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i R Xy T B 2R -5 70 T ™ e AR SR W) B T
FEAX B . Foh, BN Z R TE e (A%
B /T 10 mg kg™ ) m AT SO0 5 kAR X A
(RIS 6 E R HEAT I 102 A S A AR & AR
e R b /NS X RUBRLAE B BN i 5 R — 2B AR . AR
SCHERE LA U R /E40 mg kg A2 AT IR
PLR R A I BCRA W) B P~ /IN A it b S sl o 8T
JEBIESE o SUIR I PI/INE dh B AE AN [ 0Bt P 7K 7 T
T BRI 22 5, 48R FURLIC it X /N A2 A6 )5
Py T B 2R S E AR e ) 38 1 4 RO S R R A IS
RIKAR

1 MRS

1.1 Rt

RIS T2009—20104E F12010—201 1 4E P 4E JiF
FEINARRA R 2E LR, (484 ) 17, RS TiE
T R i e 2 i e XU X bR B AR

FHRBCREAR I N ZE SR 19 (Y19) RIS F
FRCRE S /N SR 6% (W6 ), e Hoid
R R, 1502255 8k hm 2, PI4E
JEHF10H7H R, WAAE6H 14 Hsk . #%Fhai
MEO ~20 em T2 HIEFRHEE (R1)
KRB, NERFCEX,
A K R X, BB K X, Hop
2009 —20104F & 247t /K F-, 405100 (NO)
240 (N240) kg hm™; 2B AKF, 2914
0 (S0) F160 (S60) kg hm™, 2010—20114FE %3
ANt &K, 4380 (NO) . 120 (N120)
240 (N240) kg hm™?; 4 HisEKFE, 250K
0(S0) . 20 (S20) . 40 (S40) . 60 (S60)
ke hm™2, /PXTF1.S m x 7m =10.5 mz, RRAb 3
FHE3IW. HRZERL, ELoREEHIT, 6
FRARVERR A AB AL, AL e =, B4
Wi (P,05) 4 (K,0) £%166.5 kg, EN50%
B, S0%4K WA, #E . BRI 4 AL

£1 R 0~20cmEBTIEFESIRR

Table 1 Soil nutrient condition in the 0 ~ 20 ¢m soil layer of the experimental field

Ay AL £ B A AR A AR
v Organic matter Total N Alkaline N Available P Available K Available S
ear
(gkg™) (gkg™) (mgkg™") (mgkg™) (mgkg™) (mgkg™)
2009—2010 17.9 1.3 112.8 30.3 99.8 42.1
2010—2011 17.6 1.1 39.5 72.5 38.9

JHC b A7 B i [] — e o5 7 L
1.2 MEMB57HZ

INFZ TN A ALY AL (SOD) TEME L N
T (MDA ) i, AR B a0
HL0.500 oBY i i) AR 5, B R AT ER L S
50 mmol L™" W#EMRZE v (pH 7.8) 5 ml, VKIHF
B, AP T, BEEL20 min (10 000
rmin~') , FEREIABLE S, 4CHRF. R
Btk L I ESODIEE, WL A3 ik
SEMDA S i, % Dss i G-2504: (k1 il s vl
BHEEAR S,

INEFFAC SR MGG R (P ) BYIIE -
i LI-6400 AIEHEXSEEAL (LI-CORAH],
EKH) 4 TIAEFO, 7. 14, 21/M28 d L4

9: 00~ 11: 00HZRGITN ME it LG 3R
R 3N EHE

TY AR B 5 ECAIE : T AL R
EAT AR Sh A R A FUBORE , T AL AR BRRAE 5 43 it
A ZERT+IEEE L BEER s U O kAL i
Ao ZEFF+ES L B+ FER DU A Sy . AR TFR0°C
HEEETE, WETYRE. HEAKR T,

BRMEIATIT A T YRR (kg hm™)
=E RS E AN T E - ERSERAM THE; I
185 R T 9 B AKFR R (kg hm™) =PI
BT H —ERSEATT AT YRGB, B
B I AT AE T4 i 7% 5 X) AT R 7™ 1 1) 5T R
(% ) =FFAETTE F5 858 B WAF T W) o % 7 f /2 )
FERL T2 x 1005 JF 465 [F) 46 T 9 5 A FF R it %t
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R =R oIk % (%) = JFEE R B A
FEARL /AR T H x 100,

FERE AR S I . BUAIIAE RS, R
FEARGB2905-1982}- filf 1 FC i 20 1 I 2 A ik 45 7%
B R . R AR M b R R B R R R AL
R EAT

FbeH bR R B o,
PRt FERAE M B (kg hm™) = AE M -
T E xR A AR B AR AR AL
RIGTEAR T N REMABE (kg kg') =
KPR /i R A A R B . AUIEAR 2R
RAE AR s FIR AR (kg kg™') =
(it AL B i — ANl AU A B o) U
1.3 HUESH

K HMicrosoft Excel 2003% 4 #E47 B i3 fn
2K, FDPS 7.05881H 50 B b AT 22 7 b P A
5% (LSD¥:) .

2 45 R

2.1 IMEFEFEMTBEAYELE (SOD) EHE
25 4b BN Z SO D M AE T AE 5 ¥ 2 e T
o JE PR B e A () o Hor, Y197k
F M SODIHHETETF 14 dJF T, MW6/NZE
HSODIEHEAEFF 21 d)F TR, Rl —HiE KT,
Y 1946 J5 P SO DI 14 B At i 12 i 38 i S 7 =5 )5 1%
fiK, TENOZKF T LAS404b ¥R AR =, N1207KF T LA
S20FIS404b B H 7y, A TMIAEFFAE0 ~ 21 dI[H] TG
WEES, N240/KFFLAS2040 Bl 5, S604b
LT SO, NOFIN120/KF-F, W6LE 5 T
SODTEMEFED ~ 40 kg hm 3 [l A o it A7 22 79 384 i 252
ThE#a$, S605S4040 M) G i % 2% 55 N240/K
PR, W6/ S2040 FE SO DS M i 3 = T S04k
B, (HS20, S405S604bHHE C i 2 5. A

650 6350 650
600F Y19 600 } 6oot Y19
550} 5504 550
= 500} 500} 500+
Ten 450+ 450 450
= —e— NOSO —e— NI120S0 —e— N240S0
=, 400} > 400 4 ) 400+ '
& —o— N0S20 —o— NI120S20 —o— N240520
£ 350} —v— N0S40 3501 —y— NI120S40 3501 —y— N240S40
2 —A— NOS60 —a— NI120S60 —A— N240S60
2 300 L L ' 300 . . L : L 300 : . .
b 0 7 14 21 28 35 0 7 14 21 28 33 0 7 14 21 28 35
# 750 750 750
B 700F we 700} 700F  we
g 650 + 650 650+
X 600} 600 600 F
S 550t 550t 550+
g 500 500 500+
4501 —e— NOSO 4501 —e— NI120S0 4501 —e— N240S0
400 —o— NO0S20 400 —o— N120S20 400} —o— N240520
350 v— NO0S40 350 | —v— N120S40 350l —v— N240540
> —a— NOS60 > —a— NI120S60 > —a— N240S60
3(]0 L 1 L 1 1 30[} 1 L L 1 L 3(]{} L 1 L 1 L
0 7 14 21 28 35 0 7 14 21 28 33 0 7 14 21 28 35

o Y1I9OMIW6/r H R /N A S P AR 10465 . NO, N120FIN240%3 B F /R M %0, 1201240 kg hm ™,

FAEJG 78 Days after anthesis (d)

-2

SO, S20. S40F1S60%>

BIFRMBRO. 20, 40160 kg hm™, F[A Note: Y19 and W6 refers to cultivar Yannong 19 and wennong 6, respectively. NO, N120

and N240 refers to nitrogen application rate of 0, 120 and 240 kg N hm™2,

Fig. 1

application rate of 0, 20, 40 and 60 kg S hm™, respectively. The same below

1
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ASTE b BN /NG TFAE 5 T I AR e s (B (SOD ) 1&g (2010—2011 )

Superoxide dismutase ( SOD ) activity in flag leaves of wheat after anthesis as affected by treatment (2010—2011 )

respectively, and SO, S20, S40 and S60 refers to sulfur
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it FH U AE T DL R /N A AR S T SODIE M, 5
LR /INE TR, FA (240 kg hm™) B (60 kg
hm™) W2 FEY 19/NE B AL RE T7 B A
22 NEFEREMAZE (MDA 8

P /N 22 B JF A6 5 TEE I MDA 5 S 3% T
(E2) , Y19 MDA B TW6, [F—mA
[FIAbFEME] A Y1946 /5 MDA & &, FENOK
SR RISOA B f R, S40FIS604b BRI, H.S405
S60KLHA]TC B 3 25 55 FEN120/K T, A AbFETE
JHEIE0 ~ 14 AR E R E 2=, JHE14 dJ5, S20
HISA04b B 3 K TSOFIS604L 3 ; 7EN240/KF T

PLS604h Bl 7, S204b BEEAR, S40HISOALBEfE
HoHE LR EES ., WlbFiEHFMDAS &, 78
NOKE RS20, S40FIS604LFAETF L0 ~ 14 dif]
o & 25, AR EL TS0, k14 d
J& . S40FIS604b 3 E] 45 0 25 25 5, (H R E(RT
S20F1SOLLHH; FEN120FIN240/KF T, S20. S40
FIS60LLFR[H] TC i 2 22 5, ¥ AR T SO F .
BME 20 kg hm 4 A F FEAC/NZZ MDA & i
EL7E 5 v il 8K P 4k 2 s it A B, P W6/
PP ERDEAR I W, o Z s id 2 2B Y 19/h %
T MDA 5 5 5

45 45 45
40 Y19 —e— NOSO 40F Y19 —e— NI120SO 401 Y19 —e— N240S0
35 —o— N0S20 sl —o— N120S20 ;5L —o— N240s20
~ 7 —v— N0S40 - —v— NI120S40 ) —v— N240S40
Z 30 —A— NOS60 30 —a— N120S60 30 —a— N240S60
"o 25 25+ 25+
£ 20 20} 0}
Z st 15 F 15+
Z 10t 10 F 10
:E -_‘ L ' 1 L L 5 i i -“ L
g 0 7 14 21 28 35 0 7 14 21 28 35 0 7 14 21 28 35
3 35 35 35
<
8 il w NOS , 208 .- N240S0
| we —®— NOSO | we —®— NI20S0 | we —*—
= 30r Ve o Nos20 0T M0 o N120820 0T M o N240s20
il —y— NO0S40 .| —v— N120S40 55| —v— N240540
g . —&— NOS60 = —&— N120S60 ; —a— N240S60
1120 20} 20}
z
5 15t 15}
10} 10 10}
5 L ' 1 L L 35 1 L L ' L 5 L ' 1 L L
0 7 14 21 28 35 0 7 14 21 28 35 0 7 14 21 28 35

FFAEJG Fo % Days after anthesis (d)

B2 AEIARBEXS N IFAE S I 8 (MDA ) &80 (2010—2011 )
Fig. 2 Malondialdehyde (MDA ) content in flag leaves of wheat after anthesis as affected by treatment (2010—2011)

23 NEFALGEMAAEEARSE
WE3FTR, YI9OFFAE)E28 dif it n] k&
& b ) o i 22 5, AEFAE)E0~21 d
B, NOKFETF, S20. S40FIS604h 3 ¥ = & T
SOKLFE, LAS40FIS604tH e iy, H &\ K &
£S5 fEN120/KFF, S405S2040 Hi 6] G it % 2%
S, HEFEETSOMS604FE; fEN240/KFE T,
S20 >S40, SO0 >S60., W6 n % M & A il &
i, FENOZKF T Bl il B £ 04 388 0 2 A m A, (|
S605S404bFH (] g W 2 2 5, 7ENI120FIN2407K
R, S20. S40MIS60AFEZ L E =R, 1
i T SOAbHE o 15 W A o e B P S 0N A2 AT

PRI BT & A, (B 7R 5 it &K P i A
20 kg hm X /N2 HE AT A AR 0 O 1 A
AR, 3 20 S n 23 FEAR Y 19/ 22 JE it
AR R A
2.4 INEREMAGSER

MEATT LIE H, Y19 E &%, 7EN0K
P B it A Y 3 2 T A, {HS605 84040
HEJCE 2 5%; 7ENI20KFT, S205S4040 3
[ JC 3 25 5, (H 1 355 T-SOFIS604L#H s FEN240
KT, S20>S40, SO>S60, W64
K, FENOKF- N B it B3 £ (9 38 m 2 TSk e, 1
S605S4040 B 8] JC 1.7 25 57, TEN120FIN2407KF
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K3 AN [a) Ak B /INAZ T AR J5 Bt m] v M 2 1 B d A 520 (2010—2011 )
Fig. 3 Soluble protein content in flag leaves of wheat after anthesis as affected by treatment (2010—2011 )
35 35 35
716 G G
30l Y19 sl Y19 20 Y19
254 25 ¢ 25
‘= 20} 20} 20
=
E I15f —®—NOSO 15F —e— NI120S0 15F —e— N240S0
Pt —o— N0S20 —o— NI120S20 —o— N240820
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Fig. 4 Photosynthetic rate of flag leaves in wheat as affected by treatment (2010—2011 )
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T, S20. S40F1S604FH [H] TG B 2 5, ¥ TS0
Ab P 15 A bt AT R R N A AR TR A
R B AR A K R L 20 kg hm Xt
INZE TG ORI IE 7 SRR, i 2t
B ST 23 B Y 19/ 22 i 4 TRl A g
25 NERERTURMESHE
MR DLE H, AR, M, JE.
. W x AEEME. S x mEEME. BAE x
B 2 HAEXT T AL 5 9 5 AR 2R B HLGE AR 1) BT ik
RABEIRMNEERMTIEH. R3ImH, YIOESR
A E AR T A T4 5T e 7%tk e 6 R R 1) BT R
T W6, Ak 5 746 T 9 ot iy A ke 5 e FExT
FERLIY DTHRCR AR T W6 . ANFEALFE A, 2009—
20104F, FENOKF Fififii60 kg hm > FH Y19
FIW 648 S [R) 4k~ 10 J5i iy A KPAE 0 B H G Ff L 1) 5T

Bk, 7EN2407KF Fii 60 kg hm A i 2 W6 1
Jei [l Ak 0 05 i AR S O RERE G BTk R,
XY19ORF], 2010—20114F, Y1946 )5 R4k T4 i
i N FP R B G RERL A BTRK R, FENOZKOF T Rifl
Jiti B 2 48 2 T R H, {HS60 5 S4040 H R G
TS, LEN120FIN2407K -1 J0) Ff it 5 5 354 i 52
SeTHERERAE, 3 BILASA0FIS2040 P 5 3 W6EAE
Jei a4 0 05 iy AR i R R () BTk R, 78
NOFIN1207K T £ Fif jti A1t 125 1) 34 fin 52 7+ e e 3
fHS605S404b#H [1] ¢ & # 2% 5, FEN240/KFF,
S60. S40FNS204b FH[H] TG i 25 25 57, ¥ I 3 1 T-S04k
H, PUHIFENORIN 207K Fifi#iid0 kg hm A F]FY19
W6 T AL 5 19 03 i A B KL FeR R i 43 BiE,
N2407KF-F j i #5520 kg hm >%b/NE T 45, it
LIS 2 B EEIRY 1997485 TR R A&

®2 FRAEBMNEFERTFURMESBEEZWMFTEST (FED

Table 2 Variance analysis of the effects of the treatments on dry matter accumulation and distribution after anthesis in wheat ( F value )

LE4y 7% 5 e B EIALRIAE JHAEERME TR B3R B IR AE T i %jﬁ}ﬁ[i]ﬂﬁ%ﬁﬁ
Year Source of variation  FIESESAY  MAKRRY  BEALPR R goas o R XD
FER Y BTk
2009—2010 il Cultivars (C) 22577 11 450" 384.0” 12 609™
& # Nitrogen (N) 359.77 4233" 1.1 39.77
2 Sulfur (S) 1.83 16367 24.4" 82.8"
fnFl x HE Cx N 0.81 39317 83.50" 324.2"
mh x BiE Cx S 0.85 1224 29.40" 98.6"
REXxHE NxS 30.5" 5984 187.6" 641.3"
mih x AR x R 1.26 3499" 207.9” 716.6"
CxNxS
2010—2011 A Cultivars (C) 6 004" 3105”7 6412" 21417
A % Nitrogen (N) 279.6" 356.6" 70.917 183.77
T Z Sulfur (S) 1.47 248.9" 43.70" 24.88"
Al x A E CxN 277.6" 631.3" 220.9” 600.5"
< B ZE Cx S 2.20 104.8" 8.64" 5.98"
HEHENxS 0.66 31.69" 5.09” 3.65"
iRl x AR x R 1.52 15.44" 1.41 0.97

CxNxS

e R P FRIRTES % M1 %/K - R 225 83 . FIA Note: * Significant difference at 0.05 level; ** Significant difference
at 0.01 level. DAmount of dry matter translocated from vegetative organs; @Amount of dry matter assimilated and transferred into
grain after anthesis; @Contribution of dry matter accumulation and translocation in vegetative organs before anthesis to grain yield;

@Contribution of the dry matter assimilated and transferred into grain after anthesis to grain yield. The same below

http: //pedologica. issas. ac. cn



1482 + e 2 Eibd 53 &

R3 FRAEMNEFERTURREENEFRFZE TURBSEERIZIT

Table 3 Effects of different treatments on dry matter accumulation and dry matter redistribution from vegetative organs to grains after

anthesis in wheat

BIENE R =[] L
Year  Culiivars  Treatments | PPCRBRT ARPRAL LA T b
(kghm™) (kg hm™)

(%) (%)
2009—2010  HHA19 NOSO 2732¢ 4 343¢ 38.6h 61.4c
Yannong 19 NOS60 2 835h 5795a 32.9d 67.2a
N240S0 3052a 5757a 34.7¢ 65.4b

N240S60 3019a 4 417b 40.6a 59.4d
BAR6Y NOSO 2097d 5708c 26.9a 73.1c
Wennong 6 NO0S60 2 209¢ 6 666b 24.9h 75.1b
N240S0 2431a 6 875ab 26.1a 73.9¢
N240S60 2332b 7 460a 23.8¢ 76.2a
2010—2011 JHA19 NOSO 3 569a 5 154e 40.9a 59.1e
Yannong 19 N0S20 3 683a 5714c 39.2b 60.8d
NO0S40 3659 5953h 38.1b 61.9d

NO0S60 3 658a 5902b 38.3b 61.7d
N120S0 3287b 5 839hc 36.0cd 64.0c

N120S20 3299b 6 252a 34.6ef 65.5ab
N120S40 3262b 6 310a 34.1f 65.9a

N120S60 3253b 5 889b 34.9def 64.4bc
N240S0 3 028¢ 5371d 36.0cd 64.0c

N240820 3097c 5 858b 34.6ef 65.4ab
N240S40 2 987cd 5329d 35.9¢de 64.1c
N240S60 2 877d 4.992f 36.6¢ 63.4c

6 NOSO 2 483b 6 044g 29.1be 70.9de

Wennong 6 N0S20 2 484b 6 704e 27.0d 73.0abc

N0S40 2 424bc 6 985cd 25.8e 74.2a

NO0S60 2 445hc 7 132be 25.5¢ 74. 5a

N120S0 2897a 5747h 33.5a 66. 5e

N120820 2 906a 6 835de 29.8b 70.2d

N120S40 2 878a 7 261ab 28.4¢ 71.6¢d

N120S60 2 966a 7 412a 28.6¢ 71.4cd

N240S0 2 408be 6 323f 27.6d 72.4bc

N240820 2 413be 7 010be 25.6e 74.4a

N240840 2 483b 7 000be 25.1e 73.8ab

N240S60 2 447bc 7 049bc 25.8e 74.2a

W BUEE R TR RN AR AL BRI 2% 57 355% . % K. T [E Note: Values followed by different letters are significantly

different at 5% level between treatments. The same below
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2.6 FRFESARMNAYE

i, WAERERE, MM, AR, WER.
At x AEREAE. M xR EE. AR xWEL
PR Bl x AR x TR BAEX MR AR R
WAWEERYER, SR R, B x ZAER
PE. i x MEREAE. AR < ELAE. B x &
B x B R HAEXT /N AR AT 3 o B R
TER .. RS, Wer ™ it A R F HECE B3 5
FY19,

ASTE A BRE] FL &S, 2009—20104E, Y1947 4:
PRI IN240S0,. NOS60 > NOSO > N240S60;
FERR M A E R R L B AN240S0, NOS60 >
N240S60 > NOSO; W6/ =& Ak fk i 35 & R
Z R FI AN240S60 > N240S0, N0OS60 > N0SO,
[ — it &K, At o it A A B ) 2R3 R R
PR T AMBTAL B ;Y 1976 57 40 BE A4 U8 4 7 ) H
AR T AEARANFE, 70 W 6 A7 Ab B A4 2 AR 4 2 F)
FH 5 A it At Ak B ) G B 22 5

2010—20114F, Y19/NEFENOKFT, ¥k
7 i I it A G 5 T #, {HS605 84040 3
B JC S 35 25 5, AR b 0 R0 2% R R i it A it 1Y)

BTN, ER 803 D0 i it e 1 1 22 5
TGRS, LLS204b Bl & ZEN120FIN2407K
R, Rk R AR IR A R R R R T
JE FERaH, i LLS40FIS2040 Py, AU E H A
BA 3R RN A 27 1) 252 357 I it s 2 24 i 52 BRI
W [ —EAKTET, Wolttkih FiAZHE &
Wi it e 15 I T B I, G 2R ) P Ak ) o i s
(3G AT B . ZENOFINT20/KF T, Fifi it A% 5 434
fn, WekFR & ST E T, (HS605S4040 3]
Toi E 25 7EN240/KFE TR, S60, S40F1S2040FH
R RL™ i T 25 5, ¥ S TS0, We
FIE A 24 F) R AEN 120K F T 26 B A A it i Ab
BT RA AR, A MimAL R e E RS, &
N240 7K D) & 30 A A it A A 382 o5 il i Ach 3L
H AR AL B T 2R, B —E AR
T i A R We BB AR A A H R A i, miAE
B HERUKE T i 2l i 5 BOW 6 BAL AR 24 F) FH %
FEAR

R R LB AENOMIN120 /K Tt #7540
kg hm A2 HEY 19 FIW 6 /)N 22 i Xof 40 26 114 W e
MR, #E kPR &, EN2407KF it i & 68

R4 FRLEMNEFERAZREFBBEXEREBHFTESHT (FE)

Table 4 Variance analysis of effects of treatments on grain yield and related traits of nitrogen absorption and utilization in wheat ( F value )

Fe kL bR R R R

Ay AR R Rk )i e
Year Source of variation Grain yield Nitrogen accumulation amount of Nitrogen use efficiency
aboveground plant
2009—2010 fhFl Cultivars (C) 42.25" 142.2" 75.40"
A% Nitrogen (N) 0.28 280.3" 97.02™
& Sulfur (S) 10.18" 5089 53.06"
fnFl x B E Cx N 16.66" 41.817 4.81
X B C xS 144.9" 176.5" 0.52
RExTENXS 328.4" 5197 13717
At x AE x mE 258.0" 2280 0.15
CxNxS
2010—2011 Ea AP Cultivars (C) 9523" 243.8" 11464™
& & Nitrogen (N) 280.7" 37.16” 77.27"
T ZE Sulfur (S) 64.47" 272.2" 148.9”
il x BE Cx N 289.1" 7.94" 10.23”
mA x BiE Cx S 19.39" 35.61" 15.13"
HEXHENxS 18.90” 20.56" 2.66"
AT x E R x R 9.27" 21.937 5.42"

CxNxS
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RS ARLEINEFFREMAEZF BRI

Table 5 Effects of treatments on grain yield and nitrogen use efficiency in wheat

MR A E R A ) R %
Ay b LS FPRL i Nitrogen accumulation RARIE N agronomic
Grain yield Nitrogen use efficiency
Year Cultivars Treatments amount of aboveground plant efficiency
(kghm™) . (kgkg™") B
(kg hm™) (kgkg™)
2009—2010 JRA19 NOSO 7 623b 214.3¢ 35.6a —
Yannong 19 NOS60 7971a 268.7a 29.7h —
N240S0 7 989a 263.1a 30.4b 1.53a
N240S60 7 083c 244.21 29.0b ~3.70b
A6 NOSO 8 403h 180.2¢ 46.6a —
Wennong 6 NOS60 8 603a 213.6b 40.3b —
N240S0 8 642a 215.3h 40.2b 1.13a
N240S60 8 766a 233.8a 37.5¢ 0.68a
20102011 48419 NOSO 7722 217.9¢ 35.4he —
Yannong 19 N0S20 8 897cd 238.4f 37.3a —
N0S40 9 161abe 267.0de 34.3cd —
N0S60 9 048bed 280.1be 32.3¢ —
N120S0 8 7264 232.7f 37.5a 8.36a
N120820 9 351ab 259.6¢ 36.0ab 3.78b
N120840 9472a 296.2a 32.00f 2.60c
N120860 8 862¢d 273.3cd 32.4e ~1.55¢
N240S0 7 899¢ 239.6f 33.0de 0.73d
N240820 8 754d 287.9ab 30.4fg ~0.59%
N240840 7816 264.2de 29.6g ~5.60f
N240S60 7 169f 242.8f 29.5¢ ~7.83g
B 6 NOSO 8 627 174.7¢ 49.4a —
Wennong 6 N0S20 9 187f 192.0e 47.8b —
N0S40 9 409def 213.1d 44.2d —
NOS60 9 577cd 231.9h 413 —
N120S0 8 644g 182.6f 47.3b 0.15d
N120820 9 740be 207.9d 46.8be 4.61a
N120840 9 839ah 223.5¢ 44.0d 3.59ab
N120S60 10 078a 243.7a 413 4.18a
N240S0 9 3300f 193.9¢ 48.1ab 2.52bhe
N240820 9 523cde 208.7d 45.6¢d 1.40¢d
N240840 9 584cd 232.1b 413 0.73d
N240S60 9 597¢d 248.4a 38.6f 0.08d
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1420 kg hm >R IE 25 FY19/NE AR = i | MRk b b
AR R . AR AR AR =R R
e, PMRHWe/NERRME, [HWe/NEFHi™
AN RN, A E AR MR AR R
KM, L8800, YIORW6/NE 435 LIN120S20
FIN120S404L HALAL , W] ARAT 3 i 7 1k LR 2 1
R

3 i %

B U NE BB AE A A T LR N 2 K S 1 Th
R FSODIE M, W /DMDAK A RL, 8 2% i it
LREWEAR, MR 00 fEdE AR A
T AR R AR N e R S, gt
FraEd P (ARSI s AR, AR
i HEZ (>375 kg hm™ ) SRBUNEAT G
FrSODIGPEMGE T [, MDAS &R EHLE Ik, ot
ROCAIRE AR, . AR g Rt —4
TERA 3 it P IR s A A 354 ) T RE R /N AL S
T, (B 2Rt /N ot s ASEZINGE SR
T P ) 5 S AR 0 2 v S A it P - P i 2 AN [
TENE A 120F1240 kg hm AT, o & Bt
20 kg hm>XFW6/NZ2 eSO DI M AT i 1 26 (1
M IE R E AR, Y19/NE -4
L BE 77 ) i 3 A

INFETFFAE TG WG T2 24 o5 R = 5 1 75% LA
B R, EER T AR S B i OGS RE A
BRI, RS NARGER . BT
s Y BRI, 7E0 ~ 180 kg hm i A,
Wil it 220 S 0, /N R S R S L Ok
B HCR AR SL S S B E N, 75240 kg hm it
ROKF T AR IL , /N 22 O 3 4 4T) e R it
B RS I B R s (HAE330 kg hm L RUKFE T
T B ) S BOG A B R 10 . AR R B, 7E
TSR N38.9~42.1 mg kg 'HISMET,
B fef i & B 5 R AEO ~ 240 kg hm VG EIN, 7EAH
i B KR, AR SR TT AR 5 Ok G i R
Xof it L et /N S I A AR AR 25 5 o AN it N 5 it
N 120 kg hmAf, JEffi40 kg hm %Y 19FIW6H /)N
F AR, dRLERON AT i 260 kg hm™, W
INZE SRR A S RN AR SR R, AR
RKF (N240) F, s 8120 kg hm Ay 4b B
TIOR3 TR M T — 25 0 W6 /N 22 I Ol £ SR (0 4R

Hl, FE#60 kg hm [ AL BEI) & AR T Y19/ %
HEM A TR RE T o R AR5 45 SR U0 B /N 22 38 B A0
it A £ I AR it B R KT (4 S in g m, 7E e A
KT 2t e s 5 24 %

BT ATIFGE & BEAN ] /N2 it FoRF R 7™ Sk o) it A o
WIS R AFAEZE S o AE T IA 300 % B 15.8 mg hm™
BT, MR BT 120 mg hmhf, B E498)
FERL = AT ARSI N, (H T4 22 66 I KA ™ B N T4
L AR O T e e - A SRR A R
43I A99.5 ~ 112.8 mg kg 'f138.9 ~42.1 mg kg™,
27t A 0120 kg hm I, 7E0 ~ 40 kg hm i
Bl P i T ) U R R Y LORIW 6 1 /)N 2 i ks
W, ARSI R, WeRPRLT RN IS I, i
Y LOFFRE = ik SRR AR s 240t 20 i 4240 kg hm™
W, A 20 kg hm™, WOKFRL™ A F- 1
T, Y VO Ar 7= ek DU it A 2 79 358 00n 77 AR A0 o 3 B
LA A /N 22 b AR ORITGE UK P e R
TN BB E . Salvagiotti®s P RFSTIA
Shy it A T LA T Ao B /I A 0 A o A v R A Ak
K, MNARBLERE, WA ZFHMEREST
Y19, HARAE R — it ZK P T F— i il 2 v B
R A AR VEY 1O MW 6 W /N 22 i b X L
I ORI R SR, R /N 22 D 3R R R AR
F I Ay W it B T R AR R R, HA Y19/
TENOKF FHiATE20 kg hm A8 Ab B HEAS Jit 7 Ak 3 55
PR AR AR, I EARIRR AT
S8 oot R T R v 1 R B N T AR A
PR bR R AR E IR, NAE R R A
EWELW I, AN, YI9HW6 R b Fh & AT |
B A B S b RNy, R IR 1 i R 7
B ARG K T AR B e R R B, M
SR ZE R FH 5038 AR KRG A o o Xt s R0 R A 1 3 1
W,

4 4

12 il FH SIS R A ) T 38 S /N 22 A8 R T
W, REOLH RMLE S KAL) R TP Bt AKF
KA X AFRL G DTk, S IRFR ™ e, (HAN RN
AT U D = LN ;1 3 == ) A N T I 0 S S E
R R ) i B E B B R 25 K P TS A B Y
Jefr AR A= R B, M R RCRA R Y i
Folv %) i R ven B A W PR 2, IR R
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Interactive Effects of Nitrogen and Sulfur on Flag Leaf Senescence, Yield and
Nitrogen Use Efficiency of Winter Wheat

WANG Li

WANG Dong' ZHOU Jie

HAN Kun

( College of Agronomy, Shandong Agricultural University/ State Key Laboratory of Crop Biology, Tai’an, Shandong 271018, China )

Abstract

KObjective] Nitrogen (N) and sulfur (S) are nuirient elements essential to winter wheat

in growth and development. The purpose of this article was to determine the effects of nitrogen and sulfur and

their interaction on flag leaf senescence, photosynthetic rate after anthesis, accumulation and distribution of
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dry matter, grain yield and nitrogen use efficiency ( NUE ) of winter wheat. [Method] A field experiment,
designed to have two cultivars ( Yannong 19 and Wennong 6 ) of wheat, three levels of N application rate,
that is 0 (NO) , 120 ( N120) and 240 kg N hm™2 ( N240) and four levels of S application rate, that is 0
(S0), 20 (S20) , 40 (S40) and 60 kg S hm™ (S60) , was carried out. [Result] Results show that
Wennong 6 was higher than Yannong 19 in all the four following indices, that is, superoxide dismutase
(SOD ) activity in flag leaf, photosynthetic rate ( Pn) in flag leaf, yield, and NUE. Application of an
appropriate rate of S in addition to the application of a certain amount of nitrogen significantly increased
the activity of SOD, the concentration of soluble protein, Pn and dry matter accumulation in flag leaf after
anthesis, and hence nitrogen accumulation in the shoot and grain yield in both cultivars of wheat. In the plots
applied with 120 kg hm™ of N and over 40 kg hm™ of S or with 240 kg hm™ of N and over 20 kg hm™ of S,
nitrogen accumulation in the shoot kept on rising, but no more positive effects on antioxidant ability and
photosynthetic assimilation capacity of the flag leaf and grain yield were observed in Wennong 6, while SOD
activity, soluble protein concentration and Pn in the flag leaf, nitrogen accumulation in the shoot and grain
yield all declined in Yannongl9. [Conclusion] In the plots the same in N application rate, NUE of the two
cultivars generally decreased with increasing sulfur rate. In the plots where soil available sulfur in the 0 ~ 20
em soil layer was in the range of 38.9 ~42.1 mg kg™', application of an appropriate amount of N and S could
delay senescence of the flag leaves was delayed, thus increasing photosynthetic assimilation capacity of the
flag leaf and grain yield in both wheat varieties, but the two varieties differed in response to application
of relatively high rates of N and S. The one, higher in NUE, still performed quite well in photosynthetic
assimilation and yield, while the one, lower in NUE, was not so good in adaptability to a high application
rate of N or S and tended to start senescence earlier at the late stage, thus affecting its yield and NUE.

Key words Wheat; Interactive effects of nitrogen and sulfur; Superoxide dismutase; Dry matter;

Grain yield; Nitrogen use efficiency
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