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Effects of Base Topdressing Ratio of Nitrogen Fertilizer on
Nitrogen Metabolism and Use Efficiency of Spring
Wheat Under Drip Irrigation
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Abstract: To investigate the effects of different base topdressing rates of nitrogen (N) fertilizer on the activi-
ty of key enzymes of N metabolism, N accumulation and transport, yield and N fertilizer utilization in drip
irrigated spring wheat under N reduction mode, and to provide a scientific basis for the efficient production of
drip irrigation spring wheat in Xinjiang wheat area, with medium gluten Xinchun 6 (XC 6) and strong gluten
Xinchun 37 (XC 37) as materials, five nitrogen base topdressing ratios of 0: 0, 238, 3:7,4:6and5:5
were set to study the effects of nitrogen base topdressing ratio on nitrogen metabolism and nitrogen use effi-
ciency of spring wheat under drip irrigation. The results showed that, with increasing N fertilizer basal rate,
nitrogen metabolism enzyme activity, nitrogen accumulation, nitrogen fertilizer utilization rate (NUE), seed
yield and protein yield all tended to increase and then decrease, while pre-flowering nitrogen translocation
rate, pre-flowering nitrogen contribution rate, and nitrogen fertilizer physiological utilization efficiency
(NPE) showed the opposite trend, and the above parameters were higher in XC 37 than XC 6 at the same N
fertilizer basal rate. The interact of variety and N fertilizer basal chase ratio showed that pre-flowering N
translocation, post-flowering N accumulation, post-flowering N contribution, NUE, N fertilizer agronomic
use efficiency (NAE), N fertilizer partial production (NPEP), N harvest index (NHD), seed yield, and pro-
tein yield were increased by 1.51% ~34.93%,10.62 % ~83.63% ,4.82% ~25.38% ,8.00% ~45.11% ,6.97 % ~
19.84%,2.00% ~5.80%,7.95% ~40.38%,1.44% ~84.86% ,4.44% ~98.04% , respectively, under 3 : 7
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treatment compared to the rest of the treatments. Correlation analysis showed that NUE was significantly

and positively correlated with protein yield, seed yield, plant nitrogen accumulation, GS, and NR. Therefore, a 3

: 7 ratio of nitrogen fertilizer base topdressing could improve plant nitrogen accumulation and promote seed yield,

protein yield and nitrogen utilization based on the increase of nitrogen metabolizing enzyme activity.

Keywords: spring wheat with drip irrigation; ratio of basal fertilizer nitrogen to topdressing nitrogen; enzyme

activity of nitrogen metabolism; nitrogen accumulation and transport; nitrogen use efficiency
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65.22%,15.36 % ~132.14%,8.91% ~74.63% , B
WL 7E3 s TR 2 D AR R A R R &0 0N
144.45,153.85 kg/hm?, 5 Hfth 4b B 22 57 1 3 (P <
0.05) , 2 75 6.91% ~99.68%,6.64%~91.40% ., 2
A db e, XC 37 TR 2R R 505 MR R AR
LAY 55 XC 6 435Il 6.14% ~9.25%,7.16 % ~
12.56% ,5.66 % ~11.30%.4.49% ~8.37%,
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x3 REBEELHMFEENEZREREZNENEE
HA] . kg/hm®

it Wi am VA VA VA VA A
i (IS Uux 21Kk 8K

2:8  56.07b  45.18c  33.39bc  30.61c  21.19¢

3:7  64.3%8a  55.00a  40.29a  38.75a  28.31a

JHE 46 59.59b  50.25b  36.67b  36.60a  25.10b

5:5  57.38b  48.18b  35.23b  33.47b  23.23hc

0:0  39.09c 32.03d 25.34d  20.96d  15.93d

2:8 40.58¢  37.58¢  30.50¢ 29.08¢  20.85¢

3:7  57.86a 53.la  42.2Ta  37.98a  32.90a

ZB 4:6 0 48.09b  46.21b  39.43b  35.38h  29.36ab

5:5 42.59c  40.26c  35.78b  32.52bc  24.68b

0:0  25.97d  23.86d 20.07d  17.35d  14.20d

A6 2:8 3458  30.72b  22.32¢  20.99c  13.32b

3:7 42402 37.96a 30.29a  27.03a  19.92a

MM+H% 406 39.32b  35.1la 27.05b  24.10b  17.39%a

5:5  36.05c  32.16b  23.50c  22.01bc  15.62h

0:0  23.76d 19.52c 17.63d  15.31d  8.70c

2:8  47.65¢  61.72¢  70.54c  101.03¢ 110.79¢

3:7  62.87a  85.68a 90.77a 127.43a 144.45a

FEL 4+6  55.86b  77.69b  82.19b 115.11b 135.1la

5:5  51.56b  73.41b  78.67b  110.91c 123.22b

0:0  35.09d 44.66d 54.06d  62.28d  72.34d

2:8  59.90c  47.62c  34.57c  32.96c  22.89c

3:7  69.40a  57.79a  45.62a  42.53a  30.30a

R 46 65.83b  55.13a  40.21b  38.91b  27.39b

5:5 6118  51.47b  36.61c  35.59bc  24.76hc

0:0  42.00d 35.81d 27.11d  21.73d  18.05d

2:8  43.62c  39.75b  34.10c  31.89c  25.26¢

3:7 6149  55.10a 48.82a  42.85a  35.0la

X 4:6  53.30b  48.55a 42.62b  37.38ab  32.88b

5:5  48.2lbc  44.64b  39.48c  35.65b  29.92bc

I 0:0 26494  24.0lc 21.83d  19.24d  17.15d

2:8  374dc 353l 241l1c  2L.75¢c  14.90c

3:7  44Tla 40732 32.38a  28.16a  20.53a

MEM+H5% 4:6  41.05b  39.52b  29.46b  26.85b  18.34ab

5:5  39.02¢  37.32b  26.56b  24.17b  16.47h

0:0  25.60d 2241d 19.89d  17.42d  9.18d

2:8  50.87c  67.82c 71.39c  104.94c 119.19¢

3:7 6593 89.57a 97.23a 132.3da 153.85a

A 46 5809b  80.70b 88.93b  119.82b 144.28b

5:5  52.69c  77.79b  82.75b  113.19b  131.01c

0:0  36.82d 50.42d 57.25d  66.04d  80.38d

VI BRI/ S 27 R [ b BB 92 52 8.3 (P<<0.05), T,
2.2.2 HMHRERERETA HE 10 T, 2 A5

HE bR 2R 2R R SR B A S5 TR 8 3 W 1 o 1) e, T
TR B A AL PR SRR ILA 3 2 7>4 2 625 5>
2:8>0: 0%, AR L3 7THABT,.XC6 M
Mtk A ZE M E KR 215.67 kg/hm? . 5 HAth kb 71 2% 7
2 (P <0.05), ¢ H i kb B4R 5 9.12%6 ~ 60.06 %65

XC 37 ftR A Z B8N 228.29 kg/hm’ , 5 FHift kb 3
250 R 7.45%~60.50%, H XC 37 Hifk R E MR
A3+ TAB R XC 6 & 5.85% . 2 A E G
BT e B 2R B R AR R AR
TR Z [ AFAE 3 PEA DG OC &R (3R ), Ui W AT DL &
R AR RS RLE H & i,

2.2.3 MARAETHIEIWH T PEERAIEEEE LK
Hm,XC 6 fl XC 37 AR B FFEAMRL (R 5) . /N
TR R s it AL G AR R ML G A R slkoR
PR N 3 7>4:6>5:5>2:8>0: 0;MAEH]
REHKBRERAETAZ TR E WA, 3 7 4b 3t
T2 MMM AR ZREES T 2:8M0:0
REBE (P <C0.05) , B HoAx 45 Ab 34 55 1.5190 ~34.93%,
HERZMER AFEARTME S HRE L %S
WBE L 10.62% ~83.63%,4.82% ~25.38% ,
XC37 fbmiA R iz MHERAZMER MLEA
Z TR XC 6 20918 0.51% ~6.95%,0.74 % ~
25.06%0,2.21% ~12.57% . &R AN 358 b Ak 34
X 6 T R F5 32 8 AN AETE 35 1 AR08 o {H X A6 R
R PR W W AR S Y Y
AH 3 %) AR RN .

23 WEEEEBLFIXFERENZRERNAEN M
2.3.1 RAeH A Fey T XC 6 F XC 37 BMEA
R AR — 3 (K 6), %4 B NUE,NAE,
NPFP & NHI¥FEM K 3: 7>4: 6>5:5>2: 8>
0:0;1 NPE WIAHS, 7 3 : 7 AbFET,2 A 5 Fp
NUE.NAE.NPFP W # & F5: 5 M2 : 8 4bFl, 5
4 ¢ 6AbHH2E ORI 2, 430 b H AR Ab B RS 8,00 0 ~
45.11%.6.97%~19.84%,2.00% ~5.80% . NHI 5
A Ab PR 2% 5 5 2 (P <0.05) , 55 7.95% ~40.38% ,
2w R ORFORL P BB B s e ) O 7 304,45,
7 546.17 kg/hm* 1 975.14,1 183.20 kg/hm?* , ¥ 5 H.
AACFEE 5P 0 2, 4y AR R 1,44 %0 ~52.68%0,4.44 % ~
53.59%,2.91% ~84.86%,5.36 % ~98.04% ., 2 ™k
PRI AH L. 7E 3 = 7 & B F, XC 37 1y NUE,NAE,
NPFP  NHI FfFRL ™ i Fl R 0™ 5 58 XC 6 43 51 42
T 5.64%,4.65%,1.86%,0.69%,3.31%,21.34 %, i Fp
AR AL HE 5 NUE,NPE, NHI, KL 2= &
AT R AETE 3 BAREAUY . 5 NAE NPFP &
2 H AN 8 B S B SN0 S 38 B ) AT R gk N A2
X AR A WBOR] ]

2.3.2 REAAELENRMIEAAGEELEZ M
XM (£ 7)), NUE 5 GY. PY. ENTA,
TNAA.GS.NR 2 BEEMLLR, 5GSBEE
PEIEM XX R .GY 5 PY.ENTA,TNAA NR &
BEIEMERX R, PY Ml ENTA,TNAA,NR 2} &
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o536 4%

FEMEEZR, W PY.GY.ENTA.TNAA.GS,
NR &K m NUE A28 4k, /N % GS,NR i 15 M

52 e — B R AL B R ik R R R R iz A F T/
22 et BOR R M R4

3 2:8 A 37 E4:6 B 2:8 A 3.7 E4:6
250 - 007 5:5 EZX] 00 250 - [0 5:5 @010 8
a a
S XC6 @ b < 8 XC37 1y b B b
Zis0 | SHENE SRE <150 | = SH
: =i e : | il RN hpE
B¢ 100 [ Shsls =g B¢ 100 [ Shsls g o K
K - Shems =i K = = o 9
#% 50 M SRS =H # 50 - =B Ef s ]
& - - - Shepe =g & - SRSEE ShoNS Shb -]
_ 1 'l ok 1 'l ok 1 Ml = M= ] _ 1 k= k= L A T ok |
HETd fE)514d E)521d fE/E28d RV ETd fe)E14d f£/E214d 16)528d A
4B A 4 B i
B10 mRIEEELGNFEENZEREEZRENZE
R4 REREHETEERSENHEXXER
I 5 B A E R R EHAERER A+ A R HRAERER HEHRAERER
XC 6 0.880" 0.934 " 0.948" 0.966 " 0.967 "
XC 37 0.996 " 0.970* 0.988" 0.990" 0.938"
£S5 RIEEBRANBESNEREREHENTZM b NR.OGS BB EMT 3 7, 0l BT
it PSS ERAZ 25.75%,19.39% , FHMEAR T ERM T 11.45%,
g L RERA/ REE FRE RREAL/ FRE 0 3 24 3 0 0N T LA 4 6 UG 0 6 Tk
(kg+hm™ %) (TR)/% (CR)/% (kg+hm %) (CR)/% B T A R BT A R A R, 2
2:8  72.85h  58.80h  72.271 27.95 27.731 s et e Y o
’ R e S BUIHESE He 1+ 1 B 95 10036 280 7T 0 RF R 2B 11 R
3:7 77.30a 52.42¢  69.99¢ 33.15a 30.01a P ‘S‘(E‘[Ab = H}]ﬂ:i‘@hﬁ /j{rikﬁiﬁ E‘%E
XC6 4:6  76.13ab  54.90c  71.08h 30.97h  28.92b \i%ﬂim",ll Heo= e o 1%** 7: .:
5:5  7421ab 57.00b 71.89b  29.0lc  28.11b i o ﬁ*ﬁﬁﬁﬁﬁ: I A A R 3 2 5
0:0  5.70c  6L60a 77.00a 1664 23.00c FEAIRIR Tt i O 55 L 2 A MR o 7 4 A
2:8  73.22ab  56.88b 7165  28.97c  28.35c AL e — 2 o — P IT A B 8 A /N 22 (XC
3:7 78232 Sl2dc  68.71c 35624 31.29a 37) HIFERE NR.GS.GOGAT B 2 45 3 1 o /5 /N 22
XC37 4:6 77.08a  53.06be  70.44b 31.20b 29.56b (XC 6)%E 1.94%~8.97%,4.97%~21.9%,1.15% ~
5:5  T4.67ab  54.73bc  71.19b 31.34b  28.81he 3.05% , S EA A B 12.24% ~20.33% , Ut
0:0  59.57c  62.17Ta  Tdlla 20.81d - 25.89d A 5 5 /N 22 Bb A i /0N 22 6 R0 R ) R AR, R
a( i) 3,945 65.968° 144,428~ 31.335°  32.790" b K IE AR ILE Bl 3+ 7 AR T, 5T
F {4 b(lif) 41,778 474,637 279.157 209.416 331.113 %Eé,%gi\qjﬂblj\ifﬁ,f_hﬁj,?é%@@@(ﬁlri’%ﬂ/ﬁ%{kﬁj
X 1.277ns 16965 16.506" 34177 19.540" T
— 3 IR AR A AR 1 R B SR R R
**f”“ T 3.2 FIREERAINEEENERASRERENEMN
3 W T I A R O 0 0 2 R R T

3.1 REEBEEBHRAMEEENEFHNARTREX

EEEE AR

NR.GS.GOGAT & Z 58735 /) Z H8 tk A AL
A . A IR S 08 A AR S
JniE NR Ak B, 32 /N 22 0 Py GS 3 1 B
S AL RE T L T3 . AR R I, E AR R
(250 kg/hm®) , 4k J& T I F00FFRL 04 1 5C 5 il 3%
(NR.GS.GOGAT) ¥ bifi 1€ 5 K £ 34 fin iy Fe A%, ix 5
WU (I gE 4 e — B0, 4% A BRI U 5% e il
TR R A YR IMN 32 7>4 2 6>5: 5>
2:8>0: 0, HEFB S 5FF R EM NR.GS i
PR M E A OG o R R SRt 2 s 8 1Y

s, AR EI,/NEZER R BT AR
B 35 B 5 A6 Je DR 0 I T 32 2 AU 5 17 AL B AT
AR R | W RIS, Horp, s (XC 37) fivp
fi/NZE (XC 6) 288 it 5 Bl + 0 76 FF R 43 S o
TR R R ENY 19.75% F1 19.35%,20.83 % F11 20.78 % ,
15.48 % F1 15.25%,48.97 % 1 49.71% . b PLER
KA R BB RN 3: 7>4: 6>5: 5>2: 8>
0:0, HEEAM &S &WE MEKN AR BT
PR IEAHDCIE R . XC 37 2580 . i Rl + 35 52 S Al
AR R XC 6 40505 6.14%0~9.25%,7.16 %~
12.56 % ,5.66 % ~11.30% ,4.49% ~8.37%,6.49 % ~
8.46 Y0 » 1 WA 38 B 1 ZIE 338 L 1) AT 2 1E 8 RRE A
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PRESEMBE, LHEBmA/NERARWBER, Al
NG N e S R R AR AT S R TR
WL KR MG R R EREHLELER., AR5
KL AT A R iz R A X R YA
FLI8 L A B I SR R R R L T 3 s 7 ik B
FAB L 4y 1K 78.23,35.62 kg/hm?®, T 82 rh ¥ 42
N AR Ly 4 ¢ 6 F1 5 2 5 AbFRA R AR A E

R, XC37T HHARHRR AR
iz R AFE R R MALE A2 R STk R XC 6
Iy 6.49% ~8.46%,0.51% ~6.95%,0.74 % ~
25.06%0,2.21 % ~12.57 % , H. &t Fp FEAE 58 b Ak 38
YAEHT A R 2 % A5 AR R E Aotk A 7E W]
0 EARRON , Ui BT R A /N & 5 2 BV AR WAE L S
R AR R S s,

xo6o AEEBHOAMNBESNEZREMNAZR~ENHMI

AL R A ! A
(NUE)/% (NHD (kg*hm *) (kg+hm ?)
(kg * kg™ ") (kg * kg™ ") (kg * kg™ ")
28 26.50c 8.10¢ 30.55a 28.05¢ 59.73¢ 6908.25d 820.01b
37 36.37a 9.68a 26.62b 29.62a 73.92a 7304.45a 975.14a
XC 6 4:6 33.16a 9.27a 27.94b 29.26ab 68.19b 7200.70b 947.61a
55 30.44b 8.60b 28.26b 28.50bc 63.42¢ 7034.42¢ 865.94b
0:0 — - - - 51.68d 4784.23e 527.50¢
2:8 25.04c 8.43¢ 33.67a 28.46b 62.43¢ 7021.31d 1016.69b
37 38.42a 10.13a 25.64bc 30.17a 74.43a 7546.17a 1183.20a
XC 37 4:6 36.09a 9.25b 26.37b 29.36ab 69.23b 7225.61b 1123.01a
55 32.21b 8.98b 27.88b 29.07ab 65.87bc 7158.08¢c 1.057.25b
0:0 — — — - 54.00d 4913.33e 597.46¢
a(fh ) 24.657" 2.105ns 0.005ns 51.316" 1100.516 " 17.241ns 443.690"
Fd bCab#D) 12923.352" 1596.926 " 1819.419" 2521.262" 3000.939 " 1596.926" 1682.717"
axXb 44,197 1.153ns 10.418" 0.251ns 37.704" 1.153" 31.673"
7 aRBERSEEF AEZ BHEXSH
S8 NUE GY PY ENTA TNAA NR GS GOGAT
NUE 1.00
GY 0.99"" 1.00
PY 0.92"" 0.92"" 1.00
ENTA 0.97"" 0.96"" 0.92"" 1.00
TNAA 0.99" " 0.99"" 0.94"" 0.98" " 1.00
NR 0.31"" 0.30" " 0.29"" 0.31"" 0.31"" 1.00
GS 0.23" 0.23" 0.22" 0.23" 0.23" —0.14 1.00
GOGAT 0.06 0.06 0.06 0.06 0.06 —0.64"" 0.83"" 1.00

#:NUE.PY.GY.ENTA . TNAA.GOGAT.GS.NR Bl M AIEA R EA G =& A = ARz KEAXRER FE4RE

JUE A T e B R Tt R i TR 3 D N

33 @EEBILGXEEENEZRENAERNZME

A B FC S 75 Be i = A 1 AU T L A R
it R R0 2R AL IO AR ke R AT I [ ] AL, A ) T AR R v
A= )RR R T e R, AR
FIHECE SEY P 8 2 IEM KR 4B 5 WS & it
AA R TS A H R, AR NPE 46, H Al
BAEPRAAL R RN 3+ 7>4 : 6>5: 5>2: 8>
0 0, 5AT AP B AFZE 45 250, NUE B &I 3%
B Eb A9 1 B0 S T e R A, T BB B TR
BAL 2 S BT NE K R R A K S B, S
B2+ 8 B E B e ANt R 43 3 B NUE

K NPEP T [, DT fd 45 4 2 08 ™= BB IR 98 . AR
UV RS e e i A = i 4 G =Y @ T - SR )
Wb X AE BB H ol 3 ¢ 7 A3 R Al A K /N A A (o
ar E TR A R N AR R i KR A
i, PR B A AR A 3, — @ FE B b ] i 0 JIE R
s miad BRI RAL)E RS (2 ¢+ 8) M £ i 2% 45 2% B I 47
JBT ) KFRL Y 2 B 43 TE - 3 2R 7 MR A . AR TE 3 ¢
7 b BF ,NUE .NAE,NPFP,NHI . ¥ ki = & & 1
e XC 37 & XC 6 43 9 & 5.64%,4.65%,1.86%
0.69%,3.31%,21.34 % , BB /N 22 Wb 0 28 W e ) FH 2L
BRI 25 S SR A R (XC 37) /NE B A R (XC 6)
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XA IR URL. a0 BEE] XC 37 Fil XC 6 /NZ A

AR O R I% P 109)722 Al 34 5 o 7 e B A — B, HL

TR ENE S T A 36 F R ™ B 5 R G B il A7

W ) ELAE RO 5 R] s /22 /R RT3 5 A AR OC

SRS PR R D EAECOCR . DR E S E A A T

B3 = 7O HG I/ IN 22 R g 1 it PR AT R A 4 e R e

RHRREPE , LA /N X RUZR (9 [ Ak . T, 3 11 38 Jin

EMARMR LR m kR M ANE R, 1

Hh A RS AR H it 1 AN/ E AKX T8

7 R AN A R U BRI TR R iz S R R ROR

AL W G, RB A S WL BEGE [h 3 = 7 W] B SR L i RF

WL ZACH BTGP AL R R TP AR K I R

AR E AR W R L5 42 @ k™ & FAUIE ) H]

MR X R G T — 25 K EAIE,

4 8
ABIE 5T S B o R T 35 P e I ] S e N A 7

KR FFITRCR & F AL B8 LT i 35 4R i

I FORE L A DG B T 1 R TR AR AR R R

iz, B [ 4 e 7 e R R0 R R A R A 0T D 4 R

Jit 14 S S T S R O R B R A ) R, HOAIR

BT AL 8 ey 3 2 7 i CRUBE L0t 30 % + 38 A

70 %60 X /N AR Ul O P R R BRI R T Y A

VE R A R T 2 A7 R ™ o R 1 T o, g2

TR S HE AR N2 R R E R m AR R AR
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