201444 A Z?ﬂ[im‘ *ﬂﬁi’iﬂi 5545 % 55 4

doi:10.6041/j. issn. 1000-1298.2014. 04. 042

INEM R RESE GRS

HRJE E @ oEL FKED E R
(L. PEACAHRY A A% B | BRI 0 7121005 2. DA MBS % 2 B2 2 B, BRI 6 712100,
3. VAL RARBIBOR AR 2 B, BRI 712100)

T AL T /N MR SRS G T AR R A M D 2 T R RR T | K R DL R K R AR S
JE IR B PR, R ST 2 ) R 0, T, S T4 3 o B S K R AR N B R 2 T, Bt TR I R O
T 253 3 55 T /S 5 B I R R T, T, st B e B K R R T s BRI e L B g R 4 e /) 2
AME o HTBEETIL AN BB T, R R L S SRR B IEASE SRR W3 T, s B A5 AR BE PR A E fe
ARG A8 T, SRR, 0T T R i T, s 380 R IL AR T AR LU T, I BUSAR 5 J5 i AR TR /N 22 o e 32

ERB TR
KEEW: NEH EE OBHwLIR T,
FESHES: S121 XEkFRIZED: A

51

INFETE I R R D) RE X KPR i LA
HEE L, R/NEF L Z W E R R
RS ERT/NE M R A Tl o
R L LA B 2 R 90 4 O i R R L
PR 5k 32 WL 2 1) 3 L IRk 32 52 ), 5 4 ) 32 KB
R Sy A AR S, HL I 3 e FLA g o I i AR A
RS R S0 DA H S %, l F - S0k 4 7K 4 2
BURZS o Hean kg Wy M e 09 B mE L 4R T, st 4 R
(NMR T, Relaxivity ) 5 & 7K 3 7K 5353 A 25 1§ 16 P
DL BOK S SOIAOET , 5 HAH AR A H, B 3
P B A LA A D P e A I 7 X 22 RE oA AN A 4 ik
SR

Moth 2 4R T, 5 RO 4 T, gb % n
(T, relaxation time ) N E: Xt i 19 18 & ( Amplitude,
A HHR T, 5l P E] SR T K gy 1 R Bl g cE R,
5K B AR IX R /N2 1 K s P & LA AR
WIS K R A DR A 5, R kR
R It R 1) 3 2 o AR A 4 I S 3% 1) R e 0 I S (K
PN R 8 AR A, IV 200 45 1) B A, T A M PR e
AEET L % R AE MR T, SR b G R B AT
REF A5 A J7 T8 = — 77 T, 20 M I KR S BT, s B
T E A FRAIG 5 53— T, JBE AR AR 1 R I 200 i 4 Y

il

Wk HE1: 2013 -05—15 &[0 H#: 2013 -07 - 23
« [ H AR SR SRR B E (31201122)

AR AR
X EHS: 1000-1298(2014)04-0264-07

5 G A K 4 N TR o= G P LN e
A Al o (ER T, ot TR I 1) 4 e A A ol A8 Al 4T3 4R R
Hlo T3HN W R 3 2 25 Hetdu s IR Dy st T R A AR
SR IR AL S e AE G FE AR AR 1 . 5 R At AR
T, st T3 3 gk BT G 0 DX AR 5 K O ) B 3 ik
AL 45 oK o A B0 A o A SOR IR G S IR T,
5t T A R A IR B AR B AR S ST /N F R B %
G SR T PRSI R BT, WF TS/ e 35 K R S R
B S IR T, B 19 6 R, A B AL
W REIE AR T, 5t 35 33 A A6 IR 1R B AR B it A
BB BNE

1 #REFE

1.1 XLWigit

Ve Ak /NEE SRRk 229 S SIS AT RL . SEIR AF
BRI AE T PG A AR 4 R 2 AR AR i B ity i A v
INFE BRI JE IR PN A P () A R e R
DA F7 DX R VR SRR T o SEER A R BB L
XA, B RME 3 NEE B /NX S 47,47
£ 1.4 m,478E 0.23 m,#kBE 0.03 m, 2011 4 10 A
LAY, — PR R RIE AT R, TIRAES A
93 VB A% i H i FD A 2= A
1.2 BHiIEE

W 4R R o3 A RGEAE Bl Al PR

EE B AOCURE, PRIE, B, =2 NS A WAk R AE Y W) 2 FSE , E-mail ;. duguangyuan0511@ 163. com
BINAEE: 3088, B2, WA B0, F MR AL 55 T AE Y5, E-mail: aiguangguo@ yahoo. cn



5 43

FEOGI 25 R R B ERBUIR DT 265

PR ] ) NMI20 Sl FAE T — & mekdt (1),
WA LR AR o3 Hr A Bk AT 2 A A A Pk T, st 7R
T AN AT AT SR AR o AR IR B E N
25°C,"H JARAA N 23. 04 MHz, RF 453k 46 0 15 O
BH Iy W, BRI AL AR 20 mm,

- 5

NEWA2~
Y
X\

I

u u
SRENAY 3 3 EAS REREN Rl
Fig.1 NMR system for wheat in vivo measurement
LA 2 Rk 34038 4 S M
6. KEEMAR T HEBk 8. WEMRLRIRAS 9. /NEAEME 10.THER

O PR IE 7N 22 AR AR T TR AR RS I B ) A0 A B 4
Wl IERGARAE A T AN TR S A4S
S AR T AE SR A6 A T SR PR HLBEES KT A8 B T AR
PN o N A A 00 3T 3 45 ) 3R 48— S A
AR P9 A 8 A2 T D B s ol 4 ) 1 2 08 e %
FRHL, I3 3 R 5 N TR A E . N DA%
R R R LR X IR R LA S O B CR BEE 4 E h
22°C 50% L J% 10 000 Ix,

FH [0 1) /N 22 f A 17 8:00 M MR RS A &
H A% G AR A3 AT S 06 2, o HE R ] 2 0 kAT
REILHRA I 5 K 2R DL R R S R i R
T, A T 4 AT R A R W 1 BBORE AN R A/
MR 12 em KIXKEE, 4 h 4 BEE S
AR, AT R G AR T, R 3 A, AR 5 PR
80°C T4 % 8 o3 it J TH A AH X & K R, K AL AR
T 3t T4 3 A 00 A0 P £ 2 ARG T 1 BBORE 3 1k
— R R R g R SR T, o B A T R B R
Ja WA R R, PRAF T - 40°C AR S R & A,
PAESrHrEAE 3 R,

JINZE AR PR AR RS A BRSO 1.5 mm
BEIE A [ Tk WBEAE N AN S8, DS HE S
(Field of view, FOV) | [E{R 43 B 5 DL K A5 5 58 B AL
o SNSEEW Y MR 10 mmol CuSO, ¥ ¥ Al 2 mmol
CuSO, & o
1.3 i tiREN 7GR

AR T, 5t 4 5 A R F CPMG ik oft 5 471
SR BT AR AR (8] 3 22 18] 4 B (6] 18] f B [l 96 B

[ Ty A 200 s, &4k ob 5 51 42 7% 14 0009~ 180° fik
o EAZ A Tl 10 s, BN AR 4 U, A it
] 4 52 s,

IINFZ AR BLGCR H MSE ik w7 31, A8 7
ZALHE T AU AR AN T, ARG, 3% 2 T 1) A 7K F-
5 18] A A ) Ok e A 2 nf kS L B 3 em
b3 2R FE Ry 3 mm, % AT 58 O 20 kHz, 3
28 x28 mm*,128 12 £ x 128 {8 % 43 W% N 0.22 mm,
T, I AR AL A [l 3 B 8] 2 13,27 ms, 3 4 0[] 24
500 ms, BEHIURECH 2 YK, SAG I B[]y 2. 22 min; T,
INAL A& 1 81 I 1) Ol 50,05 ms, 5 A I ]
5000 ms, BEHYKECHK 2 U, SIS [E] 24 21, 57 min,
1.4 H£EZHEMN

B 7K R DN SR FH B 3%, I 3R AR U R
PR
1.5 HiEAIE

WG LR T, 5t 74 3 R HAN 3R B 09 RO 3 T
_InvfitGeneral 43 #7 , ¥ % % 22 JE AL . G IR 2
B5 A IR AR bR 22 E] B A OC MR B0 #F Matlab
7.0. 1 b AR B, b B g LR T, b 1 i A
JIT A 2 Gy W T FR 22 R AR 4 A% iR R 1 1
RO, % S BN AT B ¥ L ( Arbitrary units,
A U)o P T, 5t R E] R

T2,mt=;1n= szA(Tz)de/fA(Tz)de (1)

A T, — 1 ) s 34 )
ACT,) —T, 5t E s ] b Bz fy e B2, AL U

R 1 A6 B AR BG4 R IR RS A 5 5 0
JEAALG IR B A0 & KR A 5%, T HL 2 b Bk R Y
SO ol TR N R) 650 T 1 WL 52 3] S A il i T R
Y B, J5 n] WG A5 B MR PR AR S, R T AL
BB B A B A5 98 5 5 T, ISP 45 0 G 4 4 5, A
HAETE H TR 7 0 B REACTR B M i PR
M5 S ¥ 55, 10 mmol CuSO, ¥ & % Z 2 mmol
CuSO, ¥ W s TR N 18] BE L . ASWFFE R T, AL R 4
# 10 mmol CuSO, i W 1Y 15 = o & 24 4F 100% >k 4%
HEBR R L T, AU S UKE 2 mmol CuSO, ¥ i
15 59 AR 100% B4R Kb /N R iy
PG RAE TR h R TR R G TR g 4R
BE15H

2 ERE5HMW
2.1 NEMAREIEZEELNR T, 5 %% R E 0
BREHER

INZE WY T b TR R S K R H O Y
AR INIE 2 Fron . 5 H T Ay Bk 229 FE S LA,



266 PN A1 R A S 14 20144
051 2 S0 A0 65 FF 5 T N
2 jt
AR R 0 (IR TF R L2 T, 90 RO S cwew
z
R IE R OB L. 6 1 L APk 229 JE % B
BT U AR B A R T 4k & ﬂ IH
PIELETYN S I
05-20 05-27 " 06-01 06-04
5400 - - ~ W et
< o 2 o S = »ﬁl A
%(300 \éﬁ 4 O f#2m
HL200 23
=100 =
= &
0 L |
05-20 05- 27 06 01 06-04 = 0
05-20 05-27 06-01 06-04
H
m it
* o 20} BI3 /D2 A T I 2
g0 o RE FF S L
2’?40 Fig.3 Variation of average T, relaxation time
20 and chlorophyll content in wheat leaves during
0 senescence process

05-20 05-27 a4 06-01 06-04
B2 /NZEE i T, 5t T8 R i A S K R H T AR
Fig.2 Variation of amplitude of T, relaxation
spectrum and water content of wheat leaves during
senescence process

2.2 lJ\%ﬂJr)#?% TS T, KA E M EER

INFE I RS 34T, Sib $ R ) R SR R
HIF Akt & 3 s M 78 % 2 Hi i (6 H 1 H
ZH) 8T, st B[R] 2 RGO, i Ak R R B
U/ DN L P P I 2 3R KR 2 ﬂtﬁ’ﬁﬂﬁi%ﬁ@%
Y T, 5 SN [ A X /N6 H 4 H gk U PR 229 A
PRIA R 2 M58 45 T, P34 T, a4 i a] A i 2
R o BB B/ ME , M PR 7 — 2 1 &K,
BRI K i AN B A TR B /ML BT T, Al
T4 B[] 405 A 21 362 sk I B
2.3 INEWEEEIREEK G

INFZ WG RIE R AR AN B 4 V& S R, BIHR
i 22 WG A~/ B X343 301y A6 2, Hodr 10 mmol
CuSO IFW AL T 2 mmol CuSO,IF WK I J5, KR IE
(18 B2 B Sy /)N 22 25 1 4B T, 25 3 LA AN R ) ity
W AT

T, AL E S (L 4) H 10 mmol CuSO, ¥ 15
BB R(4.71 £0.28) x 10" A. U. , & F 2 mmol
CuSO, W T, AL 8 (& 5 ) I AE 4 4 B2, 2 mmol
CuSO M5 TR W m , R R BESRER
(4.86 £0.45) x10* A. U.

ﬁﬂ%ﬁfﬁﬁujﬂﬂ% 229 IR R A W

Frzm, T AR G B A FE N RS S

SRS A (E4) M T, A E G R E S

K4 /NERKE 229 89 T IAUR A&
Fig.4 T, weighted MRI of culm in Wheat S229

(a) 05 =25,y 3L E 3 em  (b) 05—-25,48 2 4t F 3 em
(c¢) 05 =31, 3L F3em  (d) 05-31,48 2 4t F 3 em
(e) 06 =04, M2 F 3 em  (f) 06 -04,48 2 1%L F 3 em

SREME/NTEES) .
Bl 6a g3 i T T, AL B R M AP 2R R A5 5 5k



%41

FEOGI 25 R R B ERBUIR DT 267

K5 /NAERR 229 By T, IMBUSRIR
Fig.5 T, weighted MRI of culm in Wheat S229

(a) 0525, Mm% 3 em  (b) 05—25, 8 2 BFBF3E |- 3 em

(¢) 0531, JEnm%E 3 em  (d) 05—31,f8 2 BFaf3E |- 3 em

(e) 06 —04,FEMHHIE 3 em () 06—04, {8 2 M3 [ 3 cm
JEARp Y JCIR i AR 2 M BEE M A H OB
B, WG TR B0 5 18] 6b BT AR i T,
FEAG 745 5 ik B A2 A 0] 23 S AN B B, 38 22 il
W5 T 0 BN AN B et ), 9E A 28 )5 0 E
5o B TR R (8 2 ) o R A AR 2 i, i
T TE G T PRI 4 I B8 05 4505 B A 2 Bl 8] 2
T O RE W o 5 B TR ) R 8 N R I B 4 o 18
2 W45 0 B B R U B R

3 itig

B IER T, Bl 06 5 H &5 i 5L 1E B, B
TARRHTK S B A R v R BE b K4
TR RS T H & GRS AT
TR B R 2 5. AR T H Z 4k
ARV A I T, s BN ] 3 /N Tk 4y T e
NE265> 719 H [ T, 3t 3% I 5] 25 2 200 ~ 400 ms, 1
Ak T, 2R 2 s, AN, KA T, i
R 5 SR TR 280 5 0 400 e sk W K B T Bl
T4 ) 458 =2 400 B K LA % 4 i B K RS

0.35
030
B

1 0.25
£ 0.20)
2 0.15
£0.10
0.5

0533 0531 06-04
H
()

0.12
i
0.10
Jul
£ 0.08
% 0.06
&
50.04

=

B 0.02

05-25 05-31 0\6-04
=i
(b)
Bl 6 /NERR 229 MR TR R(E 5L
Fig.6  Average pixel signal intensity in NMR images
of leaves in Wheat S229

(a) T JALEMG (b)) T, mACE S

YA LU 25 R Ry S 4, L T, i B o £ 41
5% o ABANIR] S B v 45 Bl Lo 1 T, 5th TR B X 4 B 22
SR G LE G R R T 3R 0 T, 5 TR o BT R
BESH KRR T 15% 1 0 MR REIEIR B 1
WF9E 25 IR F WA MG AR T, 5t 35 3% P A5 3 I A
Pt i K RS o

AR T, it B35 43 B 19 ] S P A2 1R A O
WY s e RBE I B LA K R R S N R,
R G R A 16 T R B A W o A R (B
S SRR 25 | T, ot T DI A DR, X 3 A LA
T T FR G5 000 SR 0 3 SR i o A% 5 I A% Al S i
WA B S N B R TR SRR 5
TE TR R . A5 03 5 1) 20 R 52w 3
T A A 09 1 3R M (25,00 £ 0.01) °C, fRAIE T 1% 3 54
JE RS M DA B R ) 5 SR 1 el S

Bt 36 4% T, 5t B 3% 09 % M 7 ik A splmod |
contin DA & SIRT &, & i) 2 fif 0] 43N 3% 22 3% ( contin
A SIRT 553 ) F1 83 B (splmod F1 SIRT 58 3%) P
B SIRT Wk WA B B A 2t i g
B, o RO B T B e 2 T, A BUT 46 2 B
ALY T (H T L AR 09 AS TR 28 B LA B AE AS [
AR ET WA R AR 0 T, s 3R, B8 50
A5 51 T 2% 1R M DA A o 3 i A o R 7 22
T2 TR, LI 3% 852 i Bk X i R i P AR URR
[F]— A= W i B T, 41 55 %5 DA St B3 e ) T, (B 1Y
Al G VR 2E . P A BT 5 i B AR Tk, AR S
A BB R T ot 5 W 1) T, i T34 T, o i
I i) ok AL /N FZ I R 1 T, 5t R R

T, ith 2 3% i 185 5 5 7K 36 22 ) 1 A k3 R G R



268 & A Bl B ¥ i

2014 4

O R Z W, X & B O R R (555 0k A F K
S F Ho AW T REIL IR T, ot B33 43 4 i it
RO EERE SR A . T, i R I A 5 R A
XEKREIE " REARM /NN AW T,
ot T4 T W E A 55 R G B K ST AT 1E A G M (AH
KFEBr=0.9771, n=8) (HILE EKF A K54
XK R Z [ AR SCPE (M X R r=0.9989,n =
8).

MagEAR G AR A RS S P R AR
55T, o B A R A G MR A R S B ORIRA
BT o T B e ) 5 40 A I T (B 0 K ) e
ELOK MK A DL KB K RSN ER
O NEMN NN ST, B
AR AT YNy N A R T,
LTI, WS R A U %, I S A B A L i A 4
LA Y6 A TR e B 7% B 20, K 4y ' H 5 4 k4
TH Z AR e AL R R 8 T, o i
(i) DT L 7T 2 A 5 380 A BT, 4400 P SI0 24 i i 35
7 9 A, LA RS AR XoF 5 2, A AT R PR 35— i i K
3, 47K 1 T 359 it B TR A 38 R A5 [ 5 iF A T
HH 20 5 0 R A% o i, A B K Ao SR R TR L
T, 5t 4 1% i & 1S 2 T, b 7 s ) 459 HE BRBE A R
B MR S AR AR G e S A 6, I
[F1) 22 5 ) 80 0 1 8 B 7K 43 B X0 A R0 T, ot
Mo

K i MSE ik oft 7 371 95 45 1 # A6 4R R 1R %
F OO 52 R R AR K R DL R
Ty T BB EA K, Fmn

S=8,(1-e Wye (2)
L S— R EF5mAE
S,—— HIEH B, B 5k &
T, ——4 [ b B 15F ] , ms

HRYEARE S B TR T, 5th B e PEAR S B2 T A
Ty TG BN P AR BRIk Ty < T, 00 Ty 5
T H 24, )35 7K 36 LA B A T 1% 38 s A 4 41 2L
T AB X5 5 58 8 A 3 5, DR Ol B 3 — UOR R
S5 I WAL SR B R 50 K BB RORAE L (R
55 DAL R AONE A %, E AR AR I R B O T
UG IR T 5 T8 24, 1 Ty>T,, W& K S
T, TR R AfE o (Hoh T8/ R ) 41 48
MR 2 5 T T, 5t 74 0 I 461 2 ™ T ), X R AR AR
(1 R FR R T, InAUR .

A5 R AR AR 19 48 2 CuSO, ¥ T LAY 1)
5t T4 ), A R A v R g, T, o 4 B[R] T, St B B
] 25 25 2 200, TR E NS 10 mmol CuSO, 15 )
5558 B ey, 10 T, AL E (£ 2 mmol CuSO, i

R R, SNSHE TR IEABR D, W
ot X5 5 5 BE A AT L MR 22, 7 O A 2 R A HE A
TR

R AIZE A T AR A 5 50 B2 22 S AN K, T
T, A EAG o g 6905 5 5 B2 W] S/ T T i AT
B X UL 7 FZE 0 T, s B A BOR 22 57 X
FO/NAE A5 BRI CuSO 35 Y T, 5t 33 % B, /N 22 it
Fr9F-2 T, s R i ) 5 10 mmol CuSO, 3§ U AH 24,
1 250 5 2 mmol CuSO, % Y ith 34 I [RI AL o X5
PIFh AR B A MR E A O, BT AL N R A
P {1 A el DS Gl B A TR TTRS G VAR B2 @20
T, Sty B N (R AR A o el T 5t B A IR f) T AS RN ok 45
MR TE T, A G rb A R Xk ik 1 £ 5 5 B T AE
T ISl A v )55 55

WEREIEIR T, ot B3 3% 2 T, W A 7 22 i {0
RIRFEANBA & (H R FE IR AR B i R o1 3 £ 45 o
FE T M R it R TE R R AT C 2 —E Rk
Ko X ATRER g T, it B 36 Sk 119 2 4 SRy K A1 AR 2
FErh U 2K 5 BOR PR, 38 23 i PR 4R 2 K X
ST 3 RS 1 5 0 I AS B 5 0 iR 1 AR v
Fi P PR 25 5 50 B K 8 J= P A0 O BT 1 A9 1R R
VEF-35 0K 53 00 A W A2 ALK B S B o 255 WG L IR
IS ARG LU ot 78 BRAE , W] 2 M /N o e e
PR MR R B AL R . WG IL IR AR A9 15 5
JE o 5 K Aot BRI R s o — D5 i R
B RIKK T BUE R B E  55 — 7 T, N IE )
I A S Rt B N (D3 K T A B R T,
A8 A5 5 5 B2 1452 W) B0 e AR R, T, A e £ 3
LN A5 5 L 0855, 0T, IS AR AT 48 5 1)
TE—EFERE EAME: T IR K 3 B M5 5 5m BEa 2k
ST s TR 55 5 B2 KR

4 it

(1) P T /DN 22 A% 3 3R 0 M 1% 70 B R 4
K BUAZREICIR T, st B3 (R SE AR T, SR £ i 3%
fik T IR A A5 7 1 a1 A B /N 22 i R i A B
R R B oo 28

(2) B L% T, th B 305 0 52 15 I 1 35 R R I 2K
PESCAR P4 T, st B i 8] 5 v A 52 2 A O, A
G B i ST 2 T s TR ) 0 O, T o
49T, 5t 7 )

(3) MR B SBRAE TOMAE G h LB N
T B BT TE T, A B R BN S
5iR B ST HE RS B L R T K o

(4) 3 bRl 3E 4R A I O 9 45 A A0 3 R 3
B T, 3t B R AR S DRBE T (8, AT 4 5 5 K R R ot



5 43 FEOGI 25 R R B ERBUIR DT 269

B PEZE G SO A SR A BT RIS IR AR R T EE R T R He R T iU AR
W) 0L B oK o3 FAE BRZS B 25 (] 20 A s AR B DX U E g, X i s S R AR

10
11

13

14

15

17

18

20

& % x Wt

Reynolds M, Manes Y, Izanloo A, et al. Phenotyping approaches for physiological breeding and gene discovery in wheat[ J].
Annals of Applied Biology, 2009,155(3) :309 -320.
Zhang S W, Wang C F. Research status quo and future of low temperature wheat genotypes[ J]. Agricultural Sciences in China,
2008,7(12) :1413 - 1422.
KEA. ADEBRBRE MY [ T]. PEP RS, 2011,25(3) 1148 - 153,163,
Zhang Songwu. Low temperature state and inverse leaf aging of wheat[ J]. Bulletin of National Natural Science Foundation of
China, 2011,25(3) :148 —153,163. (in Chinese)
Zhang S W, Wang C F, Yao Y H. Inverse leaf aging sequence (ILAS) and its significance of wheat[ J]. Agricultural Sciences in
China, 2011,10(2) ;207 - 219.
Capitani D, Brilli F, Mannina L, et al. In situ investigation of leaf water status by portable unilateral nuclear magnetic resonance
[J]. Plant Physiology, 2009,149(4) :1638 — 1647.
van As H. Intact plant MRI for the study of cell water relations, membrane permeability, cell-to-cell and long distance water
transport[ J . Journal of Experimental Botany, 2007 ,58 (4) :743 -756.
Ishida N, Koizumi M, Kano H. The NMR microscope; a unique and promising tool for plant science[ J|. Annals of Botany, 2000,
86(2) :259 -278.
Lim P O, Kim H J, Nam H G. Leaf senescence[ J]. Annual Review of Plant Biology, 2007,58:115 — 136.
FARER, PR, WSO, A TR SRR B KR B R OR I [T R MLMAE 4, 2010,41(8) :107 - 110.
Zhou Shuiqin, Shang Desheng, Ying Yibin,et al. Detecting subtle bruises on fruits with nuclear magnetic resonance imaging[ J].
Transactions of the Chinese Society for Agricultural Machinery, 2010,41(8) :107 —110. (in Chinese)
R YR SRR S [ M. JU AT A UE AL, 2006.
Castro C, Gazza L, Ciccoriti R, et al. Development of wheat kernels with contrasting endosperm texture characteristics as
determined by magnetic resonance imaging and time domain-nuclear magnetic resonance[ J]. Journal of Cereal Science, 2010,
52(2) :303 -309.
van der Weerd L, Claessens M M A E, Ruttink T, et al. Quantitative NMR microscopy of osmotic stress responses in maize and
pearl millet[ J]. Journal of Experimental Botany, 2001,52(365) :2333 —2343.
Pedersen H, Munck L, Engelsen S. Low-field 1H nuclear magnetic resonance and chemometrics combined for simultaneous
determination of water, oil, and protein contents in oilseeds[ J]. Journal of the American Oil Chemists’ Society, 2000,77(10) :
1069 - 1077.
Rubel G. Simultaneous determination of oil and water contents in different oilseeds by pulsed nuclear magnetic resonance[ J].
Journal of the American Oil Chemists’ Society, 1994 ,71(10) ;1057 — 1062.
Novikov E G, van Dusschoten D, van As H. Modeling of self-diffusion and relaxation time NMR in multi-compartment systems
[J]. Journal of Magnetic Resonance, 1998,135(2) ;522 - 528.
van der Weerd L, Vergeldt F J, de Jager P A, et al. Evaluation of algorithms for analysis of NMR relaxation decay curves[ J].
Magnetic Resonance Imaging, 2000,18(9) ;1151 - 1157.
Fabri D, Williams M A K, Halstead T K. Water T, relaxation in sugar solutions[ J]. Carbohydrate Research, 2005,340(5) .
889 -905.
Aroulmoji V, Mathlouthi M, Feruglio L, et al. Hydration properties and proton exchange in aqueous sugar solutions studied by
time domain nuclear magnetic resonance[ J]. Food Chemistry, 2012,132(4) ; 1644 —1650.
Callaghan P T, Clark C J, Forde L. C. Use of static and dynamic NMR microscopy to investigate the origins of contrast in images
of biological tissues[ J]. Biophysical Chemistry, 1994,50(1 -2) :225 - 235.
Duce S L, Carpenter T A, Hall L D, et al. An investigation of the origins of contrast in NMR spin-echo images of plant-tissue
[J]. Magnetic Resonance Imaging, 1992,10(2) :289 —297.

Investigating Senescence Status of Wheat Leaves by
Nuclear Magnetic Resonance

Du Guangyuan' Tang Yan® Zhang Songwu' Wang Changfa’ Guo Aiguang’
(1. College of Science, Northwest A&F University, Yangling, Shaanxt 712100, China
2. College of Life Sciences, Northwest A&F University, Yangling, Shaanxi 712100, China
3. College of Agronomy, Northwest A&F University, Yangling, Shaanxt 712100, China)



270 & ol HLOM ¥ R 20144

Abstract; Nuclear magnetic resonance (NMR) technique has been broadly used in probing plant water
relations. However, the relationship between NMR parameters and photosynthetic traits is still not clear.
An NMR system was constructed to perform non-imaging relaxation measurement or magnetic resonance
imaging on wheat non-invasively and non-destructively. It was found that from the onset of leaf

senescence to the degradation stage, the average T, relaxation time (T, .. ) increased gradually and the

chlorophyll content decreased, while the amplitude (A) of T, relaxation spectrum and water content kept
stable. When wheat leaves approached cell death, all of the above mentioned NMR and physiological
parameters decreased to its minimum value. It was deduced that A and the water content of wheat leaves

were linearly correlated. On the other hand, T, was related with leaf senescence status. Therefore,

non-imaging T, relaxation technique was thought a fast and powerful method to estimate the senescence
status of wheat leaf. In addition, T, weighted imaging and T, weighted imaging could represent leaf
physiological status directly based on the relaxation property. T, weighted imaging was comparatively
time-saving, whereas T, weighted imaging was much more sensitive to leaf aging.

Key words: Wheat leaf Senescence Nuclear magnetic resonance T, relaxation time  Magnetic

resonance imaging
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Parallel Simulation of Uniaxial Scattered Bamboo Root System

Zhang Yunwei' Yu Yong' Wang Dalong® Zhou Xuan® Wang Yanjun’
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Abstract; During the simulation of bamboo rhizomes, there are some faced difficulties caused by high
strength of calculation and large amount of data. Therefore, it is hard to satisfy the simulation
performance requirements by wusing traditional architecture based on single processor and serial
computing. In order to solve this problem, a multi-nodes parallel simulation mechanism was proposed
based on network compute cluster, and the parallel simulation platform was built for uniaxial scattered
bamboo rhizomes. The parallel simulation platform was composed of modeling node, task managing node,
graphics node and network switch in hardware. The growth model of uniaxial scattered bamboo rhizomes
was constructed on the basis of SimRoot model, whose geometric architecture parameters and growth
parameters can be obtained through experimental observation. Function decomposition method was used
for dividing integral task of growth modeling into fragments, and the corresponding task scheduling mode
was established. Then, multi-nodes parallel growth modeling mechanism was designed. Finally, as an
example, multi-nodes parallel simulation experiments for Phyllostachys parvifolia were executed. The
experimental results show that multi-nodes parallel simulation based on network computer cluster appears
to have obvious efficiency in reducing memory demand and simulation time, which has good adaptability
to the large-scale simulation of scattered bamboo rhizomes.
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