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Abstract

Aim  Our objective was to evaluate the influence of the water and nitrogen treatments on parameters of root and
leaf senescence in cotton plants grown under root restriction and with under-mulch drip irrigation.

Methods Our experimental materials were upland cotton cultivars “Xinluzao 13’ and ‘Xinluzao 33’, which are
the main cultivars grown in the study region of northern Xinjiang, northwestern China. Treatments consisted of
root restriction (RR), unrestricted root system (CK, control) and four levels of water and nitrogen supply: water
and nitrogen deficiency (WoNo), water deficiency (WoNy), nitrogen deficiency (W:Ng) and moderate supply of
water and nitrogen (W;N;). The treatments were applied in a split-split plot design. Cotton plants were cultivated
in soil columns to control the vertical depth of root growth and to regulate application of water and nitrogen. We
measured the activity of antioxidant enzymes in the root and leaf and the accumulation and distribution of
biomass at the yield-determining stages (from flowering to the full boll opening stage).

Important findings The root biomass, activity of antioxidant enzymes (superoxide dismutase, guaiacol peroxi-
dase and catalase) in the root and leaf, total plant biomass and the root/shoot ratio under root restriction decreased
compared with the control. In contrast, aboveground biomass and cotton yield under root restriction were consid-
erably higher than with the control. The supply of water and nitrogen effectively regulated root and leaf growth.
With regard to their effects on antioxidant enzyme activity in the root and leaf, SPAD chlorophyll content, above-
ground biomass and cotton yield, the water and nitrogen treatments were ranked as WiN; > WoN; > W;Ng >
W;No. In contrast and with regard to the shoot/root ratio and root biomass, the treatments were ranked as WoNg >
WiNy > WoN; > W;N;. Consequently, interaction between root restriction and the applied water and nitrogen
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regime had a marked effect on cotton growth and yield. Root restriction in conjunction with a moderate supply of
water and nitrogen was the optimal treatment for aboveground biomass and cotton yield, whereas the root/shoot

ratio was lowest in this treatment.

Key words activity of antioxidant enzyme, biomass, cotton, root restriction, water and nitrogen supply
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Fig. 1 Sketch diagram of experimental equipment. CK,
control; RR, root restriction.

F At o BTN SR 2 (7 4EN 46%) 20 g, 3
L6 g, 18714 g; KHoPO, (7 41iP,0s 22.8%) %
289, 4xElALiti.

FERN K PV CAE HE BT 9 3 ROSH 2 U7 IR
120 em¥i s gk, HEB I RSFRBHUOR IR AE
JRFHAE A A (30 + 60 + 30) cm, FFALFIIANEE ., +
oS el — 2 B 3-8 emi Ay 1, JRAEH LA
100H Je Je i o A N e T AAOR F AN [R] 2 ) -+ 4
R, 20 emAy 2, SR Z R b, e R
JEURFENE N o IR [ ASEI S, i,
SHIZRTE H1.48 g-em™, I FRKE L24.6% (4T
TR E ) ST HLRL1.96%, BHfE%(56.7 mg:
kg™, HAREL5.5 mg-kg™, HA4H194.7 mg-kg . R
FA A IR A AR T O, BRAR Ak 2
N ks T R AR 11 60-120 cm, Ji fill 4 5k
100H Je M, 42 om 4 b (BH W 38K 7y 75y
W HEEMERLT), FHIRE O T0-60 cmEEAT
Ty Sk A SR R R AR A b e T R RN
Wo MR 45 n, WEKDUSE, I RE R~
TRE T OMRE, BRREL. AR, LBEAAT, R b R
AFk, FRFEL10 om; WHER RO AL RTERIE A F) A7 1)
P15 P T, WSkIAIEE30 em, BT SkiE

www.plant-ecology.com

27 L0 421 HER, S H20H . A=
o, BEATAEE WK A B, O IAE . K
e FH /KRR R 1 42 1), FC Ay P T /657 S8 it [ K P e
T RERR AR
1.3 MEmMBFAZE
131 *iEEKE

R S/t N I W N N B A
(Watermark) i .t 1 48 %2 AR R 3 R WL LK,
HEATEL B LR MM LR . 240-60 cmt 211
P 33 5 K AR T AR N ZK 43 45 7 287K P 11591
T KRR K BB, IR K I H i 135
KR KRV I A = (Wp = W) x H, =X
oA K B (mm); Wk BEE 3 KRR, W,k 5
M0-60 cm -t 244 L5 K & (em®em™); H A

K 2 B (mm)
132 Mh. REMSEACRIPEBREHENRE B
(MDA)& 2

EFFAEIA. B, BRI, A,
ZURFREZUN, BRI 53 1) 0 BAK #A—30 25
DREmt (T TRy AR DY i $T 1005 8 =) 5. 78
BEAC IR B2, R A EE I B SM AR, RF20 cm
2 (PR AL FE 4 0-20. 20-407140-60 cm; X} [
ALFH K020, 20-40. 40-60. 60-8041180-120 cm), 43
EE AR AT A, HGER . R,
B TR R R R A B TR R S A T
=70 CUkHH, HT RS BERIGETERNE . HH%E D
W W E FT s A AU DU M (NBT)
W5 SODYFHPE, o il R B s 1AM 2 CAT G 1, &%
IR0 2 PODYEPE, it I b 2% Lh ta vk e
MDA & (44, 2000).

133 MEMEESE

ETFAEIE . B, a5,
SUNFIEZUY, SRS HE 3 R B A — 30 3=
2L Rert (T TG BB DY FTT0 S8 =) 5)7,
FJ H SPAD-502 it ¢ % % & {X (Minolta, Tokyo,
Japan) Il e i 25 5 AR X HEEL
134 £¥MESFENE

TERSE, RN AE BEE B SMRAR B, SE AT
ALY J A R R L, R L KRR B
FEEERE, R B AN S, Eol AN BT
ARAR, HERAKMGE, BRI G 34870 [F] 505
%, 105 ‘CA70.5 h, 80 C4AF Myt T 210 H 5 FK



B S e MBI K U IS N T WE R AE AR AR S e 2 PR s 259

i LSO &b
14 oo

4t K FH DPS 5k A kAT 8 1 43 #r, A 1ER
Sigmaplot 10.05¢ .

2 HRMHW

21 WREEYMENTWL

R I (E2), MfLmEiN 2 e, MARA
Wy I RN, R A TG R334 i T B 13
5o HXT(CK)AH B, ARIBR HI(RRF 2 (p <
0.0L) (I TR R 2B o AHIFIRRIR AR AT N 257K
RAL B AR R AR BRI A WoNg > WiNg >
WoN; > WiNg, WoNoEEW:iNg. WoNy AW, N1 73531l 55
11156.85%. 28.88%F1101.30%. H ek B ] 5 /K & .
YERIA, TEWoNos WiNo- WoN AW, N 544 T, RR
AR PR AR R A 53 EE CK &1 26.23% . 27.38%.
64.26%F125.62% . 1] W, AR 5 K LR A4
MR PR
22 WREAZEMDA)ZEMTL

WA R B (E3), B 2R, I RAMDAY &
AN BEAR, Bk 135 T B hG 3345 . AHIRIK
RPN T, RRAAFEH RMDA T &5 & (p <
0.05) 1 T-CKo  AH ARSI A AF R % 7K AR 3 1] & 1
JEMR RMDAS SR I AIWNy > WiNy > WN; >
WiNy, HAFEE 2 5 83 . 7EWoNgs WiNgs WoN;
FIWIN Z&E T, RRACFEFIHE RMDA 43 il LECK

B 16 Full flowering stage

14 1N25.58%. 21.47%. 15.74%#1130.52%, LI#HHEZ
(0-40 em - J2) B ME A5 K . 3R I 38 /K SO0 EE 5 B in
JAT H BRAR R B A AR RMDA S & BT
T B K A A BRAR 4% T AR RMDAF 1 KR
TR, T AEZE AR 2R 4 M SR AR
23 WREMSURIPEBREEHENTH
2.3.1 SODiE%

B 4nT L, B 2R, MR R SODYE It A
Wi T A, SBTRE R334 m T B bR 1355 A
[ K EHER 465, RRACH AR 2 SODYEME i 3% (p
< 0.05)fK T-CK.o AH[FIHLIAFASAT N # /K AL 3R]
% T JE MR R SODWE 3 K I W WINg > WoN; >
WiNp > WoNo, HHW;NiEEWoN. WiNg. WoNgZ>
I H122.59% . 38.13%71164.26%. 7EW31Ni. W1No-
WoN FIWNo 44T, RRACEE IR R SODE 443 7l
FLCKA8.42%. 12.06%. 8.74%716.45%. % WK%
SODF P AR 35k B 1l 5 7K 0 HAE e AN U, e
eI
23.2 POD5SCATE!4H

I KW (5), BELZEINR, #RPODIE M 2
Tt sk, B 335 | Tk 135 A ]
IKEPENZAT T, RRACERIHE RPODIE AR 23 (p
< 0.01)fIk T-CRAL L o A [RIARIBI A AF T 5 7K ZUAL BE )
% T EM RPODIE R I AWIN, > WoN; > WiNg
> WoNo, H.Ab B[] 2 5 5 2% o ZEW1N1 WiNg« WoN;
FIWoNo 2, RRAGER AR ZPODYE 4 43 il L CK

B Full boll openning stage

S0 BREE 138 Xinluzao 13’ ‘FHFREF 338’ ‘Xinluzao 33’ 50 ‘BrkkE 138 ‘Xinluzao 13’ ‘FkEF 335 ‘Xinluzao 33’
a a g
b
S 40f 40r ¢ b
g
o
y - 30
%%ﬁ 30 d d c
3 e
L % 20 F f ef € e
B S . £
g 10t
0
RR CK RR CK
RIFAEB Root volume
— W()No WoN] L WIN[) ESSIIT) W|N1

B2 KA NN OB IR LA R A8 0 S0 CF B £hrfE (i 22) . CK, XTI RR, FRAR; WoNo, ZK%7 6k WoNy, K737
Bl WiNo, FER 70 WiNy, KEIGE R . AFDNGFRER IS & A0 K 22 57 W2 (p < 0.05).

Fig. 2 Effects of water and nitrogen application regimes on root biomass of cotton cultivated under root restriction (mean + SD).
CK, control; RR, root restriction; WyN,, water and nitrogen deficiency; WyN;, water deficiency; W;N,, nitrogen deficiency; WN;,
moderate supply of water and nitrogen. Different small letters indicate significant difference (p < 0.05) among different treatments.
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Fig. 3 Effects of water and nitrogen application regimes on malondialdehyde (MDA) content in root of cotton cultivated under root
restriction (mean = SD). CK, control; RR, root restriction; WN,, water and nitrogen deficiency; WgN;, water deficiency; W;Ng,
nitrogen deficiency; W;N;, moderate supply of water and nitrogen. Different small letters indicate significant difference (p < 0.05)
among different treatments.
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Fig. 4 Effects of water and nitrogen application regimes on superoxide dismutase (SOD) activities in root of cotton cultivated under root
restriction (mean = SD). CK, control; RR, root restriction; W,N,, water and nitrogen deficiency; WN;, water deficiency; W;Ng,
nitrogen deficiency; W;N;, moderate supply of water and nitrogen. Different small letters indicate significant difference (p < 0.05)
among different treatments.
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Fig. 5 Effects of water and nitrogen application regimes on peroxidase (POD) activities in root of cotton cultivated under root restriction
(mean + SD). CK, control; RR, root restriction; WyN,, water and nitrogen deficiency; WgN;, water deficiency; W;N,, nitrogen
deficiency; W;N;, moderate supply of water and nitrogen. Different small letters indicate significant difference (p < 0.05) among
different treatments.
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Fig. 6 Effects of water and nitrogen application regimes on catalase (CAT) activities in root of cotton cultivated under root restriction (mean
+ SD). CK, control; RR, root restriction; WyN,, water and nitrogen deficiency; WyNy, water deficiency; W;Ny, nitrogen deficiency;
W;N;, moderate supply of water and nitrogen. Different small letters indicate significant difference (p < 0.05) among different
treatments.
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stage; FBO, full boll opening stage; FF, full flowering stage;
LFB, late full boll stage; PFB, prophase full boll stage; RR,
root restriction; WyN,, water and nitrogen deficiency; WgN;,
water deficiency; W;Ng, nitrogen deficiency; W;N;, moderate
supply of water and nitrogen.

A DL ZK OO 5 il A AR sl B 7t 5 A2 1 oty SO D
PRI, K EEAT R B A Pk o
2.6.2 PODEM

MIFAE I 2 B2, ) PODYE M Fifi 21 & 14
T AS W7 G (K120), BRI S T B4R 22
PTG L33 AR W v TR 1357, RRALH
[JPODE 1 {2 3 (p < 0.05){K T CKALEE , A [R] R 45 7%
FRUAAE R %7K A BE 8] (1T POD vE M 34 2 B WiN,
> WoN; > Wi Ny > WoNg, HA1W;N; EEWoN; L WiNo-
WoNo 73 1l 5 H111.90%. 27.06%7144.39% . 7EW;N; .
WiNo+ WoNi FIWoN 2 F T, RRACEE [ - PODE
PE 3 ) HE CK Ak 7 {16.15.96% . 13.76% . 10.70% Al
14.40%. AJ WK E X 7 SR T d AR B 1 5 i
[t PODYEME T BEFESE
2.6.3 CATE!

MIFAEIA 2 BRI, w v CATYE MR
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Fig. 8 Effects of water and nitrogen application regimes on
malondialdehyde (MDA) content in leaf of cotton cultivated under
root restriction (mean + SD). CK, control; BO, boll opening
stage; F, flowering stage; FBO, full boll opening stage; FF, full
flowering stage; LFB, late full boll stage; PFB, prophase full
boll stage; RR, root restriction; WgNg, water and nitrogen
deficiency; WoN,, water deficiency; W1No, nitrogen deficiency;
W;N;, moderate supply of water and nitrogen.

SOD. PODAHL, ki Ak & HA HE 3k iy AN W7 B (1]
11); BBl 3345 R 48 3 v T TR 135 . AH ]
KA 1T, RRAGFEICATITE R E BE@P <
0.05)fK FCKAL L . AHFIMMIB A A4 A T % /K A& Ak
PHH]) CATVE MR I A WINg > WoN; > WiNp >
WoNo, H:HWiNg EEWoN . WiNg WoNo 73 il =1 Hi
28.45%. 40.95%7180.94%. HLIH IR 5 /KA HAER
IAAEWINL. WiNgw WoNiFIWoNo &1, RRAL 2
(K A CAT % P 23 531 EL CK A #H115.29.31% . 15.70%
15.95%7123.90%.
2.7 WBHEMERMSHEMTH

RIS 45 X B (X)), RRACFERE S AE &Y
K FCK, HAEWIN Z AT AbHE )0k 1) 12 3 22 5 (p
< 0.05). H/KEALBLE LRI AWING > WoN; >
WiNg > WoNo, HIEZIH 237K F-(p < 0.01). RRit
L ERAE R RO R P R T CK, HLIA B 3
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Fig. 9 Effects of water and nitrogen application regimes on su-
peroxide dismutase (SOD) activities in leaf of cotton cultivated under
root restriction (mean = SD). CK, control; BO, boll opening
stage; F, flowering stage; FBO, full boll opening stage; FF, full
flowering stage; LFB, late full boll stage; PFB, prophase full
boll stage; RR, root restriction; WgNg, water and nitrogen defi-
ciency; WgN;, water deficiency; W;N,, nitrogen deficiency;
W;N;, moderate supply of water and nitrogen.

KF(p < 0.01)0 /K ZUAHE [R] i b33 A= 40 FFF
R~ BRI AWING > WoN; > WiNy > WoNo, #
A B I 22 S 40 TR A 48 35 7K P (p < 0.01) 0 AR Ik R 11
HKEHEAERIAAEWING. WiNow WoN ATWoNg
24T, RRANHE [ Hby 135 A ) 5 485 CKAK UK =i
9.87%. 15.82%. 8.01%A110.77%; ¥ #7 /& LCK
Wk 1 23.71%. 9.43%. 18.83%7#1120.14%.

R A 4y 1 A0 AR e AN [ A07 1) 70 Tc 36 B (3R 1),
HCKAFEAALL, RRAMEERL 22 (p < 0.01)F4fIK TR
Ll Rl R T S 7K AU BRI T b3
T HWoNg > WiNg > WoN; > WiNy, #AbBEH] %
SR B K (p < 0.01). FEWiN;. WiNo-
WoN FIWNoZ 4, RRASEE FRIHR 56 L 35 CKAR Y
1%26.81%. 105.36%. 46.54%F158.84%. % M+ 1%
IKERUEE 75 5 N AR jed bt FRAR S S ANBgURk, DL
BT (WNo) Z A T M7t b A W] 4

800 B35

‘Xinluzao 13’

RR CK
600

400

Bt B335
‘Xinluzao 33’
600

400

200

- F PODRS 5
POD activity in leaf (AOD470.g™' FW-min™")
o]
=

F FF PFBLFB BO FBO F FF PFBLFB BO FBO
HH W Growth stage
—o— W)N, —0— WyN; —»— W;N, —— W|N;

BE10 7K A R X A J R R A A8 - i 46 £k A7) B (POD) i
MR PR R Z) . CK, XTHE; BO, M2 F, JT
1630, FBO, #EZY); FF, BE4EI];, LFB, #E44)5 11, PFB, B
BT RR, B WoNo, KB  WoNy, 7K 23 %7 ik
WiNo, B FE 76k WiN,, KAEIG & .

Fig. 10 Effects of water and nitrogen application regimes on
peroxidase (POD) activities in leaf of cotton cultivated under root
restriction (mean + SD). CK, control; BO, boll opening stage; F,
flowering stage; FBO, full boll opening stage; FF, full flower-
ing stage; LFB, late full boll stage; PFB, prophase full boll
stage; RR, root restriction; WgN,, water and nitrogen defi-
ciency; WgN;, water deficiency; W;N,, nitrogen deficiency;
W;N;, moderate supply of water and nitrogen.

3 g
3.1 AR PRI FO K S R X AR TR R A IR 1 Y
A1

VEY) b b5 5 22 5 PRI DR 25 52 R AR AR 3R 2R
FREEDIAOC . WHFCIAh, WBE e 3 SRR R 5
APRARH R, AR R IhRE, 3G R bR
A R, (EY) T K (Yang et al., 2002; %
TE 4, 2004) . ARE:H, RRALEE0-60 cm+ 2R &
. KLASOD. POD. CATZHiA MY &
T AR AR AE SR 2O W 24K T CK, MDAT &
WEETCK (p < 0.05), WM EIFIH 7R R
AR FEMRARTEZ I, KB AEE SOt &
R ZSOD. PODFICATHU AR B R IGTETE,
IKMDA T &, iR A AR 5 P, (R g
FI(EAE, 2000) . Joie MR I A [ /N andi], %7K Ak
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Fig. 11 Effects of water and nitrogen application regimes on
catalase (CAT) activities in leaf of cotton cultivated under root re-
striction (mean * SD). CK, control; BO, boll opening stage; F,
flowering stage; FBO, full boll opening stage; FF, full flower-
ing stage; LFB, late full boll stage; PFB, prophase full boll
stage; RR, root restriction; WyN,, water and nitrogen defi-
ciency; WgN;, water deficiency; W;N,, nitrogen deficiency;
W;N;, moderate supply of water and nitrogen.

P 2 )2 M AR R BT ORI G RIS PR R
JHWiN; > WoN; > WiNg > WoNy, MDA & L)
HJWoNg > WiNg > WoN; > WiNy, FRHHIE B /K AL
I ] el A v T ARG A AR A B T ) 45 5, B AR R
PUAALIIRE, ML
KRR, AR R A KA BRARA, Wil
P& R AR A I R B B, AR R DD e FE AR
SERIE, ISR IR K R B (B omsE,
2001). ARIEHTTERH, 7EWiIN1. WiNg. WoNy Al
WoNoZ AT, RRACFEGTAAL LR Bl 2 (PODHICAT)
R TCK (p < 0.05), LIWoNg0-40 cm+- /2
R 2K, WiN; 40-60 cm - JZ2 FRIE &N, W&
MDA % & 2 % 5T CK, PAWoNy 0-40 cm1-JZ (1)
R, WiN1 40-60 cm 1= J2 38 MEEL /N . R WK A
RHE 75 e 2 K e AR PR R b B R R
POD. CATH#FME FBEFIMDA S & FTHRE, & H
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IR G I AT 20 35 AR R T T L R R AR
ZPOD. CATIHfE. FEICIR AMDAS i, SR F
TEEHERE . HEAE MR 2R IR 28 R AP BTG 1R 2 R I
H LE<HE<T)ZE, MDAS &R L)JZE>H 2>
N2, 5% P8 IR 55 (1999) X} 4 4k /N 22 (Triticum  aes-
tivum) IR ST 45 5. B R IRRE A T K REBE R,
BRI RE K 431535 £0-40 em -+ J2 (K EE 4245, 2002),
40 ecmbA bRk A S e AR RS E, Wl e R TR
JEAR R A BEVEPE e . AR HEM e A" B, SR
FEOUHE . VRIS R, Bnh . R R AW
el L], gEREd . HE MR AR B,
X T REE MR R AT F R
3.2 ARIBPRHIFNK AL R AR LI R =R Z 4R
A

VEYIAR 2 72 BE D)) B8 16 A2 A0 1 H65% i b b 358 73
WHEHAERKKE MR, 2010), AR
PR IR A $R T (BLIE R 45, 2004) . A7 KHRAE
MEARMFFER I, BRI A 350 204 e fF i
(SR, EATEZ I TSR A2 5 M A b
PN TE SRR (ZR 2 EL A5, 2000). AHIFTTHT, AR PR
R AR AL 32 A N R PR A R i R
MMDA® R EH SRR 5, RN
RAERKZMZ MG, RARGAA R M 505 M
%, FEZE BN, s K B W R A, 2t
A S S P A A e B 1 5

TEVEIRR ZR A K2 BRI B v, Rk e i o 1
AR BEAC R, B 9T K 23 RN IR 43 1 Wl R
IR AR A0 T (B 445, 2003; SRl A
224275, 2003; 5K K AT HElE, 2006). Liu%E(2008)
AR 345 (2009) T ST R W], 7K SUEE Y ] i =25 i
BRI RIE D) R RPUEAL R R
TEPE, R B ORS Bl AR S I AR AR T I
I SRR S a3 2 55, 2008); MR R IhRE iR 5k
(R B3, mT ek K I I T BT 2 (Dodd,
2005). ARG AR K AL BT R 4G AR & (1514-6)
b i (B 9-11) 1 48 Ak £ 47 B 305 1t X R I A
WiN; > WoN; > WiNg > WoNy, MDAE RN 2
R (E3, K18), Jufm (5 R ) M4k SPAD
HAZ A A F (B 7) 55 AR - HrAa Ab Cr 4 g R s v — 2
FUPKE AN AL BRARHEAEAR R 5w iy iR 47
Mg Z G VE TR, BRI R P A A R B, e R
B fift e ek 1, REAE K v eI
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Table 1 Effects of water and nitrogen application regimes on accumulation and distribution of biomass of cotton cultivated under

root restriction (mean + SD)

i st Hby L3R4 A=) BEYE R E HEHR
Variety Treatment Shoot biomass (g) Total biomass (g) Root/shoot Seed cotton yield (g:m™)
Pk 135 RRW;N, 59.41 +5.34° 91.44 +6.24° 0.54 +0.02° 1925+ 1.1
“Xinluzao 13’ RRW,N; 86.06 + 7.86° 104.77 £5.74° 0.22 +0.019 3541+ 35°
RRW;N, 69.38 + 6.39° 101.84 + 4.47° 0.47 £0.01° 299.4 +2.2°
RRW;N;, 94,08 + 8.04° 113.96 +5.77° 0.21 + 0.00° 453.9 + 4.1°
CKW,N, 57.29 + 4.79' 92.69 + 6.85° 0.62 £ 0.03 141.8+1.3"
CKW,N; 77.54 £ 6.47° 105.66 + 5.52° 0.36 +0.01° 330.0+22°
CKW;N, 68.38 + 5.83¢ 102.30 + 5.70° 0.50 £ 0.02° 276.2+ 1.1
CKW;N;, 92.04 +9.03° 115.71 +5.79° 0.26 +0.01" 411.8+6.8°
SBr b R334 RRW,N, 65.79 + 5.96° 100.36 + 6.89° 0.53 +0.02° 205.5 +1.49
“Xinluzao 33" RRW,N; 96.18 + 8.16° 107.02 £ 5.10° 0.11+0.01° 4489 £1.1°
RRW; N, 84.06 + 7.08° 103.83 £ 5.15¢ 0.24 £ 0.01° 420.1 + 6.4°
RRW;N; 115.45 +9.14° 120.19 £6.77° 0.04 £ 0.00" 881.8 +21.6°
CKW,N, 60.30 + 5.63" 101.67 + 6.81° 0.69 +0.03 196.5 + 1.8°
CKW,N;, 79.72 £7.02° 108.06 + 5.24° 0.36 +0.02¢ 402.4 + 2.4°
CKW;N, 73.38 + 6.83 103.98 + 5.94° 0.42 £ 0.02° 325.0+ 7.8
CKW;N; 113.77 +8.77° 122.07 + 6.60° 0.07 £ 0.00° 642.7+135°

FEBIANRANG 7 RER 7R 25 A B ) 22 57 18 2% (p > 0.05).

Different small letters of the same list indicate significant difference (p < 0.05) among different treatments.

33 IREBRFIFIKFELBEEMERRS H
[R:0A

% B 425 (2003) 1A Ay AR 438 PR 5 /K R AR 7 L e
I, 0 b AR K i AN K EE 2 — 8 I A
Mo AR5, ARBRR e R Y & W
IC(EI2), (HHh bR Py i KA = B (K1), X
A HESIE MR R AE K] DR RIUAR 5
W A SR (I K BB 4%, 1995), A ) T-Hb LA 4 &
FRE o AR AN R], BBl 335 b5 A A o R
il 13 =i ) R R A A o I w211 i
13455 (3R1), X Re S MRRRAA O, AHXS T Hb
ERAR R, TR L33 Y B Y AR N R
Db TR U (KRS, 1995; 2515 A5k K
5, 1999); 1M RAKEK I 75 PN G &R
2% 4)](Casper & Jackson, 1997). A4 KW, A4
BRI N, KGR AR R AEY & S5 b
ARG 1 b AR A . FPA P B (AR AT
(K1), BUAKIERLFMT, WMRAKEE, 4
Y TR, A IRMDGE Y RTBE 2 o n) M FER A
=RV

5K 7K 5 AT R [l (2006) W 97 4 BH, 3 JE A dak PR
HIBEAS T w542 (Sorghum vulgare) s AR K-, J#EHSOD

L PODE PR FEAIC, (67~ 5 A 52, R W& 347
E—E R IRRITCRING . AR AT, L
PRI (RR) B0 TR (CK) 22 (p < 0.05)F#1IK T AR & A
R PR ORI B R, AR SR R R,
EFFAR P B i 2 v T IR (R L) o S5 BT A A A
S, BTV A R AR EOR, R KPR
F TR, KRR B S AL R e,
BB I TR R R e R AR A AR AR R A K2
BB LR . BangefiIMilroy (2004)1f 77 %
B, Aife IR 3 (0 SR, ARG AR KT AR th i 5
WA, B, TR EIR . AR AT BR AR
X, BRI R AR TR B TR AR KO
] VARBE AR KO i, AR TG R R
(i) ) A= 5 T IS (BRI Y, 2004) o i i A B K IR
W, R TR AT Nk,
HAEE PR AR S5 AR AR
RTINS, ARG IR A R T R R4
I CUASEADL H TR PR, (HATS b TR 50 R R AR 7 A
TERNZESR . I, T — % AR T
JiE, IRNER VT K S B R T AR AR AR Kk
e RG], AR R REAR 4 A K
JIE A S (A B R ARCHR
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P11 R 1(SOD. POD5CAT) 3 (p < 0.05)f% T
X, MDAZ RN, BRI s m R =42, 7
fRHET M bR B, ARGe LR B, i ARt
WEHRHT R . K EHERY A 2 AR R S i
HRRE, MEEMEEZFE ., MR GRS R K
FHEN AL B AR G LU ARG, (A B AR R
R T AR BE (R, AEAR R A AN A2 PR
AN, ALK B WK AN, el R S
MR B ORI RS, BRI et L T3S ol &
PR AR TR Y B, R AR A R . HE—
ACAZ RN T WE B RIS v ) A AR AR

EEWME BERARFFE4E(3100067542304600-
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