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 E: AFELAWET RS B, RR 34147 AR T R R B A S E KB VAT R H O E A EF K
FRMERR, SRKA, HERPELAET, FWETEXZR 2443.5~3 132.0 kg-hm ™2, &5 B4 H Lo 7T o JE 2 BE
BT 0.8% ~29.2%, & Bk 47 IEH B R A A 33k 2 50.9% .22.5% .56.7% . T VEF X AKSFIF Rk E 4.0 kg
shm ™ 2emm A A KIEERE T 2.1% ~61.4%, HELIEERKEGHH < B < ARM;0~60cm £ E 4
BEHKEWUMEALBERENE T, FENEELERENE MEEAETHR, BHLSem 2ESKE
BARENTHEBL 1S em L EAKEZKE, RERLFRFHFERK AT ERHALEN N 138 kg hm ™2, P,05
61.5 kghm™2,K,0 57 kg*hm™2, 5 A & 715 3 000 kg-hm 2, % B HE LIESKE TR Y E M 55% A6 H 60% |
A0 H 65% Fr i R 55% W Ak 48 B BT BRI I AR v ORI R AR
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Regularity investigation of water and fertilizer requirements on
spring rapeseed under drip fertigation in Qinghai

ZHANG Ya-li
(Soil and Fertilizer Institute, Academy of A&F Sciences , Qinghai University , Xining, Qinghai 810016, China)

Abstract: Gradient “3414” fertilizers and different irrigation amounts were applied in field experiments with drip
fertilization conditions on rapeseed at Ershilipu town, Xining city, Qinghai province, to investigate rules of water and fer-
tilizer requirements for spring rapeseed cultivation by drip fertigation technology. The results showed that rapeseed yields
reached 2 443.5 ~ 3 132.0 kg-hm~?, which was increased by 0.8% ~29.2% than those with the control treatment.
N, P, and K fertilizer utilization rates were 50.9% , 22.5% , and 56.7% respectively. Water utilization efficiency
(WUE) reached over 4.0 kge hm~2+*mm~", which became increased by 42.1% ~ 61.4% compared with the control. It
was further found that level of soil water content during growing period reached lowest at the bud stage, followed by at the
blossom stage, and then at the pod stage. At the bud stage, with the increase of soil depth in 0 ~ 60 cm layers, the water
content went up. At midterm and late stages, water content became increased first then dropped. Minimal values of soil
water content at 5 cm away from the dripper were lower than those 15 em away. In conclusions, the recommended fertiliz-
er amounts for drip fertigation of rapeseed were N at 138 kg*hm~2, P,0s at 61.5 kg*hm~? and K,O at 57 kg-hm ™2, re-
sulting in a yield potential of 3 000 kg*hm™2. Minimal soil water contents that remained 55% (of soil saturated water
content) at the bud stage, 60% at the early blossom stage, 65% at the full blossom stage, and 55% at the pod stage
were suitable to get high water use efficiency in the experimental area.

Keywords: Qinghai Province; drip fertigation; rapeseed; regularity of water and fertilizer use
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1.1 RIeXER

T DA T 8 AR} 2 B il 3 el DX, o7 T
PO T LB B R 5, E101°49' 17", N36°34 03", i 4k
2 310 m, S Jm MR T 5K i AR
AEFEN IR 413.6 mm, 28 & 1 180.9 mm, 4EHS IR
6.1°C, H BAI%L 2 660.6 h, CREH 109 d, 3R
NS A, R IR TP BRI N RN .
FRHRAT X+ % 0 ~ 20,20 ~ 40,40 ~ 60 em )2
TR E CH MR KR 1.45 g-em™3 1,37
grem . 1.28 grem™*,22.5% .25.5% .29.6% . % 0
~20 em #F)Z LB 70T, pH 8.2, AL 17.62
gkg™ ', 2 0.70 gr kg™, &N 1.19 g-kg ', & P
2.38 g kg ', 42 K 24.58 g- kg !, BHE N 82.33
mg kg™, AL P 23.50 mg- kg™, AL K 207. 67
mg kg™,
1.2 RIEHH

BEVE SR 2 3R B s R 2% 5
57 o AL ] VA i E NE S s B R B 4
U R B B AR o A i A Ry 2o s
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WL 1 MWKV 5 AT FE I 3R A
B ISR TR,y H K A A b, E
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T KR TR IR 20 5058 Y SR FH RE AL X 41 HE
B, 4 WEL, NXE 4.2 x5 =21 m?, HISATHE
30 em, BEEE 16 emo JitIEJ7 5 : 20 % BEAEAE A IR —
UK, oA B 80 % Bl N 4= 30 280 4 IE Sy ik o AR
GIE A A B R IR0 T R 0 3 24 e 45 53 31| Fif
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Table 1  Experimental design using “3414” fertilizers on

spring rapeseed under drip feritigation

AL JERHA R/ (kg hm=?)

RIe A3 Code integration Fertilizer amount
Treatment
N P,0s5 K0 N P,0s K0

NoPoKo 0 0 0 0 0 0
NoP> K, 0 2 2 0 52.5 52.5
N, P,K, 1 2 2 42 52.5 52.5
N,PoK, 2 0 2 84 0 52.5
NP, K, 2 1 2 84 27.0 52.5
N,P,K, 2 2 2 84 52.5 52.5
N,P;K, 2 3 2 84 79.5 52.5
N2P; Ko 2 2 0 84  52.5 0
N,P,K; 2 2 1 84 52.5 52.5
N, P, Ky 2 2 3 84 52.5 79.5
N;P,K, 3 2 2 126 52.5 52.5
N, P K, 1 1 2 42 27.0 52.5
N, P, K, 1 2 1 42 52.5 27.0
N,P, K 2 1 1 84 27.0 27.0

R2 TkBENEREATR
Table 2 Experimental design of irrigation system under
drip feritigation conditions

TEE A KR IR/ %

Minimum value of irrigated soil water content

OB
Treatment HE -~ AE AT - fnte FFAE3A B
Emergence to  Budding to Bloss Mat
budding blossom ossom ature
E1B1BIM1 55 60 65 55
E2B2B2M2 60 65 70 60
E3B3B3M3 65 70 75 65
F4B4B4M4 70 75 80 70
E5B5B5M5 75 80 85 75
o 15 ok ok
FI(CK) Flood Flood Flood Flood
irrigation irrigation irrigation irrigation
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W1~ B 20 em BLEE ~ WHAEI 40 em, Z S5 ¥R
60 cmo

TEVMSE AR B 0 BRI A SR SR A 7R v i
NEFREMRAE SR AR o IC BRI K . T 3
F e i ik 5015 em 4k 0 ~ 20,20 ~ 40,40 ~ 60
em = EERE + 20 S KR, RS KR
FET BT TEHESRAE KA 4 b 2
BEATLRAE 10 BRI SEAFARAE S Bl P M T IS 404
BRRE, HIES N4 P4 K Frib, IR R A
Wk Ja o - AL MIR o AR R | 3R I D
LA AT o RIGZE T B P A
BRI

FEZK I (mm) = FE AT L EKE + A F R A
SRBEK G + MK - AR F I R R KR . A
A= T ] SR K B 2013 4E 3% b X [ K S
80% , 4 331 mm,

FIEE KR (mm) = 0.1 x b, He r Ry B3
Kt (%), v HEIEEE(g-em™), h A ZHE
(em),0. 1 A RE MWE L ZWE R 0~20.20
~40.40 ~ 60 cm, T EKEH ARG KEZ
Flo 3BT 3 E KM E R 159 mm,

P KK R (WUE) = Y/ ETa, AL
kg*hm™2emm~ ", Y JpkFRi =t (kg-hm=2) , ETa A7
S B ) S PR AR K R (mm) 107

AERHRI R (%) = Cift IR Ak B3 332 2 W i i — R
Jit A A FR R 53 W W) /it IE £ % 100

TR (kg hm %) = FPRL™ 5 (kg hm™?)
x FPRLFROY S (%) + FEFF =8t (kg-hm™2) x FEFF
For (%)

NERLA 22803 = FPRL™ & (k) /AT fE (kg)

BELE RAFH Excel .DPS A4 T8 0041
1.4 KEB—EWIEHERAE

TR0 T W AR Sy PG 7 b )1 DX A K
KB KB K, B K e i M 2
TE AR PR IR FHAKOK . /KA R =
W, B 32 T8 S AT, T SR IR
RACIFEM RN o TEIMSERER S B H 5
R 2 AT ISR AL T — ARV . TRV R AL o R
Sk E 2 BUE TAEE Sk 50 ~ 150 kPa, % VEFL IR
AN 1.0~3.0 L-h~'y AKABTR G2 E R FIAER 30
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Fig.1 Effects of drip fertigation on dry matter accumulation

during the whole growth period of rapeseed

2.1.2 ARBERLLENKBETTHHH

7 R AE AL (3% 3) W, TR IE 2510, R ™
AT AL B R A AE 3 25 R RIS R AE 2
424 ~ 3 132 kg~ hm™ 222 [A], it AT b B B 0t AE X 1
B T0.8% ~29.2% . HoH N2P2K2 b3 ™ 5 FldY
FER i, 5 CKLONOP2K2 , N1P2K1 4b ¥ 22 57 . 3,
(S HAA P22 R R 5 B K, AL BAR X T
AL PR AR 77 il 83.4% ~ 95.4% 3 H. N1P2K2,
N1P1K2 N3P2K2 5 N2P2K2 b3 |a] 22 5o i %, i
N ZAXT =5 78% , Bt P ZAHX =R 90% , Bkt K
FHIXF =R 93% o L AT WL, iR B0 i E 2 1
JEE 5 S o it A AR e . AU
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Table 3  Effects of drip fertigation on rapeseed yields
fb3m qzi’f]fci Lt CK 5= *HXJ‘F%
Treatment Mean yle_ld Increase Comparative
/(kg*hm=2) /% percent/ %
NOPOKO( CK) 2424 .0b — 77.4
NOP2K2 2443 .5b 0.8 78.0
N1P2K2 2611.5ab 7.7 83.4
N2POK2 2812.5ab 16.0 89.8
N2P1K2 2787 .0ab 15.0 89.0
N2P2K2 3132.0a 29.2 100.0
N2P3K2 2845 .5ab 17.4 90.9
N2P2KO 2908 . 5ah 20.0 92.9
N2P2K1 2802 .0ab 15.6 89.5
N2P2K3 2988 .0ab 23.3 95.4
N3P2K2 2964 .0ab 22.3 9.6
N1P1K2 2653 .5ab 9.5 84.7
N1P2K1 2547.0b 5.1 81.3
N2P1K1 2979.0ab 22.9 95.1

AR PR ZER B E (P<0.05), Tl
Note: Different letters are significently different at P <0.05 level. The

same below.
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Fig.2 Effects of drip fertigation on nutrient uptake during
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the whole growth period of rapeseed( N2P2K2 treatment)

ARAE 34147 1056 AL RE TR R B4R S5 1)
ZIOL T URNERR pREBRE RN - Y (77 ) = 161. 5154

+13.9128N - 6.8354 P — 6. 1173K — 0.4013 N? —
0.5547 P + 0.7935 K> - 0. 1787NP — 1. 5062NK +
3.4003PK, R* = 0.9336, J7 BRI RUHERE (1) B K™ it
JEAE & A N 138 kg hm ™2, P,05 61.5 kg hm ™2, K,0
57 kg+hm ™2, J K77 5 AJ 35 3 000 kg-hm ™2,

FRAE N2P2K2 . NOP2K2 , N2POK2 , N2P2KO Ab B i
PR SR WO ISR i AR A R T N2P2K2
AEARFE NP K = IR A A 27 20 5 RIS bR
F(FR4) . TN =FIERHA - i A 7 B3R AR I8 2]
4.0 kg kg™ ' DAL, EEMRI R 25 B 20% DL L, o
N.K Z M IERF R IR S] 50% LA 1o RF30E N
> P> K, EEFIH K> N> P,

R4 HERIEERRERR R RMEE T AR
Table 4  Effects of drip fertigation on agronomic

efficiencies and utilization rates of the fertilizers

(S Sl A FH 2%
WRH A e IEPAES
o Agronomic efficiency Fertilizer utilization
Fertilizer element 1
/(kg kg™ 1) rate/ %

8.2 50.9

6.1 22.5

4.2 56.7

2.2 HEEZHTEHRIKSFIARFEKNE
2.2.1 EHEXEIERSGF R XTHIMEE K
A AR = A E I TR 0~ 60 em 1 )2,
FRESR Sk 5.15 em T IESKEHEATINE , BT 50T
SN BRI A A (B 3) o i R oK
bl R R 3 AR 2L BT, BETE Sk 15 em 4G
3 A K E TR 5 em A, A 7K 434k P 2 [A]
BEVE K BG83 Sk BT BB K
TN B R g i b E T
EHA AL, a5 b 35+ 3 5 K fe A8 Ak
PR 2GR B HG 0 56T RS 3G ek 20 ~ 40
em AN A K, 40 ~ 60 em AE AT, X 5%
TS BCUR R T GTTR VRE 255 SR R i A O, T 4B B S
D2 T IR E O 20 5 R A R I R R A 2
FFp al I B, DR B — ek, AR R
TR bl JE TR B A BE N 4 I TR, A Ak B S
IRFRE s s SRR ARG TR AR fE . IR IAOR
T AR A B I L R AR
FOKEHET W < JEAE I < AR BRI 5 em
4 EoK A/ IMEAR T EER L 15 om 35K
/IMEL, LTI HE 1 538K 3 43 A I A BE 2 Sk B K
Or SR GRS P S I g «
KATHEAN TG, HA Sl B AN A A e T R
AL Z AL 5 5 Piide 52 20 R ST S e A R . T
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Fig.3  Effects of drip fertigation on soil water contents during the whole growth period

2.2.2 EHELFMT A EEK SRS AR F

H1% 5 AT Ve ) B 7 o 5 A B U] 25 5 AN f
& XA RES A Bt A AR R — R e AR, (HAA
BB R, 5T T A AR T S e 3 E ) R i
BT, ELBEE 6 A P 5 K 2 FRER A K
EAE RN, Wk LB K EER B AR
&R E KR REK AR 3R A Ak B )
MR EE FKEIOKEREI R, £5]585.3
mm, HHEAL BRTE 317.2 ~ 421.8 mm Z[a], PRI, K43
FFHFFIKIBRERAR, 4 2.91 kg-hm ™2 mm ™!, HiAth
5 /1T HE AL B A K 43 B TR A AE 4.0 kg hm 2
mm ™~ 'PLE L B FIEEALPE . Hod E3B3B3M3 b
7K o R R e i, i85 4.7 kg hm™2 + mm ™!,
E4B4B4M4 Ab BEYR 2, FoAh AL BRASAIG . DL b 45 2R U
W, 30 T T 7 = Y = 7 kB A K a0 R o

BEIRTRE 0, A K 8 E r RACRAR T o E T
KL FARE TR AR I . A0 &
KT BRI 55% JRAEHT 60% AR 65% il
91 55% (AL PR E3B3B3M3) (T HE J7 28353 T i
TPK o R R . o T AR IR S PR 1 vt
TR AR 348 BEARMEACEIPRE A 425 ) Tl =™ 6 B
TR A T T Ak B ) 22 57 S 2 T RE S A o

3 HiweS5vhe

(EF Y T 20 T 52 X I 25 F T, B s
FREEAF 2443.5 ~ 3132.0 kg hm 2, %77 15 4
H ARy 2R AR 5 7 A L A AR Y (HLH
R it 5 2 O ot A P 199% ~ 48911011
R BOIE I RE A R 50, 9% .22, 5% .
56.7% , b YT EEMREAEY/INE oK KRS
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Table 5 Effects of drip fertigation on water consumptions and water utilization efficiencies( WUE)

25 ke B : g2k L 2 c e L .
Qb P Irrigation amount Soil water storage Water consumption Mean vield WUE
Treatment during growth after harvest during growth Y ;2 . o
/(kg*hm~?) /(kg=hm™2+mm™")
/mm /mm /mm
E1B1BIMI1 346.3b 177.3a 362.3b 2770a 4.20a
E2B2B2M2 374.8b 183.4a 387.0b 2832a 4.16a
E3B3B3M3 323.5b 192.8a 317.2b 2917a 4.70a
EAB4B4M4 333.7b 188.2a 356.3b 2954a 4.65a
E5B5B5M5 407.6b 175.4a 421.8b 2990a 4.14a
FI(CK) 595.2a 192.2a 585.3a 2600a 2.91b
ARE AT M RE L OK M AET B % TRk

WA K EFEIR T 27.9% ~ 45.8% , /K43 F) &4
T 42.1% ~61.4% , HAG B 197K 53 = s0R FH s
% 5 R RS 5 AR TR0 X b
DX VE 25 T 80K 7 B S AUK 3 A AR AR AT T
WFFEH 3K i S o3 A 52 24 1 T e 1 2 Ak
SR, AR AZ VR AR AN ] E 6E 7K 43 1) i e )
FHERME RS20

ARG TR S IR T RS N H A
TSR A IE A 7K B HTBOR AR , 9125 1%
T NEEARAEIZIR IS XS5 T B - h B T
FETK RERVE S o AR KRR, AR AR R
FHEE A= B 25 5 05 10 RERL R0 R B R Oy . Y
(F7HE) =161.5154 + 13.9128 N — 6.8354P - 6. 1173K
~0.4013N% - 0.5547P* +0.7935K*> - 0. 1787NP - 1.
5062 NK +3.4003 PK , R* = 0.9336, 7 10 i ™ &
Jit A& A : N 138 kg* hm ™2, P,05 61.5 kg hm~2, K,0
57 kg=hm =2, K= ATk 3 000 kg hm =2, % & i
WS K E TR 55% JRTEH 60% (&AL
11 659% FI A AR 1 55% K 43 48 BLHA BT i K 43
FRCRIIROR . A ST — 4R i g 25 1, A Fr il
— AR RNIE

Bt A TR AR b A R R A ik
P st 0 3k B %5y R s 2 it |
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