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Effect of Regulated Deficit Irrigation on Uptake and Utilization
of Nitrogen, Phosphorus and Potassium for Winter Wheat
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Abstract: A better understanding of the effects of irrigation model on soil nutrients is important to
agronomists and farmers for developing management packages with high-yield, good-quality and low water
and fertilizer applications. A pot-based experiment with winter wheat cultivar ( Triticum aestivum L. ) was
conducted under rainproof shelter during the growing seasons of 2012—2013 and 2013—2014 to
investigate the effects of regulated deficit irrigation ( RDI) on nitrogen, phosphorus and potassium uptake
and utilizations in Xinxiang City of Henan Province, in the Huang-Huai-Hai Plain of China. The
experimental treatments included five growth stages (I, three leaves-winter; 1I, winter-beginning of
spring growth ; IIT, beginning of spring growth-stem elongation; IV, stem elongation-ear emergence and
V, ear emergence-maturity ) and three levels of water deficit (60% ~65% FC (field capacity) , 50% ~
55% FC, and 40% ~45% FC for light, moderate, and severe deficit, respectively) were laid out in a
randomised complete block design with three replicates. A non-deficit control (CK) (75% ~85% FC
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from sowing to maturity) with three replications was also included. The results indicated that light or
moderate water deficit at winter-beginning of spring growth stage benefited nutrients translocation and
distribution in the grains, and excess of water in the soil or inapplicable water deficit resulted in increase
of proportion of nutrients accumulation in vegetative organs. Appropriate water deficit (50% ~55% FC)
during ear emergence-filling stage was able to increase nitrogen and phosphorus contents in grains, and
then increase grain yield and improve quality. Light water deficit or moderate water deficit during
beginning of spring growth-stem elongation stage was favorable to improve nitrogen and phosphorus use
efficiencies, but water deficit at any stages was unfavorable to increase potassium use efficiency. The
results also showed that appropriate water deficit ( especially light water deficit at winter stage or moderate
water deficit at stem elongation stage) significantly enhanced nitrogen absorption ability of plants from
soil, and reduced nitrogen residue in soil. Therefore, it was suggested that RDI can effectively regulate
nitrogen, phosphorus and potassium uptake, and promote water and fertilizer savings, high yield, good
quality and high efficiency of winter wheat.

Key words: winter wheat; irrigation; regulated deficit irrigation; nutrients uptake; nutrient use
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T XK ™ o e ke [ EF/N 22 2B 0 ] R T AN
B A2 HAE RO oK, TR /N2 AR K0 Y B S i B
MR K Iy T RN R R, SRR AR A
INFZ i AR L, A TR FE R . SR
IR G375 B EE RN #D ST RE BRI () 52 N AR KR H
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FRAFTR L /INAZ AWl P ) R A i it 2 s 1 o o
oy, P K e BT AR X 7R 2 I, (X
SERITSE T 78 1) 22 2 i — AR K B AR B I B R
IKASARAE LK 3 WA A ISR 0 IR 80 . 1A
T W ( Regulated deficit irrigation, RDI) S/EYI A .
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AR I3 BEL G XD e R 23 B
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1 iS5 7%

L1 {56 S

iR T 2012 42 10 H—2013 4 6 H 12013 4F
10 J—2014 4£ 6 J] 7 b [ 4 lh B 27 Be A H #E LA
FEITV Ry K 6 5 KPR P S R R kAT o
RIS T B 0 ST R 4 BT & T AR ILAE, R &
113°53" 42 35°19", J@ SR 1y 2 i s > 18 0 2 T
B X, AR 2 R OK B S80 mmi A S 2y
13.5C; KT T 0CBURFH A 5 070°C 5 4 H i
A8 2 497 h; JoFE ] 220 d; A TEZEHE 2 000 mm,
I SR R ) L, B b 1, pH (E
8. 8, KL Al 7% v & iy A HLIGE 18.85 g/kg, A
1. 10 g/kg, 4 2. 22 ¢/kg, 42481 19. 80 g/ke, Bl fift 4
15.61 mg/kg, # & ¥ 72.00 mg/kg, #H L 4
101 mg/kg( ¥R Tt ) s R TN 1.25 g/em’;
FH () p 7K R 24% (it & K3 o
1.2 K5 s#

PAA/NZZE (Triticum: aestivum L. ) A AR,
TR B A2 49, iR 4 AN BE 7 Be /N 22 F 5 Jr 4
Bt SRIVBA LI, N BRI, 70 S, WA
AL 29.5 em (& 38 em; ZENRELH 5 om JEAGED T IE
JZ , AR R 2 38 SR B AR o3 450 5 AN AR
31.0 em 5 38 em , LA £ H, g HHTE 5. 0 em
B 1k R TR o3 3 R 7 R R AR A, N A
A B AR 3 em [ PVC 4048 F T K (4078 1
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Bl /ML, LU ) W22 LB H5 28 ) o JBORH 0 ~
20 em 4, i HAL, 25 N AR T LU 26 ke
FRAMBARNE 7.69 ¢/ke, 447 Wi N
0.22 g/kg, P,0,0. 11 g/kg, K,0 0.16 g/kg; 43 54H
MFR KA 17 302. 5 kg/hm?, N 495 kg/hm’, P, O,
247.5 kg/hm?, K, 0 360 kg/hm”; H & e 1/2 3%
Jiti, 172 36 it s B PR IE v Bt . RSk 1, T 10
H 16 HEERR, 4% 30 kL, e = = e i, &
A 23 AR, TG K AL B
L3 izt
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HR(CK) LA, #HXE &K 5H 75% ~85% FC; 4k 20
LR, AP S 3 IR KT B B K
AEFRBEAACE (IR T T BRI 2 EIR) , HAR B Bodiext
WK (75% ~85% FC) il K 7v o FH AL T 15 FEFR
VA E T3 KR, FHK TR i 25 A
Kb KR, AN 3K R T BT iy 1
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SR T FRE AR o
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RERLLE.
1.6 HiRAESHHT

2 a U0 25 R A — B, BORCH - S (5, SR
Excel 2007 Fl DPS v 7. 05 /344 1 B 55001
oo KPR BRI 2E 5 AT T 22 90 Hr (ANOVA) | FEA
J1I Duncan J7ik A 4e i R E PEAG T o
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2.1 RDIXE.BESRAEEKRARRE S BRI
2.1.1 RDIMREFERRE G EHIZ
R R/NAFPRLE B R R T2 Ot R
Z— kPR B 0 B PR AR SR 1
o RDLZ50F T B R AE /N 2 AR AN [R) 48 B Y
SPBCTE DL MG A/ N E MR AR A E AR T i
FRE B FE L BB  AFRR T 250 5 (HIH 5 By
BV (S —H A iy (M) VHE(S) IR 5 A B
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JEPR F2 2R T 2 AR R RERL ™ B R
&1 RDI ZHTHMBERREL/NEEKRTRRENSE
Tab.1 Nitrogen distributions in different organs of winter

wheat plants at maturity stage under RDI

P = =
W ZZE; RERER e
e ¢ (merk )
L
CK 3.54 1.42  67.90 23.06 73.01 26.99
L 3.09" 1.41 52.89 27.67 64.99 35.01
1 M 3,31 1.22 53.36 21.59 71.07 28.93
S 3.26" 1.28 54.80 21.80 71.14 28.86
L 3.14*  1.27 69.22 20.02 77.05 22.95
I M 3.17* 1.14 65.87 16.48 79.33 20.67
S 3.36* 1.22 67.38 18.94 78.04 21.96
L 3.19% 1.53 46.01 23.96 65.46 34.54
I M 3.17% 1.29 56.43 20.93 71.97 28.03
S 3.22% 1.18 53.92 17.94 74.63 25.37
L 3.52 1.38 36.01 22.49 61.44 38.56
v M 3.60 1.93  22.29 31.04 41.24* 58.76
S 3.43 1.72  25.82 28.75 46.11* 53.89
L 3.55% 1.42 59.51 18.41 75.32 24.68
v M 3.69* 1.46 50.18 23.78 67.05 32.95
S 3.98* 1.45 44.91 20.02 69.26 30.74

TE LR ZE i Y RIS .« SRR IR B GRF
(P <0.05), #=FRERBEGIHKF(P<0.01) 5 FIF.
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B R T B BEK A8 R R T R AY AT RE SR A
Z— W TR AN 2 BT T AR s

FLRS 4508 5 B B, AS TR) 7K 40 o = 4 L ) A7
TS, TEW B L I I, KA B
TRKFRL & s TR BE IV /K 208 5 RFERL 48 5 B 1%
A RELW RN BV K B R SRR
o X TAPRI AR BUR R, MBI A5 K 3
T (L) T CK, HAF BB/ E 5 BT CK, {3
LSRR E(P>0.05), KFFARE B LB,
Bre 1 IV K5 3 W22 Br B IV
(7K 5387 b CKAIR, o, i (M) (FEEE (S) 7K 439
7 CK FEAIRIA &K (P <0.05)

TERTA AL B LR B T 52 8 5 (60% ~
65% FC) Ffhi 5 FH 8 it fe i (69. 22 mg/ k) |, L CK
(67.90 mg/#k) 15 1. 32% ; ¥ ki & 53 L He A9 LA L By
By R BRI 5 (50% ~55% FC) B (79.33% ) , 1
Yo H O T (78.04%), F IR 2 5% B
(77.05% ) ;435 H CK 3275 8. 7% 6. 9% F15. 5% .
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B GRFF ) R 3 Bk 4 0 5 B B B V (E
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2.1.2 RDIXfBEEF R 55 HL 00

HREYMELEERITCRZ —, B EEO R,
RLER ATP [ 18055, SO 22 Tl R I 04 184, TE AR
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BRI AN E AR A E S LR
SRR TE EG AP 2 B A < PR K 250 s {H I = B B
IV 2530 5 4k B 1 B R 2R o R 43 T L 9 B R
FERL/NT 250, X 5 R E M BUR 5 4 e oL AR,
FEH R P 2 T aX 3 AN b B AR
MRATE XN T B BEK 4318 5 kL= Al
AT RE R R 22— T 7K 0 AN J2 BELAS: 1 1) oFF R
W3z .

FLARAI T 45 98 75 B B, A TR) 7K 43 4 B ) B 77 7
HRESrE, WS B 1 FPRiE & BRI T L
CK &, HEER T CK AL, HEF WA RE
(P>0.05) ; ZEBYEL I MK 5398 5 X AR 5 2 T
FUHEPE R 5 72 BEIV |V BEAS 2 Bl = B i SR
WEE R Hrh B 7 (S) b CK 8 5
21. 64% , ik K- (P <0.01) 5 XF T HF i i A1
S AarEc e, ER B T VIV KA E 5 ¥R
R AEI B I, 257K A0 5 AL PRAGFPRIBE AN 3R
AT LB F CK, R K30 5 K 1Y)

&2 RDIZFHTHAPHRAEZLNEZEKRARERE
HI5TE
Tab.2 Phosphorous distributions in different organs of

winter wheat plants at maturity stage under RDI

W o BERRW e
i 538 % (mg-#k ")
e ~ » -
b AN S T AN 1) S O/
CK 1.34 1.00 25.74 16.17 60.22 39.78
L 1. 40 0.98 24.23 19.09 55.21 44.79
1 M 1.30 0.86 21.03 15.13 57.88 42.12
S 1.31 0.71 21.96 11.92 64.52 35.48
L 1.51 0.76™ 33.23* 12.11*73.26* 26.74
I M 1.28 0.64* 26.17 9.28* 74.13* 25.87
S 1.37 0.80* 27.51 12.62*68.75* 31.25
L 1.16* 1.04 16.84 16.27 50.54 49.46
| M 1.23  0.62* 22.00 9.89* 68.54 31.46
S 1.46 0.67* 24.75 10.22 69.88 30.12
L 1.12* 1.06 11.47* 17.20 39.94* 60.06 **
I\% M 1.47 1.24" 9.09* 20.05 31.53*68.47 **
S 1.55" 1.09 11.84* 18.16 38.58" 61.42 "
L 1. 50 0.87 25.12 11.33 67.94 32.06
v M 1.49 0.89 20.49 14.33 57.92 42.08
S .63 0.83 18.38 11.46 61.65 38.35

Xof A WSO LA A R MR 5 R BRIV, 457K 4
e A I A R R R 2R 1 3 IC LG 5 3 CK R
i, Hik i 2 (P <0.05) Bk it % 7K-F- (P <0.01)

TEITA AL BE AR DAY BE T A4 132 3 5 R il AR
Fa iR (33. 23 mg/ B ), HUOR B B EE R
(27.51 mg/#k) , FRUSE P EE A 75 (26. 17 mg/BE) 3 Ff
PR o BC L DL B B T B T o
(74.13% ) , oK R W 75 (73.26% ) , FER S B
B E 1 7 (69. 88% ) o

HRHE 26 2 B o 5 28, DA W i 5 01 FH £ £
JEZ R BB T (=i —4) SN B K
Brie, B I (BA&—RE) Al BiH = BB, B
I R E—R) N5 B R = B B, 5 B DA AP
(50% ~55% FC) RE; BB IV (3R —HhE) R
BRI T BB, BBV (R — ) MR
="

RS IR SR IS RS B K T LA
FFwE RS TR 42 = W5 R R PRL o L L)
PRL I A= 7= vpoa 5 5k St RDT 3 35 9 3 AR, #2E o il
FEF SR
2.1.3 RDI X EZF R 5 5B 50

BB SR S AR ¢, B A A B S iR
R EFEE R A A T B8 . A AR I 4 R S TR
SR BT PR B S VE I B T i B R
mfERE A ER M EECR, IR EY M A <AL
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TR W3 Frn, RDL X 40 2 B R 5 40 BiL (1 52
Wi 55 58 R B DU W AR . AR TCiE
P75 BT B 7398 5 BZ AN e] , /N 22 AR AN )
o BRI i R R S H B < RN
T2 [ R 3 3L T, JCe WA~ Bk 739
TEA M TR E IR E . BRI A E)
AE% &, XXHEY A MR . BEMIERTE /N 45 40
[ £ 73 BB D526 5 1, A B iy A2 B TR
PRt AN R . SR AR, #2 R
BUERR 28 A E TR E R RS 28 2R
FRET L ARG EAK BT S A e 1)
FFRIFEREFIOMBL , K 5 2 (RS 2 B

HARG 2598 5 B B, AR 7K 73 A 248 ] 2 47 1
ZeSelke FERTBL L I MDORPRA 558 45 3 5 A Bl
FE CK s Forp BB A4 3 =5 AL IS 1k B 35 (P <
0. 05 ) =it fit /K- (P <0.01) , BB 1T i FE L8 5
FBT B % B2 18 75 3k 1 27K F (P < 0.05) 5 Bir B
V.V 35 Xk R 5 2 0 2 R . X AR A
MERE S HH], B D IV & 5 AL By
TC R 5 B BV 4% 0 5 A PR LY CK 35 %
% KRB = A BB SR B A0 & A 2 ik
e 3 ANRIENIN=EIS ta=RaAE 5 W -2 IF
X EITEE IR I 2 B U], B Be IV A 457K 50 3
T AEFRE L CK s W2 KF (P <0.01) , HoR
B Bk o ] 5 36 5 37 A B A 20 e EE G A 3 R
il o

®3 RDIZHTHAPHRRELNEZEKRAFARENSER

Tab.3 Potassium distributions in different organs of winter wheat plants at maturity stage under RDI

WEhE S %‘11%)5;%6?%‘5(/% RS (mg- ! )‘ SYBCELl/ %
FFARL &t kPR e SRR FFAL e
CK 0.61 2.80 11.70 46.03 57.73 21. 80 78.20
L 0.68" 3.28" 11. 46 65. 02 76. 48 15. 06 84.94
I M 0.64" 3.56" 10. 30 63. 05 73.35 14.23 85.77
S 0.79™ 4.62™ 13.23 80. 86 * 94.09 " 14.74 85.26
L 0. 66 3.93* 14. 54 62. 15 76. 69 19. 11 80. 89
| M 0. 68 3.00 13.74 43.50 57.24 24.08 75.92
S 0.70" 3.68" 13.98 57.19 71.17 19. 64 80. 36
L 0.69" 3.93* 10. 08 61.45 71.53 13.88 86. 12
I M 0. 62 4.11™ 10. 72 67.27 77.99 14. 31 85.69
S 0.62 3.53 10. 44 53.96 64. 40 16. 19 83.81
L 0.58 3.60" 5.93" 58.40 64.33 9.21" 90.79 **
v M 0.59 3.22 3.67™ 51.50 55.17 6.73" 93.27*
S 0.59 3.46" 4.38" 57.75 62.13 7.13" 92.87*
L 0.71 3.64" 11.83 47.12 58.95 20.37 79. 63
\ M 0. 66 4.12™ 9.16 66. 21 75.37 12. 60 87.40
S 0.72 4.01™ 8.08 55.38 63. 46 12. 81 87.19

MR R 3 B AT 45 58, B AE B F 4 B 1R
BB, B [ (=i —l4e) il Bk 38 7 B
B, KA 7 B R 40% ~ 45% FC; H R Ch By B I
(GRE—HKTT) K7 ER 50% ~55% FC; PRIk
JB BV (FE— ) KA 5 B 50% ~55%
FC,

2.2 RDI X @IS F AMEMNF

4 R J& RDL 4500 B & /N2 AL VB 7 40
FIFAZCR . SR LE, T = B BRIk 8 =
FEAnAn] | A& /NAZ A RR 1 57 0 R R SR SEAS oK
/MR A BE VB VA TR BOR TR R B/ IMK
UON R VB [ BT AR 4 38R &, B B I R
DATIT A3 BE K 2 75 A A1 T4 i AL B 7 o0 R FH AR
R ZIEB B JUHIE B BV B K 4318 5 (0 i 9%

I3 PR 25 AR s T T A B BOK 70 5, 2
AR TFHR A AR AR R

MG IR ISR 205 8 B B T (i
KR ) Bl HK YR B B, KA T
50% ~55% FC; U N HrBLI (R E—KIY) , K7
5 B0 50% ~55% FC; FUCN BB 1 (= M—if
Z) KIS N 40% ~45% FC,
2.3 RDIZHTEESSHTLEDR

RDI 254 T A& /N FR 9 SRR IR 5 P
AR FR SRR S brifE 22308 B K
REPE, A2 5 A BAOR R E M . i3 S AT LI i, 1E
RDI T, S0 W% 70 AR B SR 4 2 5 R M i
K HUIETR I AR AL 57 B BUOR, PO L
3 BE FU SO i R A2 S AR RO R, FPRE SR
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Tab.4 Nitrogen, phosphorous and potassium use efficiencies of winter wheat under RDI
e i *i‘*ﬁfi%/ 7 ??téz\ﬂfﬂiﬂlﬁ/( kg-kg™") ?’Fﬁﬂﬁlé’ﬂéiﬂz/%
(gB™") A B i A W il
CK 43.97 20. 61 45.15 35. 66 73.01 60. 22 21. 80
L 45.92 21.05 39. 49 22.53 64.99 55.21 15. 06
I M 39.37 21.50 45. 06 22.40 71.07 57. 88 14.23
S 41. 54 21.80 49. 34 18. 74 71. 14 64.52 14.74
L 62. 05 24.58 48.63 29.10 717.05 73.26 19. 11
I M 58.45 24.98 58.39 36.43 79.33 74.13 24.08
S 51.38 23.23 50. 26 28.21 78.04 68. 75 19. 64
L 33.56 20. 54 43.37 20. 04 65. 46 50. 54 13.88
1 M 51.57 22.73 55.88 24.02 71.97 68. 54 14. 31
S 46. 64 23.23 47. 69 26. 06 74. 63 69. 88 16. 19
L 25.17 17.43 35.59 15.88 " 61.44 39.94* 9.21*
v M 16. 06 11.45™ 21.45* 11.36 ™ 41.24 ™ 31.53* 6.73*
S 15.90 13.53 24.80*" 12.36 46. 11 ™ 38.58" 7.13*
L 45.11 21.25 45.38 28.90 75.32 67.94 20. 37
\ M 39.67 18.25 38.69 18. 67" 67.05 57.92 12. 60
S 29.38 17.40 37.85 17.95* 69. 26 61.65 12. 81
®5 RDIFHTENMNEEKRFHSHEN
Tab.5 Changes of nutrient parameters in winter wheat plant
oy ZH 72 i FH{E b2 AR5 R EL CV/ %
KR & B/ % 3.09 ~3.98 3.39 0.24 7.21
FERBEHR (mg bk ) 22.29 ~69.22 51.66 14. 09 27.29
A FERL A L %o 41.24 ~79.33 67.94 10. 72 15.78
FIFHSR (kg-kg™") 11.45 ~24. 98 20.22 3.77 18. 65
eHRTE H % 41.24 ~79.33 67.94 3.77 15.78
KR & B/ % 1.12~1.63 1.38 0.14 10. 39
KRR 2/ (mg-#k ™) 9.09 ~33.23 21.24 6. 45 30.38
W FERL A3 L/ %o 31.53 ~74.13 58.78 12. 85 21.87
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Fig.1 Effect of RDI on nitrogen, phosphorus and potassium residuals in soil
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