MO A A O20114FE1H F228 1 H
Chinese Journal of Applied Ecology, Jan. 2011,22(1). 73-78

FEKFIHEMNNEAREFTHRFEEFERNZIN
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B2 B - K RS K H AT B, Bemidg& 7121005 * FEFH I RF(JERT) , LA 100083)

M E aAdwEMNREERAATEERE, KT RARNLE A EZ(0,.30,60.90 kg -
hm ™) Xt BN AN E SR (F K 9694 Fn kA S8) MR R A A WERE EMERFTFEN Y H, U
HTARKAAAEETRBELADERANERANE. ERELA A RKABERT LDNEZHR
FRBEEMERTAEEECE BB TRAED. EEEFH, H & 0694 R 2 R EH M BB
B AT 58590 kg - hm2 4L FE4h 40 58 WUAR R 0E /1 3 B 2 K T # % 9694. 72 2 FE 11
FE R A K 9694 W A EAERKBE L E K THEISS. A4 4L FHN,60 kg - hm™
AT R A EEEA T AEEASEN R/ ,90 kg - hm™ 5 60 kg - mPAEZF AL E.
FEARACH] F BB 3G A, 45 % 9694 WAR 27 B F R &, T H0 58 £ 60 kg « hm ™43 T &7 5.
HHARANAERGTNERRZENE, AR T U EZEN BHSSHRAENEAT AL
9694 ; T ZEHE X #], B4 58 72 60 kg - hm> #1190 kg - m A TR AA N EE FIR T AHX
9694. ¥ % 9694 Fr /471 58 B UL 60 kg - hm 4L BB 08 &% 5. 45 b 4R K F X H & 9694 1By
PE R B EHL 58 &, F LA 60 kg - hm™ 3 JFl & 1.

KR RAF AANE RFE OAENE AHE
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Effects of different application rates of water-retaining agent on root physiological character-
istics of winter wheat at its different growth stages. YANG Yong-hui'*’, WU Ji-cheng’, WU
Pu-te'”, HUANG Zhan-bin*, ZHAO Xi-ning'”’, GUAN Xiu-juan’, HE Fang® ('College of Re-
source and Environmental Sciences, Northwest A & F University, Yangling 712100, Shaanxi, Chi-
na; Institute of Plant Nutrition & Resource Environment, Henan Academy of Agricultural Sciences
Zhengzhou 450002, China; Institute of Soil and Water Conservation, Chinese Academy of Sciences ,
Yangling 712100, Shaanxi, China; *China University of Mining & Technology — Beijing, Beijing
100083, China). -Chin. J. Appl. Ecol. ,2011,22(1) ; 73-78.

Abstract: A field experiment was conducted at the Yuzhou Experimental Base of Henan Province to
study the effects of different application rates (0, 30, 60, and 90 kg + hm™) of water-retaining
agent ( WRA) on the root physiological characteristics, biomass, and grain yield of two winter
wheat cultivars Zhengmai-9694 and Aikang-58, aimed to probe into the action mechanisms of WRA
on the root system of winter wheat at its different growth stages. The application of WRA decreased
the root membrane permeability and soluble sugar content, and increased the root vigor. After the
application of WRA, the Zhengmai-9694 at its different growth stages had a greater decrement of
root membrane permeability, compared with Aikang-58. In all treatments except 90 kg + hm™ of
WRA, the root vigor of Aikang-58 was obviously higher than that of Zhengmai-9694. At booting and
grain-filling stages, the root soluble sugar content of Zhengmai-9694 decreased much more than that
of Aikang-58. In the whole growth period of the two cultivars, their root membrane permeability and
soluble sugar content were the lowest in treatment 60 kg + hm™ of WRA, and no significant differ-
ences were observed between treatments 60 and 90 kg + hm™ of WRA. The root vigor of Zhengmai-
9694 increased remarkably with the increasing rate of WRA application, while that of Aikang-58
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was the highest in treatment 60 kg + hm™ of WRA. The application of WRA also increased root bio-
mass, and at jointing and booting stages, the root biomass of Aikang-58 was much higher than that

of Zhengmai-9694. However, at grain-filling stage, the biomass of Aikang-58 in treatments 60 and
90 kg + hm™ of WRA was lower than that of Zhengmai-9694. Treatment 60 kg « hm™ of WRA had
the highest grain yield of the two cultivars. It was concluded that WRA had more significant effects
on Zhengmai-9694 than on Aikang-58, and applying 60 kg + hm™ of WRA could obtain the best

effect.

Key words: water-retaining agent; winter wheat; root; physiological characteristics; biomass.
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FAEKLE X EESE W 2R i 2R K R
L R R S B AR A A AR A, SRR
Wi A AR 4 A i 4% 31, A O B2 T 5 I )
FROL MR 2R B A BECAR D B4 2 W AR W T S A R
5511730 BRI Z AR 2R A B R P T R L ) g
AT S AR R AR B R

PRI — P52 1 s AR | = K I A oK
TR RS T RA W T RK R Y R AT i
2550, Re % w3t A A R Bk DKL i JE
JR A R OB K R 2 R, L RE TR IO
B A B REA R 2= BT RERIK S B # K
PRI TP e R BRI H TR
P ICE K o, R AR R I AR RO A
I bt O oK R AT DL 2 R YRR K g
SBT3 TERR AR 4 K B
RN RTINS | B A & PRk
7T LA B AR AR ) A Rz P | P PRt N
M R R 4 e T R X AR 5 O
RERS $12 W 1 AR ARG 7, AR b AR AR . T & 4
R 22 0L FE e A RS T, BROK R T AR R 5
W P ) AR AR A, AR 2 1 A2 BRALRE. F St
SV BETE R, SRR B MR R
v U NE RS 5 1 U BTN <2 0 Bty oo N S R
BIFFERARES Ry i 112 A A o B B
7. Rt PR AR i 28 /1N 22 AR 28 A BRI g i oz %
HARN R T AR PR ISR i T ZER AT
FE. TEFIRIE 5 B RO TR I ke FAEIX, 3507 R K &
i/ | 27 RS RIRE S 301 e T e S i 22 | T i/ A2 2R
B IAHERE , HOK I HFERLIZ B K, &I 4/ N4
{1352 —5E RSP E B E MR R e, AR SCRIFSE T AN TR
T DR ZK T R Y AR DX PR A /N AR AR AR R Y
SN, 15 A8 A PRIK G 8 2E— A0 107 B 46 75 XS 28 /)N
A MR AR W VE RIL B (L B AR .

1 HRBREHARFGE

1.1 AR5

TR0 7 [ % i B AR5 S Rl Ak Al &
RIS B M (33°59'—34°24" N,113°03'—113°39" E)
HEAT. Z IR 116. 1 m, AE[E/K B 674.9 mm, Hip
60% LA DAEPER 2 0+, H IR
Ti%ﬁﬁ,l%@i&ﬂ?iﬁ,iﬁé%ﬁiﬁ 1.22 ¢ - em™ ,
HE S35 B2 A PLR 12.3 ¢ - kg™ .25 0. 80
g - kg™ IKIRE 47.82 mg - kg GERLE 6. 66 mg -
kg™ A 114. 8 mg + ke, FIEHUARLLR R . BOR
(2 ~0.02 mm) (5 59. 1% , #7347 (0.02 ~0.002 mm)
5 22.5% K5 K7 (<0.002 mm) 5 18.4% . Ri#EAEY)
R EAK(Zea may).
1.2 AR

PRAGRIR T R 48 RO R B AR )5 58 5 BE R
IRBE AT T ] (40 35 BB SRRk ), 2B
RNM BRI, B NP UK A R A + 45
R AR, RN (Triticum: aestivum) i A
FBEA e A M rh BLA S FROAR 22 9694 i 22 R AR 4
PR AP RS 58.
1.3 Rt

W 4 DNREEGROKFIAL B 73512 0 kg + hm™
(X, CK) .30 kg » hm™(T,) .60 kg « hm™(T,) Fll
90 kg » hm™(T,) , 7& HI [E R EXHALIX 413 11,3 IRE
B /NXHRL 4 mx6 m. /N A F WA RIS PEA AT ]
K, A% o e 30 5 RS (P, 04) 90 kg + hm > /EJIK
N N(JRZ) NEAE/INZZ REFh T e — AT It , FH 4R
225 kg + hm™. F2008 4F 10 H 17 Hi&Fh, /NE#F it
HF150 kg « hm ™. W, fRAKFI S HIRA (1 2 10)
TRV 35 4 VAR 10 ~ 15 em. /X 55 1% 5 1 G, 0
W /NZE A A T TR K . /N2 AR BT R R K
219.4 mm, )\ 10 H/NZ %R 2] 11 7 HLFEF 30.6
mm,B4E2 AHE 6 H 1 H/ANEZWGE, & H W &5
S12419.1.15.3.57. 8 F196. 6 mm.
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1.4 WEmHSIE

SIESRTI (3 A 29 H) (AR (4 28
H)FIRER (5 A 13 H) e AR/KR Y 12 (10
~ 15 em) PG 2 AE A, 20 ) 7 A ) A 3500 A [l A
M (3 ANER) SR /NX R BEHLIBORE 3 AL, A ]
SRR RS G TS, B ARG 7 B A A
TEH AT LA B AR AT

MR 2R 5T M6 3% 1k SR F L 5 8 )3 (DS15) il
SE T TR O L (ki e T AR R )
(BURARH S ) R TTC 35 . AR R A Pl s
BRI 0 ~ 60 em, R AN T HAE 9 em BHTE 20
em FURREY 43 BIAEZ2 AT RN 22 [B) 45 B —4h , FZK w1
B5 ,AE 105 °C AT 25 min,65 C FHES h Firit.
1.5 Hdlukbai

R 25 R 3 R 141, ris£dis
DPS 7. 0 #AF#-4T 05 2250 M7, 3R H LSD 47
T RN . AR

2 HRE5HMH

2.1 PROKFRIRS &/ N AR ZR B 1 (4 52

240 5 a5 A DA/ T AL X R S RO R
1 AL, PIASA/INZE i R A [R] A 7 30 AR AR o
BRI AR SFEIR I S SO, 22 57 B A
AN PR K TRV B8 26 1, 41 S0 R 2 Bl R A
9694 AYMRZ JoT I i 1 3 R T IR BT 58, 1 A #E 2
W1, 0BT 58 HUMR R BB E M 03 R TR A 9694. 1
FPRAKGRR  AEARTT 3], P O AR 3R BB 1 Bt O K

R1 RAFIITHE 9694 F4EH1 58 1R BT B SR

Table 1 Effects of water-retaining agent on relative con-
ductivity in roots of Zhengmai-9694 and Aikang-58 ( % )

INFZ OB K] Growth stage
Wheat Treatment A1 Zp Rl I
cultivar Jointing Booting Grain-
filling
K 9694 CK 65.1Ca  87.2Aa  70.8Bb
Zhengmai-9694 T, 55.6Cbe  75.9Ac¢ 66. 7Bc
T, 53.6Cc 75. 6Ac 62.0Be
T, 58.8Cb 80. 1Ab 66. 9Bc
FEAT 58 CK 58.9Cb 80. 3Ab 72.4Ba
Aikang-58 T, 53.7Bc 75. 6Ac 64.6Bd
T, 52.2Cec 72.0Ad 64. 1Bd
T, 55.8Che  70.3Ad 64.5Bd

CK: 0 kg+hm™2; T,:30 kg - hm™>; T,: 60 kg - hm™2; T;: 90 kg -

hm ™. [T A RS 7 B 2R AR ]I 22 57 {2 3 (P<0. 05) Different
capital letters in the same line meant significant difference among stages at
0. 05 level. [AFIAF/NG 5 EEFIRAN A AL HI2E 57 .3 (P<0. 05) Dif-
ferent small letters in the same column meant significant difference among

treatments at 0. 05 level. F[d] The same below.

FFH A R3Ehn, Se R RE 3G, (BB FX I, 5T,
{14) o R P 25 R SR, (EL VR o ) 2 S AN W 3. e 2
FEIA KA 9694 1AL 7 T B3 1 3R B . CK>T, >
T, T, , NPT 58 FRIMA . CK>T, >T, | Ty, Hrr K%
9694 1 T, F1 T, Ab3AR R o 5% 1 W 2 K T &40
58. MEMI, R 9694 T, kb B ) o ki M S 1%, H:
YR T, AT, ARBE ok R I 3 T P AR KR A B
DT 58 AL R J5T 537 1 7E PR K 57 Ak 3L ) 22 S A
B (EX BT X R B L, EREE 9694 1Y
HRZR TS M 24K T 45 bt 58, H.25 53k 3K -
ERALEAR R 2504 T, it PR K R0 AT D 25 AN 22
HRZR Y B Pk 42 i Hep PR RE o B 2 9694
()it FH AR 4T 4841 58.
2.2 PRIKFIXS A& /NAZ MR 22 T P 5 1) S i)
H1& 2 W], P RN A5 B I AR 2R T A
T BRI AR I S VE SR > 2 R R R K R
BF, R I], A2 9694 FUAR R I iR M & B 5%
Pt 58 oI E 2= 5 s FEAP R RNFE S, FR A7 9694 1
2 TR 58. it AR K R 5, ZE 3 0, A A2
9694 5HEHT 58 MR F& T i MM B o Bl P /K 590 it
A INMREAL, R E T H T, 5T, 2
SR AEZA R B 9694 Y X HRAR Z W] % 1
WS R, UG T, T, T, B R AR T
HR TP 1) TG 3 22 57 BB 58 T, Ab PR &L T
X B W AL ARAR L, A2 9694 T, AbBHAYHE 2 AT A PE
W i 2 = T RRDL 58, HoA AR K R = 22 R
FAEMEII A 9694 R ZR AT M S e R
H:CK>T, >T,>T,, 540 58 B T, Al T, &b F G E K
FXF IR A 9694 4% AL BRAYR 2 il i vt & 38 B
i TR 58. R IR KR 22 T /NE IR FRZ
TS A I RREE R T AN PR RE.

R2 RKFIRTERE 9694 FniZHi 58 A AR MRS BRI
Table 2 Effects of water-retaining agent on soluble sugar
content in roots of Zhengmai-9694 and Aikang-58 ( mg -

g")

INFZ A3 K] Growth stage
Wheat Treatment vy ZpRy WA
cultivar Jointing Booting Grain-
filling
#F 9694 CK 46.8Aab  40.0Ba  49.5Aa
Zhengmai-9694 T, 41.3Acd  21.9Bc  44.1Ab
T, 37.1Ade  20.0Cc  25.8Bd
Ty 37.0Ade  29.0Bb  30.4Bc
ST 58 CK 51.3Aa 21.5Cc  26.1Bd
Aikang-58 T, 44.5Abc  21.2Bc  25.5Bd
T, 38.6Ade  19.0Bcd  21.5Be
Ty 34.2Ae  17.8Cd  19.7Be
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2.3 DRAGRIN /N AR FR TG 15200

F2E 3 nl 0, B AL FR A AR B AR R T 1 3R
BN - AR 30 > 2R > SR I | 25 Sk B KR
BBt/ INAZ A R R, MR 2R TS ST R AR, AE R I, B
9694 Jifis FH AR /K I A B 22 3% 07 45 3 8 T B T,
5T, HIT, 255 53  7r 2R RS RNTE 2001, Bt A /K 571
it FH A AR 0, B 2 9694 AR 2R 4G 1 14 i 2 R
TP 58 TEEEA A= F I Rl PR /KR FH A= i 8 AR R 3%
J e JE ke, b T, AU ZR IS . Ui R K )
M TN K B B T HR R S, Hp
T, BOSR e . P A FAH EL, 7R 3R T | 2 BN
1,990 58 O T, BT, AbBRAR ARG W K TR A
9694 ; T 2457k I FH 3 1 (90 kg + hm™ ) N}, B 4T
58 1 3 I AR R 76 J1 35/ N TR 9694.

R3  RAFIXEZE 9694 FNEHL 58 IR R TE IR IT

Table 3 Effects of water-retaining agent on root vigor of
Zhengmai-9694 and Aikang-58 (pg - g™ - h™)

2.4 PRGN A/ N AR FR AR B 5 T

H1 2 4 v ZEBR T I, KR ZE 9694 (AR R AW
RN T, >T,>T, .CK, B T, &b, HABLRAK I 4L 2
50 IR 25 S 0 3 5 TREHT 58 MR ZR AR Wi Bt 1 K 30 1]
ARSI, T, 5T, Ab B IR 22 R W S W A
H O REBL 58 MIAR R AW i K TR ZZ 9694, UL T, FiI
T, AbBEXTAR 22 A= 4k A 48 1m0 o b 35, 7 2R R AT
79694 1) T, AbHEA:= Yo I 2 = T LA AL B i 4%
PU 58 1Y T, b3 2w T HABAL B PR Ll BB
58 WA 2 AWy AT = TR A2 9694, HW & Foxsf vz i)
PRAGRI b P 25 5 (0 3. FEVES A, Bt KGR 2 34
BB 58 AR RA Ik, MR ZZ 9694 (AR &
ARG BERAAE /N A AR R A A B A R, ST
58 M REFRAZ 9694 Jik A H T M KA FRTHY
WSR3 BE s T e /N2 AR K E A SR 9T 58 IR R AW
HI L W 2 A UL T AL B Y
AT FE 7 4 3 A R 2R

AN T Qb3 HE K] Growth stage N

Wh(.:al Treatment P Za bl 3 2.5 ﬁﬂ(%ﬂﬁ"i@d\iﬁ:ﬁﬂ'ﬂ?} ﬂ@

cultivar Jointing Booting ?ﬁa'in— FH %‘:2 4 Ej‘j:[] , ﬁpﬁ]ﬁg/higgfﬂiﬂji‘%}mﬁg :Tz

illing

i 9694 CK 56.9Ae  55.5Af 38 4Bf >T,>T, >CK, BRI 1 A3, B2 9694 435l

Zhengmai-9694 T, 87.4Ac  64.5Bd  46.9Ce Fext B4R T 14. 8% 47. 4% F132. 0% , 5471 58 43
T 89.7Ac  77.9Bc  65.3Cc o .
Tj 98.6A; © 8Be 77 70 BT RIS T 19. 3% 42. 5% F1 24.2% , P £

AL 58 CK 78.4Ad  55.7Bf  53.1Cd 7 9694 T, ALHR) F= g i 2 = THRRPT 58. Bk A

Aikang-58 T 94.5Aab  82.2Bb  64.5Cc N - 2
I 08 3hs 83 8BL 70,50k PR FI A 60 kg » hm ™ B X548 /822 (1) 38 72 440 R
T, 90.5Abc  74.8Bc 61 1Cc AE.

x4 RAKRFIXEBE 9694 FNiEHT 58 IRREMER == HMN
Table 4 Effects of water-retaining agent on root biomass and yield of Zhengmai-9694 and Aikang-58

INFE T Kb 3R HRZEYE Root biomass (g) Vil s
Wheat cultivar Treatment T Jointing ZpFH Y Booting HEIZ W Grain-filling Yield (kg - hm’z)
A 9694 CK 0.56Ce 2.40Ad 1. 48Be 3354.2d
Zhengmai-9694 T, 1. 08Cc 2.58Ad 1.92Bed 3851. 4c

T, 0. 65Bde 2.41Ad 2.25Aab 4944. 4a

T, 0.77Cd 3. 14Ab 2.34Ba 4429.2b
YL 58 CK 1.18Cc 2.61Acd 2. 06Bbe 3243.1d
Aikang-58 T, 1.10Ce 3.90Aa 2. 09Bbe 3868. 1c

T, 1. 54Bb 2.91Abc 1.57Be 4622. 2ab

T, 1.96Ba 2.91Abc 1. 83Bd 4029. 2¢
3w B KT PE AR R E A BRAC A E R A

PR B, % T R

TR AT AL, IR AR T XU 7 450 R R A 4 B e 2 W 3 R UK

B2 R A A T A P T L SRR AR
FLRE I B4 7K o GG TR AR 2R B i A -
AT AR 2R SR TR /K 28 (AR B £

70 T LA e AR Ay ) R AR T P e 3 P 5
PR R N AR R A 4R S B R
AE. ASIRAS SRR, 1L B 00 e AR X, fRoK
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KR 30 ~90 kg - hm™ B4R & T/NEMR R
TG 77 AR T AR AR TS A AT VA M i, B T
INEZ PR RE .

AN R ZR A PR EAE AN A AE IR —
(22 5. B0 45 O B g 48 1, &R /NEE AR R TG T
B - 87K 7 B AR T 18455 i 41 LA AR 2R 346 77 bl
AR (O RRAR T B AR, T 2l 5 4T W g R W,
7 HR 2R IO 375 P o S Pl A n e B A B e
3G, AR R, AN A B 145 A B/ N A AR R o
JE 75 P BN « 2 R > W I > BT 0 T T
Fram R IR AT IS E SN > 2 R R ARG ) 3R
PR T I > 2R RN SR, 5 DL AR R
JUAH TR, 3 o] B 5 VR 5 R A oG, IR A TRt — 2

AN i 57 5 Ao A B P T (R 7K ) i o e
ARTR). R PLAE DS X H RE R RIF 52 23 B, A7 500 X it
SRR A T R . AN ST R I it AR KR
J& TR/ YT ZEREFNES I A 22 9694 AR R i
IS 35 A AR AP s B8 S0 R 58 R, S 2 9694 FIE T 58
90 kg + hm™ £ 7K 5 Ak % o FEE 575 P 0 AT PR AR
RN TR R RN SR K42 9694 (1) AT i Pk
W R R AT IR S0 2 R TR 58. Bl AR /K 3R FH 4 1
R, FRZZ 9694 MR I 1 WA HE = 5 B 58 60
kg + hm™ A0 3 A% 5, PR KGR & 35 m #] 90 kg -
hm™ AR RIE TR AR EF N, BR 90 ke -
hm 2 AbHA, BT 58 MIAR RIS 3 8 K FHZE
9694. £ L Jrik , RAKFI XA 22 9694 ) 1F AR 55
BEPL 58

PR 2 52 Ml /N 22 R 2R 2 B S 2R i AR
AR AR P . TR W R 2R R, SR BT 58
FRIRS 2R LR W He K TR A2 9694 ; T HE I W), BR T 58 60
190 kg « hm™ &b B A AR R AL 9 o b AR T A 2
9694. ## 9694 FISEHT 58 F=EHILL 60 kg + hm™>4b
FRA Y A X B 4 5 1 47. 4% T 42.5% .
LEA BRI EE T L 60 kg + hm > A0 FE A 457K 5
Jiti FH 8 B AETRVE Fe b SR X, CRK R £ 2% i b
DX R TR /N AR 7l R e el /N AR
FRA PR B SN R B A T T ELA B
YEH.

5% 3k

[1] Motzo R, Attene G, Deidda M. Genotypic variation in
durum wheat root systems at different stages of develop-

ment in a Mediterranean environment. Euphytica, 1993,

66: 197-206

(2]

(10]

[11]

[12]

[13]

[14]

[15]

[16]

Asseng S, Ritchie JT, Smucker AJM, et al. Root
growth and water uptake during water deficit and recove-
ring in wheat. Plant and Soil, 1998, 201 . 265-273
Xue Q, Zhu Z, Musick JT, et al. Root growth and wa-
ter uptake in winter wheat under deficit irrigation. Plant
and Soil, 2003, 257 . 151-161

Shan L (1lI ), Chen P-Y (Bf¥57C). Physiological
and Ecological Basis for Dryland Agriculture. Beijing:
Science Press, 1998 (in Chinese)

Sharp RE, Poroyko V, Hejlek L, et al. Root growth
maintenance during water deficits: Physiology to func-
tional genomics. Journal of Experimental Botany, 2004,
55. 2343-2351

Yang L-L (#3i#R) , Li Z-) (ZEPi#) , Deng J-L (X
JE8H]). Development status and trend of super absorbent
polymers. Materials Review ( #4 K} #), 2005, 19
(6): 42-44 (in Chinese)

Li Y-Y (ZEFBt) | Huang Z-B (3% diut). Micro-irri-
gation membrane — A new micro-irrigation technique.
Water Saving Irrigation ( 5 /K #EWE) , 2001(3): 4-6
(in Chinese)

Wang Y-F (VEW &), Li M-S (ZE/% M), Song J-Q
(REH), e al Study on effect of absorbent on soil
aggregates and ratio of soil bulks expanding. Chinese
Journal of Soil Science ( T 3EiE ), 2009, 40 (5):
1022-1025 (in Chinese)

Cao L-H (EANAE) , Zhao S-W (& 1fF), Zhao Y-G
(X)), et al. Study on improvements of modifiers
on soil water-stable aggregates and its mechanisms in ae-
olian sandy soil. Journal of Soil and Water Conservation
(K R FF2EHR) |, 2007, 21(2) : 65-68 (in Chinese)
Sojka RE, Bjorneberg DL, Entry JA, et al. Polyacryl-
amide in agriculture and environmental land manage-
ment. Advances in Agronomy, 2007, 92. 75-162
Caesar TC, Busscher W], Novak JM, et al. Effects of
polyacrylamide and organic matter on microbes associat-
ed to soil aggregation of Norfolk loamy sand. Applied Soil
Ecology, 2008, 2. 240-249

Yang Y-H (%K #), Wu J-C (& 4k/&), Wu P-T
(REHF), et al. Effect mechanism of straw mulching
and water-retaining agent on soil structure, evaporation,
and infiltration process. Science of Soil and Water Con-
servation (PR L ORFFR) | 2009, 7(5): 70-75
(in Chinese)

Dong Y (& &), Guo S-H (ZBZI#%), Zhan Y-L
(W H1). Polyacrylamide effects on soil amendments.
Chinese Polymer Bulletin (B THiR) , 2004(5) ; 83
—87 (iin Chinese)

Yang Y-H (#7K#%) , Zhao S-W (@& tHf5), Huang Z-
B (% 5%k) , et al. Study on water conserving ability of
multifunctional water absorbant. Agricultural Research in
the Arid Areas (T X AL AH5Y) , 2006, 24(5) .
35-37 (in Chinese)

Yang Y-H (#KH), Wu J-C (iR4k/K), Zhao S-W
(BtAF) , et al. Effects of PAM on soil retention wa-
ter. Journal of Northwest Agriculture & Forestry Universi-
ty (Natural Science) (PYILARMBIEE K 2F224R - HER
Bl2ziR) , 2007, 35(12) ; 120-124 (in Chinese)
SunJ (#h  #E), Xu Y-C (#%FH%) , Shen Q-R (L H:



78 VAR I SO S 2%
%%), et al. Effects of soil covering on solar greenhouse [28] Xiao L-T (%R %), Wang S-G ( £ =#R). Plant
pepper water use efficiency and soil nitrate N and availa- Physiology Experimental Technique. Beijing: China Ag-
ble phosphorus contents. Chinese Journal of Applied riculture Press, 2005 (in Chinese)

Ecology (N JHEZS2:#]), 2001, 12(5): 731-734 [29] Liu H-L (X J8) , Zheng G-Z ( #B¥ER), Guan J-F
(in Chinese) (KZ4), et al. Changes of root activity and mem-
[17] Zhang Y (5K #5), Zhao S-W (&), Liang X-F brane permeability under drought stress in maize. Acta
(M%), et al. Effects of super absorbent on growth Agriculturae Boreali-Sinica (f24LAR2EHR), 2002, 17
of potato and soil water utilization in the mountain area (2):20-22 (in Chinese)
of Southern Ningxia. Agricultural Research in the Arid [30] Ge T-D (E{&iK), Sui F-G (B /L), Zhang J-Z (5K
Areas (T 531 XA BF5E), 2009, 27(3): 27-32 40) , et al. Response of leaf and root membrane per-
(in Chinese) meability and leaf water to soil drought in maize. Acta
[18] Lin W-J (AMRCAR), Ma H-C ( i) . Effect of hy- Botanica Boreali-Occidentalia Sinica ( VidUAEY)2A4R) |
drogel on physiological biochemical characteristics of 2005, 25(3) : 50-51 (in Chinese)
Photinia serrulata under drought stress. Guangdong For- [31] Zhang C-H (5kFH), LK (ZF R), Cui Y-Z (£
estry Science and Technology (J"HRMIBE ), 2009, K, et al. Effect of air-drying on vigor of Melia
25(1): 27-31 (in Chinese) toosendan seedlings in dry-hot valley of Jinshajiang Riv-
[19] Sun G-R (fME3ZE), Zhang R (7K %), Jiang L-F er. Forest Research (MOl FFHF#BFZE), 2006, 19(1) .
(LW ZF), et al. Water metabolism and changes of 70-74 (in Chinese)
several osmotica in leaves of Betula platyhylla seedlings [32] Belanger RR, Manion PD, Griffin DH. Amino acid con-
under drought stress. Bulletin of Botanical Research (#H tent of water stressed plantlets of Populus tremuloides
YIwtst) , 2001, 21(3) : 413-415 (in Chinese) clones in relation to clonal susceptibility to Hypoxylon
[20] Wang X (£ ), Hou P (£ ), Yi L-K (4K mammatum in vitro. Canadian Journal of Botany,
%% ). The adaptation mechanism to drought stress of 1990, 68. 26-29
plants. Arid Zone Research (T 5 IXH#F5%), 2001, 18 [33] Liu F-Q (XH#), Lu G-Y (BEE %), Han S-J (¥
(2): 42-46 (in Chinese) H{#) , et al. Effect of water-retaining agent on drought
[21] YuH-Y (R43%), Deng S-Y (XFEE), Yin Y (F resistance of seedling sugar-cane. Guangxi Sugarcane &
i), et al. Effect of water absorbent on physiological Canesugar (J  PHERE), 2006 (1) : 14-18 (in Chi-
and biochemical characteristics of super sweet corn seed- nese)
ling under water stress. Journal of Maize Sciences ( K [34] Tian N (FH  %B), Zhang L (5K 7§), Jiang H-D (YL
Bl2£) , 2006, 14(3) : 87-89 (in Chinese) WEZ5) . Effect of water-retaining agent on the growth and
[22] Luo W-K (Z'4ERRE). Effect of water retainer on sugar- physiological metabolism of Sedum sarmentosum. Pratac-
cane growth and yield. Subiropical Agriculiure Research ultural Science (¥ BI:) , 2009, 26(2) ;. 120-123
(G AL BFFE ), 2005, 1(1): 27-29 (in Chi- (in Chinese)
nese ) [35] ZhaoM (X %), Gao H-D (FH&%4), Cui Y-H (£
[23] Tan G-B (FEEJ), Bian S-F (J4/0l&) , MaH (& E 7). Effect of water absorbent on growth, develop-
WT), et al. Effect of super absorbent resin on the rate of ment and yield of maize. Journal of Maize Sciences ( %
maize emergence and soil moisture. Jilin Agricultural KBl2#) |, 2006, 14(6) : 125-126 (in Chinese)
Sciences ( AL FIF) , 2005, 30(5): 26-27 (in [36] Liu D-Y (XUB{#), Shi L-Y (f137.% ), Huang B-R
Chinese ) (HEHHL ), et al. Research of cultivation methods on
[24] Guo J-N (5¥5:F), Liu C-H (XI5214), Feng Y-B root system, root vigor and plant characteristics in winter
(XM, et al. Effects of HB super-absorbent poly- wheat. Scientia Agricultura Sinica (WP E ARV B2 |
mer on leaf water potential and malondialdehyde of gra- 1993, 26(5) : 51-56 (in Chinese)
pevine. Journal of Fruit Science (F:H#2:3), 2005, [37] Wu B-X (% #F). The positive correlations between
22(1): 72-74 (in Chinese) the activity of superoxide dismutase and dehydration tol-
[25] Tian M-Y (HZW), Li D-D (Z=)4)}) , Dai T-B (¥ erance in wheat seedlings. Acta Botanica Sinica (1%
L), et al. Morphological and physiological differ- FHR), 1985, 27(2) : 152-160 (in Chinese)
ences of wheat genotypes at seedling stage under water [38] Liu Z-F (X|F L), Liang J-N (Z:3TR), Tan Z-W
stress. Chinese Journal of Applied Ecology (N JHEZS2# (W 3C), et al. Effect of water-holding agent on
#i2), 2010, 21(1) : 41-47 (in Chinese) drought resistance in sugarcane. Sugarcane (H JE),
[26] Shan C-J (FRK%:), Liang Z-S (ZE5241). Effects of 2004, 11(2): 11-15 (in Chinese)
soil drought on root growth and physiological characteris-
tics of winter wheat seedlings. Chinese Journal of Eco-
Agriculture (W EAELO A=) , 2007, 15(5) : 38- EBEN  BAOE, B ,1978 4 MR s EEMNE L
41 (in Chinese) AR S WARRIWAFGE, &£ 30 &5, E-mail; yan-
[27] Li H-S (Z=4&4). Experimental Principles and Tech- gyongh@ mails. gucas. ac. cn

niques for Plant Physiology and Biochemistry. Beijing:
Higher Education Press, 2000 (in Chinese)

REHE KR




