPK treatment and were increased by 259.65% , 362.20% ,

76.56% , respectively compared with CK. Under the same chemical fertilizer, apparent recovery efficiency of N, P, and
K were decreased by 34.87% , 22.16% , and 351.48% under the application of manure treatment.

Keywords: long-term fertilization; combined application of organic and inorganic fertilizers; winter rapeseed;

yield; nutrient uptake; fertilizer use efficiency
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St , AT AILICHLIE e il X 449 3% 7= 8 L 57
S3WRMSCR R A 520 , LA ST Sy () 24l DX 49 =2 A 7
Bh2E B 3500 8 PR LS5 1K P .

1 FRS IR

2011 4EF1 2014 428 K3l 8 5o At HLAE A ks 4
EERA LMW FY SR8 0.3%.
0.12%F1 1.11% ), B HIRE (N 46.4% ), BEIE Ky
I BEERAES (P,0s 12% ) , A1 IE BRI AR (K,0 50% ) o
1.2 R38R

R FFH T 1981 4F i g b A7 T Kok i ol &
2T BRI 0 R 7 Y 2 b (34°05 N, 104°57
E), ZX @ TRILX, K 1 650 m, B 500 ~
600 mm, 4E RN 11.5°C, A 185 4. iR
MR g A - FR O MR TE B

11 ke SR+ XA — A, BRI 0 ~ 20 om
KN IR AN BHEDF T TR e 3 JEREAVIR LR 1.
B Al 2000 4F 0 813 - 1-2 - 1,2003 44 986 - 1,
®1 1981 £ 0~20 em T ETHEERMBAMR
Table 1  Soil physical and chemical properties at 0 ~ 20 cm layer in 1981
BR s 2 AR A AL A BB AHLUR
Total N Total P Total K Available N Available P Available K Organic carbon pH Organic matter
/(g'kg_]) /(g'kg_]) /(g'kg_]) /(mg'kg'l) /(mg'kg'l) /(mg'kg'l) /(g'kg_]) /(g'kg'l)
0.82 0.66 16.60 73 190 9.14 8.54 11.87

1.3 K@%t

FER W A it IE 1) S iy | % B 2000, 2003
20112014 4EFpAE A 120 A i B 5 B 201 5 0 A, 44
KB AN KRR 311.3.375.7.356.0.372.
1 mm, B 2014 4 4 J s A2l A6 ) — i e =
Oh B M RAIEAR LT

I 8 AN Kb B ATl AT A AR (CK) 5 BRLJit 2R
JIE(N) 5 it W5 JIE (NP) 5 Jiti 085 37 IE (NPK) 5 A HILAE
(M) s HALIE + ZAE(MN) ; A HLAE + ZBEAE (MNP) ;
HHUE + ZBEHIE (MNPK) . X%, B0 B
530, /NXE R 33.32 m?, 2000,2003.2011 4E Fl
2014 4 2l S P AE AF PR it JIE B — 3, i N150., P, Os
75 kg hm~2,K,0 75 kg*hm 2, 43 H/LAE 30 000 kg hm =2,
JITA REAL VR JEAE , 4 T S35 Fh AT 45 & 8 b — K
PEEA . ZIh3E—BT 8 H MM, K46 A
A, 3 42 JTkk - hm =2, N THEE 4 ~ 5 -39 ]
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ES0 [ Al

F24r BRUE (kg hm™2) = FFRL™ i x AFRLIR 7
i + AR x B IR

REAMR A = 71 (kg kg™ ") = it JE DOFFRE ™ & /AT
Aok it FH

NEAL A “FROR (kg kg™ ") = G IE DOFFRL™ 1 -
AN B DA™ 1) /N Ak it

NEREZA 22 (% ) = Ot I DX - 3 G i
I — AN DX M b SRS ) /I skt £ x 100

HEHE A B FH 3 (kg kg™ 1) = (i IE X pFAE 7=
— ANt A DR )/ (it FES DX b 0 R g —
At A DXl 3 S )

K DPS3. 11 Llb e 143 B 3 44 53 A 54l
JEHI LSD i T 2 5 A

2 AR50

2.1 KHATREBEAE X & H3E = 2R

ANTRI A AR Ak B A 3 e AR B (R 2) R
it Ak Ak FHE A2 9ty 52 I 7 X 4 PR ) A28 K 3 ik
/b Bt SRUIE A AT Ak B b i ek e, Rk
it A 7 e R R A B — o R 4R R, X S B
SRR BE A S, A T 12 v 0 1K 910 2 B2 i)
REE A AL . 2014 4F 7 fit 5 A AF 0™ i B ik —
FeAi PR 2014 47 4 H Hf]— 3 m b ES  E04
SR 388 1o RIS 559 O R ok 2 AN S S 3 SRR T I, K
TR SEAC AR 7% RN 5 5 AR TR VR (A AR i 4, 7™

A NS TIEa
DU AE 230 3% 2 7= 5 DL MNPK Ab P 8 = (3R



124

TR XAV BT

o535 &

2),i5E] 1 897 kg hm ™2, $%F HE I 7™ 258. 02% , 4%
M . MN F1 MNP 435132 25 86.53% .29.49% #17.30% .
MNP 4L BEP= 5k 2, 9 1 768 kg hm™2, % CK 4 7
233.56% , % NP AL I ™ 6.70% , NPK Ab 3 7™ &
M1 720 kg hm™2, # CK. N, NP &b B 43 5] 3% =
224.53% .49.18% .3.80% . NP AbFEAI MN Ab B =
HA500 1657 kg-hm ™= 2F1 1 465 kg hm =2, 5%} HR 43
G 212.59% H1 176. 44 % ; JERL Bt b 3 = 2 B
SRR, N ABBIRL M b B4 B 1153 kg hm >
F11 017 kg hm ™2, B0 BRHE ™ 117.57% F191.85% .

FHTRIEAE 2500, it A HILAE Ab 31 DU 45 35 7 AR
Jiti A HLE Ak 385y 0 = T 27. 06% . 6. 70% .
10.29% , A HUIE 5 AN ALt R 38 7= K T =
5T i

2.2 KHEAARE BEA AL 5E X & i 3 55 4 IR A9 320
2.2.1 KHRRAEHEET L ERERKY Y
g RS [RI I AL R A iSRRI A T W
TR, AVUE SR B AL ECEROCR B B iR
JEA FI Tk 2 M3 RUR AR S (R 3) .

R2 AEEELETERETE

Table 2 Yield of winter rapeseed under different fertilization treatments

2000 2003 2011 2014 T Average
A Pt 7 7 h 7 T T PR
Treatment Yield Increase Yield Increase Yield Increase Yield Increase Yield Increase
/(kg'hm™2)  ment/%  /(kg'hm~2) ment/%  /(kg'hm %) ment/%  /(kgrhm~2) ment/%  /(kg-hm~2) ment/%

CK T6de — 710e — 395¢ — 251 — 530g —

N 1397d 82.85 1335d 88.03 985e 149.39 895e 256.57 1153e 117.57
NP 2049a 168.19 1527¢ 115.07 2021c 411.47 1030c 310.36 1657¢ 212.59
NPK 2091a 173.69 1530c 115.49 2161be 447.06 1097b 337.05 1720be 224.48

M 1671c 118.72 1170d 64.79 800f 102.58 426f 69.72 1017f 91.85
MN 1748bc 128.80 1668bc 134.93 1486d 276.01 959d 282.07 1465d 176.44
MNP 1924ab 151.83 1805b 154.15 2211ab 459.57 1132ab 351.00 1768b 233.56

MNPK 2039a 166.88 2000a 181.69 2371a 500.24 1180a 370.12 1897a 258.02
T BB G A R BEFROR AL B 22 53K 5% W22 7KF, Tl
Note: Values followed by different letters are significantly different among the treatments at P < 5% level. The same below.
x3 ZmEMEBARRFEPERKE
Table 3 The nitrogen uptake rate in grain and straw of winter rapeseed
Qb A & & N content/(g-kg™") A EFE N accumulation/ (kg hm~?) Ho b RS
Treatment s s Total N uptake
FFHL Grain FEFF Straw ¥R Grain FEHF Straw /(kg*hm~2)
CK 43.07 15.46 22.83¢g 26.39¢ 49.22¢
N 46.20 16.50 53.28e 55.01e 108.28e
NP 45.32 16.53 75.09¢ 76.35¢ 151.44c¢
NPK 46.43 16.60 79.84b 78.71c 158.61c
M 43.47 15.97 44 21 46.95¢f 91.16f
MN 46.07 17.23 67.50d 70.74d 138.24d
MNP 46.50 17.57 82.21b 85.71b 167.92b
MNPK 47.10 17.48 89.37a 90.5%a 179.97a

T R AP RUED AR, T T

Note: Values are averages across the four experimental years. The same below.

5555 BEAH EE, N NP NPK &b B Ay 32 34
HE AR IR 117.19% ,205.15% A1 218.87 % , B jifé
AHUILIG A mse b4 5 43 3 177.70%
237.09% 1 259.65% o i A HLACALFE L b FB4% &
W i T AN it AT HLAE, AH [ it I8 25 140 °F 43 ) 42 =
79.08% .27.86% ,10.47% F1 12.79% , iy W A HLIE

X A& THISRE L 1 R4 A B S I AR, B
BEA MLESARYIENN, VR 7 5 R ) 57 55 ] Ff
B HR RS 1 E AR 3 i

2.2.2 KRR At £k A SOk 09 %
why TR it I Ak 3 Ay SRR i ) S TR
FF (B SRF R AR (L B A B S 0 R | 1 ELRF
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RLFIRE R b 0 2R A8 A0 AH 25 R K, AH ] AE 7K
SR A AL AL B R AN it A HUAE Ak 2 i
ES il

ANTRI RERHAC b X A& 3 . 1 Rl s ok i
SR (% 4) . NPK FI NP ZbHH b 5BmEd i 48 CK
FI N AL FEA 514E E 301.73% .95.58% Fll 282.07% .
86.01% , MNPK I MNP b3t [ s 4% 4 M

FMN Ak B 5 5 4 R 147, 40% . 68. T7%
131.79% 58.13% . AH[A]Jiti NE /KT, it A A1LAE 4b
BEHD T 15 0 N il A LIS A B ) R
86.83% .33.33% \13.34% 1 15.05% . H1LL 45
RTLAZE it PR A0 A XoF 4 T 32 L 3wl 485 1 o 5 i
FEASTK e P L W8 S 1 52 o A R 2 3, I L 7t P ol
JIES I 5 2R M 485 i S R

R4 ZmEMtEDARRE FRRKE

Table 4 The phosphorus uptake rate in grain and straw of winter rapeseed

4b 3 W P content/(g-kg™ ") B BB P accumulation/ (kg hm~2) @Fit:illsf;%ﬁ
Treatment AR Grain F&FF Straw FFAL Grain F&FF Straw /0( kg-hl:ffz)e

CK 4.70 1.25 2.49¢ 2.13¢ 4.63g

N 4.55 1.28 5.25e 4.27f 9.51f

NP 5.35 1.91 8.86¢ 8.82d 17.69d
NPK 5.38 1.97 9.25¢ 9.35¢ 18.60c

M 4.50 1.50 4.58f 4.41f 8.99f

MN 4.76 1.39 6.97d 5.71e 12.68e
MNP 5.60 2.08 9.90b 10.15b 20.05b
MNPK 5.65 2.06 10.72a 10.68a 21.40a

2.2.3 KRR ekt fie b aF & b SE A7 E RO 89 ¥
ey S AR A RS — R, AT SRS AT

E R T AR S R A S £
AR E (& S) .

x5 ZmRMEBARARE RHRKE

Table 5 The potassium uptake rate in grain and straw of winter rapeseed

f A& K content/(g-kg™") A BFE K accumulation/ (kg*hm~2) Ho E R A
T Liﬂ ° Total K uptake
reatment FFHL Grain TEFF Straw FEHL Grain FEFF Straw /(kg-hm~2)
CK 19.69 23.88 10.44¢ 40.76f 51.20g
N 19.67 23.83 22.68e 79.45e 102.13e
NP 19.20 25.43 31.81c 117.46¢ 149.27¢
NPK 20.50 28.13 35.25b 133.48b 168.73b
M 20.20 24.93 20.54f 73.30e 93.84f
MN 19.89 26.33 29.14d 108.11d 137.25d
MNP 20.23 28.37 35.76b 138.40b 174.16b
MNPK 21.03 29.50 39.90a 152.89a 192.80a

AN AHUIE S5 F T, NPK AL B Hb 1 36080 48
BENPN Fl CK Ab B3 5142 5 13.04% . 65.21%
229.55% , i ML 28 T, MNPK Ab B b 354 465
H % MNP, MN A1 M 4k B 2 51 $2 &5 10. 7% .
40.47 %M1 113.32% , %% CK 425 276.56% . A] LG
H it B A A% Y SR AR AR 1A P B R R AR Sl 1
T e P 60 8 S A 2 S R 4 o DU AR % N
PIE 5 R B, A SRR R B R AT, SR )
FEAFrp R SR 1, F ok W B T R A DA AE
AT A PR AL 3 M | FR A 45 1 B At A AL
AE A PR 43 550 #2576, 52% . 34.39% . 16. 67%

14.27% , A AU X 4 3 32 Hh B 50 40 465 L 5 52 i A
Ko
2.3 KEATRERREEXLHER. B HIEF A
RE M

NERHIR A 7 7 AR R R T8 Fn A= 3
IR AN ] ) £ B2 Jre BRAE PRt ERE 53 43 B9 R R A
{0, HoH ISR R I FH 238 B e T AR 0k 2% 57 4 1Y
WML, 4532 2 R T AERF I e TR o Rk = g
TFE R Y b A SFERE A TR 53 KRR IE it 0 25
B AN, A 2 ) FH 2 000 e e B it JES £ 398 i VR 4

HAYHE
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Table 6  Fertilizer use efficiency of NP and K under different fertilization treatments
HBA*.J‘ Hlﬂﬂxﬁl}: CK N NP NPK M MN MNP MNPK
Fertilizer Fertilizer efficiency
ImA= =41 PFP/ (kg kg™") — 7.69 11.04 11.46 11.30 6.10 7.37 7.91
N LRI R AR/ (kgokg™") — 4.15 7.51 7.93 5.41 3.90 5.16 5.70
FMAHZ RE/ % — 41.73 73.05 77.93 46.93 39.55 52.76 57.78
A A HZ PE/ (kg kg™") — 9.96 10.28 10.18 11.53 9.85 9.78 9.86
WA= 1 PFP/ (kg kg™ ") — — 22.09 22.93 29.05 41.86 16.07 17.25
b0 LFFI AR AR/ (kg kg™") — — 15.02 15.86 13.91 26.72 11.25 12.43
2
T RMAE RE/% — — 17.41 18.63 11.49 23.00 14.02 15.25
HHFI % PE/ (kg kg™") — 127.68 86.27 85.16 121.10 116.17 80.28 81.54
A= 71 PR/ (kg-kg™") — — — 22.93 3.05 4.40 5.31 4.65
0 LeZEFI AR AR/ (kg-kg™") — — — 15.86 1.46 2.81 3.72 3.35
2
FKMAIHZE RE/ % — — — 156.71 11.77 25.84 36.92 34.71
BRI PE/ (kg kg™ ") — 12.23 11.49 10.12 12.43 10.87 10.07 9.66

Note: PFP—partial factor productivity; AE—agronomic efficiency; RE—apparent recovery efficiency; PE—physiological efficiency.

6 5 R BN BRI AL BRAR A 7= 1 AR 2 H
FHER AR AL Ut S5 R  , AH IR AE 251 T, Nt AL
JE Ab SHAE A i 2 7 o R 2 ) 256 0 2 8 Tt A AL
NEARFHE AN [ it AT Ak 2R (B3 A PS4 A A ™ T 43
Wk 8.98.24.88.8.07 kg- kg™, HHR A FF R T
% 5.68.15.87.5.44 kg-ke'o AR MLA] I3
WA R IR A3 MRS, FEAR R 450 T, A
Jita A5 AL AE A B AR B L IE R R R B N NP, NPK
I A VUL, BRI & A A
JE LR FH 2838 1%, WO R 8 | B A I Wl L B A 2 UL A
FARATF M. X 0T RS O IRt £ ek 50 e
FHEFER Z , SECUBIER A RA R, 5 — iR
43t B ES Rk 5 38 e A 4 o AR AR D 23 1 o R
L2200 AT it JES A L JES A S 24 2 L P R LA RUIE
FOUH) FHHR I K, 2l 55. 68% , 4 AT 26 WL F1) Y 2
Z N 53.19% , BB FRIA 2 8/ N AR 16.63% .
Az R FH 322 RAEAE Y R 57 03 e A R 2205 7 i
BIBE S , AR ZE P AS [v] Ak B AR B ISP 24 A BRI FH 2
FOINFHIE, 23510 10.21 kg kg™ "1 10.98 kg-kg™ ',
WRAE S35 4 BRI SR 5 K, O 99.74 ke-keg™'o HI LA
AYHTRT LAAS AR A S AR 7 v T [ B G T
JI7KF- RN AR it A BE S B 7 o

3 ghgSitie
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P R HLIR A, EUIE U HE IR it 1Y

SE e S T X 1 O WO B Py € N
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