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Effects of different fertilization on winter rapeseed yield and
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Abstract: A study on the effects of different fertilization conditions on the yield of winter rapeseed, soil water and

water use efficiency was carried out in dry land of Loess Plateau. The results showed that the yield of winter rapeseed and

water use efficiency were extremely increased in manure combined with chemical fertilizer, it was increased by 12.95%

and 10.74% respectively compared to that without manure. The highest yield and soil water consumption and water use
efficiency were 1 180.05 kg*hm ™2 and 489.73 mm and 2.41 kg*hm~?+mm ™' under the MNPK treatment , compared to
CK treatment, it was enhanced by 369.32% and 6.40% and 338.18% respectively. Of all the treatments, compared to

that before sowing, soil water content decreased quickly under different treatments in different soil layers, soil water con-

tent decreased by about 8% in 0 ~ 20 c¢m soil layer after harvest, the soil water storage of 0 ~ 100 c¢m soil layer of CK

treatment was highest which was 244 .36 mm. Combined fertilizer could enhanced crop yield, but it also could increase

water consumption at the same time, the soil appeared a dry trend.

Keywords: fertilization; dry-land; rapeseed; yield; soil water; water use efficiency
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Note: CK, N.NP,NPK.M,MN,MNP,MNPK represent no-fertilization, only application of nitrogen, nitrogen + phosphorus, nitrogen + phosphorus +

potassic, manure, manure + nitrogen, manure + nitrogen + phosphorus, manure + nitrogen + phosphorus + potassic, respectively.
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Fig.1 Effect of fertilizer on the distribution of soil moisture (profile) of winter rapeseed
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Table 1 Soil water storage of winter rapeseed field under different fertilization treatments
TH Tiem JEF Treatment 0~20 cm 20 ~ 40 cm 40 ~ 60 cm 60 ~ 80 cm 80 ~ 100 cm 0~ 100 cm
CK 56.15¢ 56.99cd 61.25a 62.09¢ 60.76d 297.24c
N 56.87bc 56.62d 60.02a 64.76ab 65 .96abc 304.22b
NP 57.63bc 58.69cd 61.15a 63.35bc 64.38bc 305.20b
R NPK 57.87be 57.39¢d 62.09a 63.45bc 64.13bc 304.92b
Before sowing M 58.69ab 58.04cd 61.34a 62.77be 63.68c 304.52b
MN 57.97be 61.04ab 60.30a 64.03bc 66.05abc 309.39b
MNP 58.20b 59.02bc 60.32a 64.28bc 66.51ab 308.33b
MNPK 60.49a 63.29a 60.93a 67.17a 67.95a 319.83a
CK 34.65d 46.69a 49.06a 55.97a 57.98a 244 36a
N 36.22cd 44 .06bc 48.39ab 51.09b 52.79de 232.55b
NP 36.41bed 44.06bc 49.24a 54.46a 56.51ab 238.32ab
= NPK 36.97bed 45.00ab 47.28ab 51.57b 55.30be 236.13ab
After harvest M 39.06abe 41.55d 45.46b 51.33b 55.33he 232.73ab
MN 39.38ab 42.39¢d 45.48b 49.30b 51.37e 227.92b
MNP 40.53a 44.92ab 48.08ab 50.32b 54.20cd 238.05ab
MNPK 41.06a 43.68bed 46.64ab 51.21b 54.91be 237.50ab
TEBUEE AR/ NS FRER IR 22 538 5% B KV o
Note: Different small letters mean significant at 5% levels.
®2 AEFEEAEX &M EMAKSF AR
Table 2 Effects of different fertilizers on winter rapeseed yield and water use efficiency
i Rk ik i@ﬁm% FEK ﬁ% mﬁﬂmﬁﬁ
Treatment Rainfall Soil water storage Water consumption Yield Water use efficiency
/mm /mm /mm /(kg*hm™2) /(kg'hm™2-mm~")
CK 407.4 52.88¢ 460.28¢ 251.44f 0.55¢
N 407.4 71.67ab 479.07ab 895.22¢ 1.87e
NP 407.4 66.88h 474.28b 1030.43c¢ 2.17c
NPK 407.4 68.79h 476.19b 1096.72b 2.30b
M 407.4 71.79ab 479.19ab 426 .40f 0.89f
MN 407.4 81.48a 488.88a 959.08d 1.96d
MNP 407.4 70.29ab 477 .69ab 1132.28ab 2.37a
MNPK 407.4 82.33a 489.73a 1180.05a 2.41a

TE - BUEE A R/NG FREFRIR2E 38 5% BE Ko FRrh LHUEUKE = 85 1 m 22K E - UG 1 m 220K,

Note: Different small letters mean significant at 5% levels. Soil water storage in table was the difference value between before sowing and after harvest in 0

~ 100 cm soil layer.



168 T2 X AR AT

o535 &

3 3 ®

3.1 AEMEREXTHEY = E /RN
AR LS e R, LIE it A HUAE St sk
FEREBCTE AR5 4G HLAE Bt 357 8 5 35 5 i 4 i1 =8
P TR AR A T 5. N NP .NPK .M. MN,
MNP F1 MNPK &b B 5= 5 55 %F B8 2 51 32 /5 17 256.
04% .309.81% ,336. 18% ,69.58% ,281.43% ,350.
32% 1 369.32% , Jiti A HLAE AL BESP- 2 P i B AN it A
U P i T 12.95% o ARMESFS) et A i
09 29 43 22 W ) 24518 R, NONP.NPK, M, MN,
MNP Fl MNPK 4 # (1) 7 1 57 #k 28 43 51 4 24.8%
42.6% .44.0% .29.7% 42.3% 47.2% Fl 47.4%,
AHUIE 38 7= 4 FR A AR . 2555 KT S8 Bk e &
B, it A HLAE A ATLAE 5 10 B e it B R 2 2 45 v &
A7 07 AR B E r RORAR TR RE B, 9 HAR
REf 3 7= 3 R A AU, X T RE S T R 4R K,
FORMO S AR AR E s 17 4R K E
NERHALR AT & I, 2B BRI X RE W 0 38 S R
FE, RN 1 32.10% . 15.06% F110.95%
WA k75Xt T 1 G S i 3 3 K A A PR
FRiFoE & B, HE K i RIS B AE S R il 3 e
FERIG R T P A5 2 1 HE /K B RUIE Rl A e FH o
P H AR b — R K St IR e 065 £ R
(A IE A AEAS [F]I o0t 7 8 1Y) BT R[] P RE 5
K AR A VUE s R Ak, TRETR
Hi DX AR 7 PR A K AN TR 38 sh AR R, MR
B R VE T 7K ot A S 2 i IR BEAE D, PR 2
PETAEYI AR S TR i
3.2 AEMEREXT + 1587k 4 Fl AR A0
TEFFRAMY X A K B AW SOK 3 1Y) 32 22
RUE ARG R EY A KR T R RE
FU, WSV ED T2 KA A . A 78 & B, Jiti A
W4 1 A=K 3 A 1A% %, N NP NPK M,
MN MNP F1 MNPK 4b B 3 7K 53 ] FIRICR 306 B1 43
BB T 240.00% .294.55% .318.18% .61.82% .
256.36% .330.91% .338.18% , Jiti A5 HLIEAL B F- 44 7K
SRR AN A HUAEAL BRI &5 T 10.74% o
FRR L8 o e - il X KSR B 0 i 3 R K
SRR R, B & AL R K A
FEHITE 0.68% .0.80% , it ¥ S A= I 7E 0.57 g kg™,
TMSEFFRL 5 AR 3 R R ASCR 8  , HoK 31 B [n)
PR . T 0T & B, 763 4 A
DX AR SEAEAY , /N KR WUE KM
i MNP > SNP > NP > M > N> CK, KIIAREES]

1 1 S SR R XA A A A R e K AN A2
RERHE $12 25 BLOL K 0 BRI AR A A A o A
il o 35 R o 8 o D DX -3 AE 5 ) R K R
PSR TR S B B R TR 2 A T
R B BT R B, T A IE X+
SR PEA B , RMETERERN S AR, 200 —
AN B T X K 23 R b S, e ME Ak B
BRI T — D BARI AR o 7ET BB T 5T
FRAOW X, Al e P P RE it P, SR HOCAS [+) Fy i I
7 3 FE BB R U 7 A PR B =i A R AT I g
K I E Rt , fe it B BRI AL, mib
R A HAE YRR R K T O F T, DT 2 e £
Py MR I SR

4 4 i

it A A 5 i Al A 7= P HAT A S (438 7 R g
VERIK I3 AR A A, AR Tt =3 AL IE P it
PCRERIBOR B o AR HE 48 7 AR A2 R B2 WL 114
AEBRBE SN IEAR K, BC 0t A UL REA 08 28
RIS [N T A S5 A R K 5 U ) v A
HMH-

& % X #k:

(1] PR TR E b X Al A 45 R G A AT K X I8 43 57
B 1 P ih AR 58 0 R [ 7] MR B2 0E )& , 2003, 18 (3) : 440-
446.

(2] SEAERE AL X 5 b A/ N2 K A R TR I 52 m [T ] AR 2 ARl
5% ,1999,7(2) :28-31.

(31 SKARE, 22/NRI, BATE SE . it HE b 2 e 2 g FE K 20 ) AR 1Y
PLERLT] A E SR SRR, 1999,5(3) : 221-226.

(4] 4 ], VEfEIK , S5 AE, 25 KRS G RN BFSE - AR NLP 7k
PRLE X R A /NG R S [T R S IR R
1999,5(3):1-7.

(5]  EBa,XIRBR, CRGR, 5 @ 982k T 5 X AR/ 22 it IE Bk
REREARATFE )] . o E AR, 1999,32(5) :62-68.

(6] F F&, XISk, $edEME, 2 . o IR X A A T K I o it e
X & /NZE AR A3 R A 2 e [ ] A 4 8 77 55 Sk 2 41, 2008 , 14
(5):829-834.

(7] ZE550K, ME0ITE 4 e, 45 . o5 + S35 it AL XT + HE K 43 Fn4e
e i REm (1] 22 W24, 2010, 30(1) : 154-157.

[8] fi 4, WSHAME. B+ BRI IINE A X /N2 3% 1 437 4y Fok
IR [J] . o E K R AR FERR:,2011,9(4) : 104-109, 116.

(9] BUZEae MBI, KA . F b KA 15k B ma (]
JK AR FFRIFSE ,2003,10(1) 1 95-97.

(101 FRAIA, 2T 402 UK ERE X4 /N A Bk 43 R Ak 3R
rysZma (1], o Ol R ,2012,45(1) : 85-92.

(11 3k #h, b A, woakam, 45 il xt b/ H 80K T
i RAREL I 2 ()] Z 2R 24, 2016,36(1) :98-103.

(T#% 181 )



%5

A M I I R AR T SR RS R R BE A 181

SRTARIBTTE— 8o JoIE Rl AR b 2 T S A Y
WZATR R EZ R A Frp, Z R TR B A
HHRRE M AR, XS Y R B
AT o

4 %5 B

(8]

[9]

[10]

H O 7 ) - B RER A & 3 AR ARG AR AR A2 AE KR R B
A AR LT A= oin (2% 1)) , 2014, (21) : 20-24.

TR, WK, B B AE I S A AR AR I RS RE Y
ZE5 RRHIR R[], AE2S2%4R,2011,31(7) : 1803-1810.
BRME,ZERAE,A F5F BET THEEAR] £ 5K AR A AR
BIAC A AR T L e ROk AR 7 e R [T RO R 2
2008,41(7) :1955-1962.

ASRANT RARTORRARBESE L s o oo,
NS e S HY rLJl. WV, , :92-96.

AP T Al AR T B S R [12] 5k #%,5k W, EAVLL, % MAEEE RO R is

R IR T S AR, 22 T AR R S LR SN B[] AR, 2007,33(5) £ 843-848

SERHOUNT T AR, AT E TG D3] sknike, 3508 Ui e TH B BLR 5 A RO BF 5

WITEAE & AT/ T B A, IS 391028 0 R T 9 B A LI B B ALY, 1997, (6) :1-2.

%%ﬂ:{%/é\%ﬁéﬁzﬁﬁ Ij;] Fﬂiﬂﬂ‘%i’%j(ﬂ:u%ﬁ , [14] WuW M(,l D}i)lng I—LI{I, ﬂWei C7Z, elhal. An(tﬂy.sis[ig ligj:ll ﬂqu éﬁ"&;l

] . RN N N curves and chlorophy! uorescence characteristics . cta gricul-
iﬁa%ﬁﬁ%?iﬂ% tt{ﬁﬂﬁﬁzﬁﬁugﬁﬁﬁﬁi&*@d\ﬂ: ture Boreali-occidentalis Sinica, 2006,15(4):141-146.

S, BB TR SRR o SRR LU AR 115y i, stk 2 . By 046 T A MR B 5

B E TYRU AR R LB K, AR T A4 [0 Al K254, 2006, 24(1) £ 113-117.

KSR e Y R B B 50 R A TR 6] MRT.% .0 A MUK 6 Rk R BB 1920

ML P SR B i A AR AR 43 B (7). 8 A8 25 2% ik, 2003, 14 (10)

1654-1660.
[17] Watt M'S, Clinton P W, Whitehead D, et al. Above-ground biomass

% % X #: accumulation and nitrogenfixation of broom ( Cytisus scoparius L)

[1] HHErE A, EH I, 55 . B 5E R AR 51 B AL & —km growing with juvenile pinusradiate on a dry land site[ J]. Forest Ecol-
IO B MR R TR LS AT L) ] WY A AR 2441, 2006, 15(4) - 141- ogy and Management, 2003,184(1 - 3):93-104.

146. (18] ZJa ¥ E . MEWREM DT . 1. IR HOR I A,

(2] LBV FR I B M A= 7= R0 B LU A4 L0 ] . v IR AR AE 2000.

2002,29(12):19-23. [19] M4 BT 8 R = 7 M A8 NPK RRE R 58 [ D] . 23 4

(3] W, £l , BN, 55 0 S AR SRR 20X & B rhll K2, 2008.

HIZEFATIEI] . A W27 243K, 2010,27(4) :31-34. [20] FEsohn, 2=/, KOG B AR 1E = 7 B B A BAR bR oY
(4] BB, SREEL, B/ NT- 55 i AR R HAR it oA Rt e [J]. LR ,2002,35(6) :638-644.
JEEERE R A T I 26 5 (1] RO R4, 2015, 48(2) : 251- (21] B0, SKWAL 2R . RASREE R P AR S MR 2% al IDGE AR
261. FERFPEREIELI] . BT BB, 2007, (4) :7-9.

[5] Rz AT TTTIGE (L 2R X AR 56 B AR 2 AR L (22] Z &, 20RE, SCARER, 45 BT AN )% B R ARAE T 9 iR R
HAUEFELD] . T ) TR, 2012, Fe HAY AR FE D] T LR 241 L 1996,5(2) : 10-14.

(6] WAMGME, 3K 4%, KRBT, 55 . Bl AR 5 18 55 1 U A 3 A= fL 45 (23] SKEENE, ZR555 B4 AR A BIE R MR AE Y AR
brze S imitgE [T bl B2 ,2010,49(7) : 1570-1572. SPFE R R R A RSB m (] A 5 R

(71w R, EKAR 2RI A [ S A A A T4 ST RR 342 5 % LU 11,1998,2(2) : 87-92.

FELI]. PRl R 2244 (H AR B2 ) L 2004, 26 (6) : 750-752, [24] BEmERE, FR3CHT, E LA, 55 AR EUKE R AR A s 3
784. B RAFAEDFEL )] AR AE£H, 2006, 18(6) : 323-326.

(L35 168 T)

[12] BRJGE, Sttt , skIbeHa , 45 DK I S0 it B 0 X S0 4% 5 (16] FHR,ZFA, 8 M, % AR H) R X V47 5 K T
PR AUK SR AR L] T 5 b X R AF ST, 2008,26(5) : UK A [J] . v B A S Al 41, 2007, 15(6) : 54-58.
41-45. (17] BRsat, sRA L, sk SO, 45 . 00 V5 28 JBR 52 1l i 327K IS AL 3

(13] # SO W ABRECE A S b A/ INAE 7K 43 1 R0 Sk A HREROFTE 0] LHEER ,2011,42(5) : 1175-1178.

ACHAE R 1] T S X AR AF 5T, 2008,26(5) : 10-16. (18] AL, FEsCfb, R, 45 . S0 b XK B RN A5 X 58 ™ o

[14]  FEWRM,BIETE, BEA % AT DU AE XS K SR 43 BoR o3RRS A sE B 58 [ ] 7K HARFRBE ST, 2014, 21(4) :
FIRIBCRRZmE 1] Padeell 27412, 2009, 18(2) :93-97. 87-91.

[15] MM, Hakdr, B e, 45 R X 3 4 g s 2+ X1 [19]  ElEe, BEEs%, T 7, % K@ MEIE A0 T 3 L Rk

FrER R SRR []]. 2 R AEY -, 2016,36 (1)
104-110.

FAER 7= RS R HIRICR AR LT Ak 2441, 2010,24(5) -
1044-1050.



