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Abstract; In this present investigation, the effects of nitrogen fertilizer rate and post-anthesis soil water content ( SWC) on
photosynthetic characteristics and yield of wheat was tested under proof-rainfall pool culture condition. The results showed
that soil and plant analyzer development ( SPAD) value, photosynthesis rate, PSII potential activity ( Fo/Fo) and PS I
photochemical efficiency ( Fv/Fm) were increased with the increase in nitrogen fertilizer rate under the same SWC.
Moreover, increased nitrogen fertilization benefited the increase of spike numbers per hectare. However, over high (300kg/
hm®) or over shortage (150kg/hm’) nitrogen fertilization was unfavorable to the increase of kemnel number per spike and
1000-grain weight (TGW) , and in tum it could lead to yield decrease. Under the same nitrogen fertilizer rate with SWC
(60% — 70% ) after anthesis, SPAD value, photosynthesis rate, Fv/Fo and Fv/Fm showed the highest, whereas the
treatment of SWC (40% —50% ) was the lowest and the treatment of SWC (80% —90% ) was in the middle, meanwhile
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over high SWC (80%—90% ) or over low SWC (40%—50% ) after anthesis could cause the decrease of kernel number
per spike, TGW and final yield under the same nitrogen fertilizer rate. It can be concluded that both high and low SWCs
after anthesis can cause a decline in photosynthetic characteristics in wheat flag leaves, whereas proper nitrogen fertilization

can improve photosynthetic characteristics in flag leaves, increase kernel weight and promote yield in wheat.

Key Words: wheat ( Triticum aestivum L. ) ; nitrogen fertilizer rate; soil water content; photosynthetic characteristics;
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HEALT/DEZEFTHETROW, LHREIHG HZ T2 T HRXEFE AT E R A0, X R =6 25/
FAEFR BN RS . T RNE RN E B, PR R TR 41% ~43% ,jge
Kot R EA ER TREEE RS, TSI A Bt & 7= Y FPRL I STk 35 80% , 7™ 22 HIE
RAE™ o B BRI B R AR, R R A T R A A F R AL xR e
AR, RERRBNE L& R RREEHER. KaMRERNEETFHRABEFRR, UEHRE
EREPENERRRYN S E. R, MEAERKETATEEREKELZEFRXEEANGR, HXRE
HEETERERELZ . CEFSMRERN TREZHE TR/ EHPLIE, Kook o e Mt &
GBI/ A 6 AR B IR RS BRTHGE " " o DAREBRITIA A [R5 8K P it 2 B S ¢
INE BRI &/ NE R IR R X IR S TR AR FERE A B BRI G% &
RGBT BRI B AR E RRA/DET’E MR, BRA AR LIRS R TERENE
JE/NEIEM G B RHER T B MBI KA BEA . L, RRBAETRMRA T, EAPR T A EM
) HESKEN/PZE LS R &KW, B EFRIHNEZRER N EE LRI KEXIER
&, /NG P oa B R K TR I R SR R A

1 #RERE
1.1 BBt

BRI T 2004 ~2006 FEFA/PNEAEREN ,FEHF SR KRB RMRAG T H#7, KIS 2m x2m,
B 1.5m, A, /NESET B K, EiEE+E 0 ~20cm HIEAYLE 1. 12% , KA 84. 54mg/kg, BEAHE
32.40mg/kg, FA4EH 80. 10mg/kg, 1 1HATE 1.34g/em’ , HIEH A B KEAE 25%

R ATES R, 150,225 .300kg 3 MEH, BN FIEAEI R B /N LG LIS K& HIR &
KEKER 40% ~50% 60% ~70% 80% ~90% 3 ~Ab3E, 31t 9 AM4b3, FEHLHES , R 3 K,

INE TR AALEAR S HE R B9 L BB X &K B (65% ) , AFFAEBIFF IR BE1T /K AL 3L, B % 5d & 1m
WA EKE TR R B S ER IR R EN EKE

B BIHR A WA HUIE 45000kg P, 05225kg K, 0 112. Skg BRFREE 15kg  HiR) 15kg, 3[R 50% RACH
MM REFFTHT , R 50% WEET RS A EKEITBE, A5 5 UL RR 5 &/ (Triticum
aestivum L. ) Jr 2 20, ZAH O 180 Jikk/hm’ , HAVE TG i [F — Mt o = K HL
1.2 WEBEShE

TIEEKERAEE 503DR FReBIH FK ML, FaF 45 A TR HTIE, WSS 2N ER
H Zr2M-4¢ &1 ( Minolta SPAD-502) | & .

oA M ERAEE LI-COR AR 4= LI-6400 B FHEEX SN ERK, BB HHRET LS
9.:00 ~ 11:00 ¥Ef7, M5 2K% 2cm x3cm,

M4k R K It E Hansatech 2 H] A2 7= 1) FMS2 #1258 6 & (U € , 5 6-& V8 I € [F) 25 4647 H 8]
EERNE . WEHRAERK—SHEHZH MAHRIEN 10 5, b EN T M SERASHEE R (Fn) 9]
BN (Fo) LIREF=E(PPSI) FRAKM(Fs) JEREBTERKNE(Fm') PSTEM:(Fuv/Fo) \PSTI
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BICRBFHBER(Fo/Fm) DU FER KRR (gP) AR K R (gN) . AFFEENEM I, %
M7 R S22 06—3, A&, B RR S XA [ ALBE I B2 e TR B N 20 min, I SE BE TE N T 4R R
KB (Fo Fm Fv Fo/Fm Fo/Fo) , Jep P53 72 i RN Y663 4 6000 pumol -m s ', kbt
B4 0. 78, ZACFENMHALIE 3 5K A, BOFSSEIE AL A SR DRI B (E.

PR ERA/NEBBYE , BN M R TR E, AT B8N DR &, TERE AW
i
1.3 HRabErk

SEBHIRRA 3 MU EEERFHE £ P2 (mean +S. D. , standard deviation) , B SPSS(10. 0) 3474
AP, A ¢ KB AT A AL A [R) 1 S 2 M 22 SF T o
2 HREWm
2.1 MEREMIERE K& EXN/NEET SR & EAGL SRR

B3R 1 #15% 2 WTLUE W, B R/ I M4 K 5 B (SPAD {B) Ft-A 1R ZR B8 B R IR 3 2 28 T
e, EERELHET , HRINEE HEEKE 60% ~70% AL EHEM SPAD (DL A R & ,40%
~50% LB A% ,80% ~90% ALBEfE , 25+ 41 B (P < 0.05) RKHALE 1 3E S /K2 m el (R T Uk
SRR S B AR, 7EAEMFELESKET M SPAD RS R BRI NFEE EE &K
hni A, T HAC AR T BEKE(P < 0.05) R R T AR L BB SR EM R S8t
AHEAE,

#1 BEAEMEZELREKEX/NEEH SPAD ETHHFNE
Table 1 Effects of nitrogen fertilizer rate and post-anthesis soil water content on SPAD value of wheat flag leaves

Kb Treatment FFAEJ5 R ¥ Days after anthesis(d)
ik HkE
Nitrogen fertilizer rate Soil water content 0 7 14 21 28 35
(kg/hm®) (%)

150 40 ~50 58.24c 49.27¢ 41.10b 33.47¢ 16.50c 7.03¢
60 ~70 58.70b 56.83a 51.10a 45.40ab 38.37a 18.90a
80 ~90 57.96¢ 50.93b 47.83b 40.40bc 29.43bc 14. 40bc

225 40 ~50 62.41ab 53.13a 46.47bc 36.03¢ 21.83¢ 10.97¢
60 ~70 62.03b 60.20bc 56.47a 55.33a 46.97a 24.67a
80 ~90 62.30c 59.30a 54.27b 49.80ab 32.77ab 19.07b

300 40 ~50 63.27a 56.93ab 49.43b 41.39¢ 25.50¢ 13.80c
60 ~70 63.13a 61.50ab 57.27a 55.97ab 47.13a 27.27a

BAEGARIFRRERES% K FELEREE ;TR Values followed by a different letter are significantly different at the 0. 05 probability level ; the

same below

£2 HABMEELRE AR NEMEH R EEEFT LB (umolCOym s ")

Table 2 Effects of nitrogen fertilizer rate and post-anthesis soil water content on photosynthetic rate in wheat flag leaves

Kb Treatment FFAEJ5 R ¥ Days after anthesis(d)
AR HKE
Nitrogen fertilizer rate Soil water content 0 7 14 21 28 35
(kg/hm”) (%)
150 40 ~50 20.1x2.1 16.8+1.3 14.210.8 8.9x1.0 3.6 £0.4 1.0£0.1
60 ~70 20.0x2.5 18.7+1.0 17.0x0.5 12.2+0.3 5.6 £0.6 2.3+0.5
80 ~90 20.1x1.6 18.0x1.4 16.2x0.7 11.0x£0.9 4.40.3 1.9£0.2
225 40 ~50 21.9x1.1 19.1x1.3 15.4x20.4 9.2x0.6 4.20.7 1.2+0.4
60 ~70 22.0+0.9 20.7x1.1 19.0x0.4 15.7x1.1 8.7x1.0 2.9x0.6
80 ~90 22.1x1.3 19.8+1.8 18.1x0.3 12.5+0.8 5.6 £0.3 2.2+0.3
300 40 ~50 23.0+0.5 20.1+0.7 16.7x0.5 10.2x0.1 4.9+0.8 1.4 £0.2
60 ~70 23.0x1.2 22.7+1.0 20.2x1.1 16.1x0.7 9.7 £0.5 3.2+0.5
80 ~90 22.7+0.8 21.6+0.9 19.2x1.5 13.6+0.2 6.0x1.0 2.8+0.3

AR 3 I ERSE1/E All data are the means of three independent measurements; T [F] the same below
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2.2 MEREFMIERE TEEKEN/DEEM MR RIOCRHE: BRI

FEVOCFET B I NE + , AR (Fo) SE SR IE(Fo) B AR (Fo/Fo) ARG RE T (PST) B9
T, W AT AR5 (Fo) SBRRHA (Fm) B HAE (Fo/Fm) REBOSEREGE T (PS ) BAERER IR BOLL A3
R, HR3 TLFL ,/NEEM Fo/Fo NIFELUG BB BFRER ESE . 7EMFE 1B EKET, Fo/Fo BEIGEA
BT R, EFR—ERE T, WRI LR LESKE 60% ~70% LLBEIEM Fo/Fo £ ,40% ~50%
ALFRERAR ,80% ~90% ALHE

HE 4 LA, ER—HREKET , Po/Fr (ERIONER BN TSR, R —HRE T, Fo/Fm
EXHRI G LIEEKE 60% ~70% HALEE R ,40% ~50% LB ,80% ~90% AbHEH

£3 HEAEMEZETESKEXNEEM F,/F, B0

Table 3 Effects of nitrogen fertilizer rate and post-anthesis soil water content on F,/F, in wheat flag leaves

K38 Treatment FFAEJ5 R ¥ Days after anthesis(d)
ik HAE
Nitrogen fertilizer rate Soil water content 0 7 14 21 28 35
(kg/hm®) (%)
150 40 ~50 5.32¢ 5.00 ¢ 4.69 ¢ 4.41 ¢ 3.68 ¢ 2.53 ¢
60 ~70 5.31c 5.16 be 4.86 be 4.60 be 3.80b 2.56 ¢
80 ~90 5.31c 5.10 be 4.80 be 4.47 be 3.72 be 2.54 ¢
225 40 ~50 5.42b 5.14 ¢ 4.85 be 4.60 b 3.77b 2.60 be
60 ~70 5.42b 5.28 ab 4.99b 4.71 ab 3.85b 2.69 b
80 ~90 5.44b 5.22b 4.93b 4.68 b 3.80 ab 2.64 ab
300 40 ~50 5.55ab 5.28 ab 5.00 ab 4.70 ab 3.82 ab 2.70 b
60 ~70 5.59a 5.46 a 5.18 a 4.81 a 3.89 a 2.75 a
80 ~90 5.56a 5.37b 5.10 ab 4.77 a 3.86 b 2.71b

F4 HBAEBMEZETREKEXNNEEM F,/F, B%0

Table 4 Effects of nitrogen fertilizer rate and post-anthesis soil water content on F,/F, in wheat flag leaves

Kb Treatment FFAE 5 R¥L Days after anthesis(d)
MR R HKE
Nitrogen fertilizer rate Soil water content 0 7 14 21 28 35
(kg/hm®) (%)
150 40 ~50 0.842£0.005 0.833+0.002 0.824 £0.001 0.815+0.006 0.786+0.003 0.717 £0.003
60 ~70 0.841 £0.001 0.838 +£0.007 0.829x0.007 0.822+0.002 0.791+0.009 0.719 +0. 006
80 ~90 0.841 £0.002 0.836+0.009 0.828 +0.005 0.817+0.002 0.788+0.001 0.718 +0.002
225 40 ~50 0.844 £0.006 0.837+0.011 0.829x0.002 0.821+0.005 0.790+0.003 0.722+0.001
60 ~70 0.844 £0.003 0.841+0.004 0.833+0.006 0.825+0.003 0.794+0.001 0.729 +0.013
80 ~90 0.84510.012 0.839+0.001 0.831x0.001 0.824+0.008 0.791+0.004 0.725+0.009
300 40 ~50 0.847 £0.005 0.841+0.003 0.833+0.008 0.825+0.004 0.793+0.003 0.729 +0.006
60 ~70 0.848 £0.002 0.845+0.010 0.838+0.003 0.828+0.011 0.796 +0.005  0.733 +0.002
80 ~90 0.848 £0.008 0.843+0.004 0.836+0.003 0.827+0.007 0.794 £0.002 0.731 +0.010

2.3 MGREMIERE RS KEN/NE B RHABE R R

NEFEERZBARATRENER. B3RS TLUEH, 7 3 MEKFT, £K A2 E/NE iR
PERARE, FENKFT, HRIANLE LIEEKE 60% ~70% 4B H R EON TR E&HH,40% ~
50% AL BB, 80% ~90% AL E b , R /G + 3 &K B3 W Bl K3 S BRAE0R A, TRERR, &4
7= B

[F— A K B, BRI R I YA M B A I TR 0, BE SR 225kg/ hm” B AL BRE R BUR £ ,300kg/
hm’ AL FERERIHOK 2 , 150ke/hm” (Y AbB BRI HOR Do 73 AN LES KRBT, AR TRENZHA—
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B HJE LK (40% ~50% ) ,225kg/hm’ AEFH TR B F , 150kg/ hm” AL LR 2, 300kg/ hun” () 41 FE B
18 7E AR R R 60% ~70% F180% ~90% HIALHL T ,225ke/hm” 438 ) -6 B 5% 759 , 300kg/ hm” F AL B
Z,150kg/hm” IS BRER AR, 7E 3 A LEEEKE T PR B3I K 225ke/ hm’ A0 FRF i , 300kg/hm” 4L FK
2Z,150kg/hm’ AhBEBAR . FHIREIMMGERE A A T2 R, Hd £ 80 D R A R F R Fo TR E
R, T H™

£5 BAEBMEZETREKEINETBREMBEERNRMN

Table 5 Effects of nitrogen fertilizer rate and post-anthesis soil water content on wheat yield and its component factors

43 Treatment ' B TR ThE P: g
HEE akE Spike numbers Kernels per spike 1000-grain weight Yield
Nitrogen fertilizer rate (kg/hm?)  Soil water content (% ) ( x10*/hm?) (e) (kg/hm*)
150 40 ~50 649.2¢ 31.79i 33.90h 5979.5i1
60 ~70 645.5¢ 37.85¢ 37.98¢ 7624.4d
80 ~90 647.3c 35.72f 36.09f 6691.5¢g
225 40 ~50 663.3b 33.71g 34.62g 6920.4f
60 ~70 666.9b 39.01a 40.95a 8643.2a
80 ~90 665.6b 37.11d 37.39d 7857.8¢c
300 40 ~50 680.3a 32.00h 32.89g 6146.3h
60 ~70 682.5a 38.35b 38.00b 8215.2b
80 ~90 681.6a 36.95¢ 36.17e 7439. 1e

3 Wig54&ie

/NERPRE B EBERIRT B S YRAE, TS P 2 0BT A IR Db aERA G
BIEZRERN . ARFTRRK G HRER/DEEFHRABEARR . AXRKPEX M SRS %S
RSB R — RS . BHE ST TR TARE/NE S ME T PR R IOk sh ) ¥
S8, AREV TR T E RSO & (Fo) TR, /NEEMERE T (PST) BBEFEN 4 (Fo/Fo) MR
FeREFEHAR (Fo/ Fm) BIREAR (B IR GFb /K48 B SUBEA 22570 FRB 80 H sk B s =9, K 43
BT R RIS, B A, BEDE AR, AERSE " AR RAELSTHREHT D
EEMLEERNM S RSB TR, HMERIOUS H¥ES% Fo B, Fo/Fm ®PSI BT &, UM
BUKBE T /DM ROt SRR, b A ThREII% 8, AT IR R, RBUNE T YRR EEN B E
% TH.

MHERXTEEM AL SURNERRE — B2 D ERERM FEOEEEE . BEEHERKFR
/NS R R T Y B A 2 ST 75 ERA RS R R R T I e A R R 4
ZHERSMRERATRR TR . ARRBI TG, PR R R R TE ERK A
BHEEEHRIEA B TG /hEM A § SPAD, JEK T bR ThReRr S 3 (T HEAE RGP R FF i i, B
ZRE T BRI, Mo, ERERGI B A B RNHSRTOCSHIATER 5 HS B EIHEX,

Mg & V] B2 B2 /N T Fo/Fm OPSIT™™ 38 s RUIE 7T DA B OB A M AR, B IR A 7= B
FU ERE YOMR NG RS SISO, BeE T /N PS A9 TE M (Fo/Fo) b5
REFZE(Fo/Fm) e R K R (gP) ERRE TR (OPST) BObAE %R, MR TR AT IE S
RERFERL, A AT M A RIS ERER T /A TR SR, R T APRIE R e R iR A AR B RO FERL, I T
AR E AR, RTIEET 8 E RN TR E, RE R, SRS NE
MR FA AT REEAS R MR R 58PS T ELETE k& PS T LALA B R, I 48 b & 3 A=
B, BASARBE ZH SRR R A WS E , MK RRRRENT B R. Al
SIREW M RIE SR RIFEEN TEEKE AT RE/DZAETRIEY PS T EER Mt
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