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1.1 RBigit
HEAERGEHNEEB RS (HUREMNESEH
WHERAFRE). HT20.1% HeCl, I FFE M2t
R ZERDEEE-HEAHEF . REBA
I2RLEXRB(SERRRBZLERBEEAR
7, BUIEE) , BRI T (mol/L) :K,S0, 7.5 x 1074,
MpSO, 6.5 x 107#,KCl 1.0 x 107, KH,P0, 2.5 x
10-*,H;B0; 1.0 x 10-%,MnSO, 1.0 x 10~%,CuS0O, 1.0
x10-7,ZnS0, 1x 10~%, (NH,)s MO;0, 5.0 x 102,
Fe- EDTA 1.0x 10-*), %% NO,” -N.NH4, -N &
H50%0 1 mmol/LIBAE,BEFEEMN~L)F,
BEEKBI-BHEBREGWIHRERP.
BEBROPNMERABR, BIMERERI1SLE
ARk, BHROBREHINI AR, 80 4
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R(NH,* -N.NO,~ ~N £ 50%). REEHKE
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B8 %

A& PEG W—RI(BHKRFKX), & PEG A—M
(BHKARX), e M E, IRFELBHTRER
F1,BM0ESKER. B, BN CaCOs LIRFF
B pH EHKBE, MANTEIEN NH* - N
WwumuA, BMERLBRY, BXRHEFME pH

£6.3:0.1,24hil8, B4dEHB 1 KEHHK. A
BACHITRMCRE, HTHBRY 180 pmol/(m®-
s),BE 28°C/20C, KR AN 12 W12 he K2
BALTE 16 d [E R E AT

F1 TBABHR
Table 1 Design of experimental treatments
Rid i3 X PEG MHBE jm PEG MR E
Mark Treatment Root compartment without PEG Root compartment added with PEG
AWEXEEER 1] HRARERR
HT KERRX M ?5%,“ Nutrient solution with mixed nitrogen supplied as fﬁ%&i}gﬁi&;ﬂic 3 PEG
Nitrogen ixed nitrogen 50% NO,~ - N+50% NH,* - N utrient solution without nitrogen +
el g AMSRMERR & RAE W + PEC
X7 m: M ;- Nitrate nitrogen Nutrient solution with NO;~ - N Nutrient solution without nitrogen + PEG
compartment HEXR REERHERB AE BB R + PEC
AT Ammonium nitrogen Nutrient solution with NH,* - N Nutrient solution without nitrogen + PEG
AHEE-EBEAR 11 HRAEE I + PEG
HY i ﬂﬁﬂ *?ﬂm‘g?ﬁ&.m 3 Nutrient solution with mixed nitrogen supplied as
7];‘}(,EE Mixed nitrogen Nutrient solution without nitrogen 50% NO,~ — N+50% NH,* ~ N, and PEG
itrogen
X supplied to WX FEEMNERK BHWEXNERA + PEG
Y ater d  Nitrate nitrog Nutrient solution without nitrogen Nutrient solution with NO;~ - N + PEG
compartment
HEX FREMERE RESHOERE + PEG

AY

Ammonium nitrogen

Nutrient solution without nitrogen

Nutrient solution with NH,* - N + PEG

B EE S KER o Note: Each

1.2 WEmA
1.2.1 A% F HEHEEEETFISCHAPIE
30 min, BB E OCHEEERFHE,
1.2.2 #5#AA%E HENPKISBHNUE:
KA HS0, - [0, HEE . HP2 NAIEFALR
EEM(FL BUICHDRE; £ PHERBERN K
BENE ;2 K RAETRES X EE TR,
itk Ca.Mg.Fe & B H¥IE : X A HNO, - HCIO,
HES, BFRESEHETENE,
REREAK AL EEETREMBEANY
HEUEREKTEEER, TEFIFARER,
1.3 HizaE
B SPSSI13.0 #HATHH £ F1 LSD &
EHB(a=0.05), AMAEZRERHEEHE,

2 #R5v%

2.1 RBREAERENIRDELEDRHTW
BB AR, /-2 SEE T AR KL
BREVERTRKARELE, XWHEHTFKR
RERHEEHEXRSEBRE—RRRZEZKTH
B ERB—MRAKRYUER , NS H R
H YR K 53 DL R 3R 43 (9 B e T K 85 X A Bk 4h

with five repli

HFRRRERZDNT M, 5 50 R K4 e A&
Freis , AT E THEKEK. EXRARRREA
KRAREKEFMT , ARANRIBSZE LREH , Hk
ETEUREE SR &S BT KRFER,
HEARERXEZHT, XY AY L E 2 A # 2 R H A
(B, ARESARENEYERKRANEHE S
REME, —BELTHYEKE NH* - N
NO,;" -NEBEGABFRTHEBRALBRENEY %
o, MEERSMERNEYERNER
AARGHRED AIMEBES AT LEAR
R X EA R R &G T XEDHERBRA D DH
R AREXKAREXTENAE. FHRERA,
NH*-N#HEYHERERAFARIHREN
BRBLER. B THERSBERA R L3 E
KEEWEMNL -NELHHBRP ARSI AR
MERE M EMEE, NS THYNEK,
ARAREETHYMERZRSEAARIMNESR
LEENXR ESRa Mt B A A%
ROHMEKER. B EREUESRAE—K
BTHHEGTFERSORACEVATENRE
F#2 RBFRA R, NH,* 0% BOB N R E,
REREEEED WHHEKER,
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Fig.1 Interactive effects of water and nitrogen supply on total

biomass of maize seedlings under partial root-zone water stress

E:BPELRARFSENERBE(2=0.05),

Note: Different lowercase letters above the bars indicate significant dif-

ference at 5% level.

2.2 RBHEAEBANEXRY & FL R B
2.2.1 ReyBMAA 1 EIS B KEUKKR
FIXEFHEAKARXAE, BE&SRLEK K
FHEMHERALHE, BERARE; EKE AR
REBRLERERMBR(ER) . REAFTHEAI AR

B, KERXNEAMNRAAKRER TARRRH
PR R B, PR 2.2 65, FIHRAR
L, kKBARARMABEARTRKERKLENGE Xt
FARGMEMBRENERERE RN, KARXL
BHARTAKEARRA BN BEE, ARGESALRE
ERARE., EREREERVKSMra 2R EY
MR, BRI E JE K A B MR 3 T RA N BB
B Flet RARERYEARBHHEBRMNTE,
7 — R WA BT DA B 3 R A58 (R R AR R
RERS), AN ERHAREUKRARK
BTFRKARR, FAEESTHAEE 2.4 5(HY
5HN)ZE 1.6 F(AY 5 AT), UMM NESERT
WESEMBERE, SHEERNMNBERARERR
BERHERX(R?=0.91,r=0.954"" ,n=6), WAL
AMETEATREANMARE, XTEEEN
EEYFSBRNIZHNFRT, BE S RKHFES
AHRCRTFEMFRIET . EFRSEAREHHELR
T EFERAFFBAAREREMESIEER
FEK BHELYEREINENTESRERS
R R R 4],

R REREAERANEXG AR CRRAALENER
Table 2 Interactive effects of water and nitrogen supply on N content and use efficiency

of maize seedlings under partial root ~ zone water stress

5 R P (mg/g)

. B LREBR N comcontration st ot HAEARE xR HA TR R
Total N content Increment of N N use efficiency

Treatment of shoot % PEG M PEG M (mg) (mg) (&/8)

(mg/g) mg mg &8

mg/g Non - PEG side PEG added side

HT 41.22x1.31a 33.13+£1.03 a 18.20£0.56 ¢ 187.59£8.97 a 179.64+8.97 a 26.07+0.87 f
XT 31.64£0.90b 29.37+0.95b 15.48+0.09 d 115.85£5.73 b 107.90+5.73 b 38.31%1.27 ¢
AT 22.7120.36 ¢ 18.8720.38 ¢ 11.36£0.15 87.66x1.75 ¢ 79.71:1.75¢ 45.78+1.12d
HY 18.84£0.40 d 18.75+0.48 ¢ 14.430.48 d 66.38+1.76 d 58.43£1.76 4 62.75+0.93 ¢
XY 18.31£0.47d 8.62+0.13 g 11.69+0.35 ¢ 52.79+3.08 de 44.84+£3.08 de 67.15%1.98 b
AY 16.06+0.40 ¢ 10.16 £ 0.50 fg 10.01£0.15 fg 47.2921.17 ¢ 39.3421.17¢ 71.4321.558a

E:BEERTAANEFGENERBE(=0.05), TEH.

Note: Different lowercase letters beside the data denote significant difference at 5% level. The following table form is the same.

2.2.2 SHeRMAA HBEITR,KEFRXHEMN
THERLEXDERT B EHIBEMEE BN
HEBEOEMNK, TEHERMEELSRAEF . XIRHER
FEETHRKAEMHERT ., KEREKEHKT
EEAWY)BRBERAXY) b EB FERKERE
BEHMHZR BHETRAALEHY) YRR
BKERXEESLHE, THEGTERNBERR
R RAE, MABKESGRY, BILKARAK
ERRX, BT AY &35, AP E Y AW
BFRERN, TRERAEKERENFETH

MTXMBEHNREMEAR, RNBEAERTH-EMR,
EERBEMNMBRABRKERTHERARNH]
R , 3% B Gk 75 AR X2 58 % 4 TR, TT S R AL Rk
M FEESEE  ATERBHVE, R mAR
FHRE® SHBAESAMHBRERKERS,
BHERSHEBEKARRARARLSLERNEE
BEAEMNER, BETHENKARRLE, £9
KEREFHFREARE, HEBEOMARRSH
IR EEREEAMAL (R =0.87,r =
0.933" " ,n=6),3 Ll AT.AY. XY L EHRK,
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Table 3 Interactive effects of water and nitrogen supply on P content and use efficiency

of maize seedlings under partial root - zone water stress

b BB

TR B BE (me/g)

- pLEBmE P concentation of o BARE 2T R A
eh Total P content Increment of P P use efficiency
Treatment of shoot X PEG M PEG M (mg) (mg) (¢/mg)
(me/e) Non - PEG side PEG added side
HT 4,53120.140 b 4.339£0.129 cd 5.128.0.180 b 21.787+0.755a 19.965£0.755 a 0.236£0.009 ab
XT 3.973+0.066 ¢ 4.184:0.051d 4.781£0.176 be 18.116 £ 0.716 be 16.294 £ 0.716 be 0.255+£0.011 a
AT 4.801+0.038 b 5.047£0.153 b 5.913£0.151 a 19.954 £ 0.615 ab 18.132£0.615 ab 0.202+0.007 b
HY 3.992:0.275 ¢ 5.223:£0.122b 4.084+0.157d 16.624 £ 1.040 ¢ 14.802+1.040 ¢ 0.253+£0.018 a
XY 5.454£0.070 a 4.976+£0.158 b 4,438 £0.090 cd 16.856+0.702 ¢ 15.034+0.702 ¢ 0.202+£0.009 b
AY 5.409:0.204 & 4.482+0.072 cd 4.474+0.234 cd 15.81720.315 ¢ 13.995:0.315 ¢ 0.201 £0.005 b

2.2.3 HHEAKAR BERIFHNBRERES
FHRMUAERERE FAERRAEZI, KB
REALET RGN EHBOREREA
(&R 4), ARAABEZRALE, UESALE
HETHENESALE AHAEAKASRENT
ERBIUBEKTE. RERAKRESHRHA, KEF
RAER T, PEG 48 7 40 ¥k B 5 3 F 2 LR (JE

TK 43 B8 0 ) , T BB R K 2 38 T Gk LR AR 53 TR
EMFPHRYGTAEARRX T REES R MW
(PEGHDMAHKER TX PECH, KEWRHAR
SHFEMBRAERELER . EHBRMHFHEUK
RAARETHENKARXAHE, B&SEALAER
R BTN AARERY, RATEERT XT 4
BN HEABERLEERESR,

R4 BEHERARBRAVEXRGEASREMANENES
Table 4 Interactive effects of water and nitrogen supply on K content and use efficiency
of maize seedlings under partial root — zone water stress

R (mg/g)
. MLBREX K concentaton of rot sanE T " HRRK
Total K content Increment of K K use efficiency
Treatment of shoot % PEC M PEG ( (me) (¢/mg)

( ) mg) mg g/mg

mg/g Non - PEG side PEG added side
HT 95.394+1,057a  33.103:0.808¢  55.043:0.638a  0.41520.015a  0.393%0.015a  11.99320.450 ab
XT 91.930£1.057ab  25.14220.654d  54.415£2.450a 0.37920.015s  0.357£0.015s  11.630£0.482b
AT 85.321£1.231 b 35.5566+0.827c¢  53.307:2.887a  0.288£0.010bc  0.267+0.009bc 13.72420.480 a
HY 82.35£3.334 ¢ 36.341£0.198¢  36.954:0.924c  0.301£0.005b  0.279:0.005b  13.11620.222 ab
XY 90.353+1.454 ab  41.045:0.440b  42.736:0.597b  0.25620.017cd  0.2352£0.016 cd  13.01920.941 ab
AY 83.115£2.058 ¢  34.24921.393c¢  43.801:1.836b  0.235:£0.006d  0.213:0.007d  13.20720.403 ab

2.2.4 BABRKAR HRSTR,LERKRRA
RERAAFKAE, WMERAERMEBRRET
EHREEBAEHERE FEXTEERT XY £
B, BRES RS, L ERSR TR R RS 56 %
BWERSHRERRAEERNE W RAEBEES
TR, K ER RS T, 875 B AR PR R 45
BRI, R RS R M B E® TR BEM; KAR
X Bk R 2 A T 2K S Bt a6 00 B R0 AR R 000 O B 412 53k
BEZMBANRR FUMSRENUERE, &
EEBNSHELUKRRXE FHENKER X4
B HUMSRAATREAAKRTESA, XWHR
NH,* X FC AL BB F i Rl = A= #5 B0 E R, T NO, ~

MMR 3 BB TR, 5 —F 1, N, BB K
HOAEHEEFHER, BRSO ANE
=W, EHARBUBNMBEESARTESAME
AR, 5 EFERESREAME(R =
0.83,r=911" ,n=6),

2.2.5 HHRKAR BEUTNW, M EIHISEN
REUARARARRFAEREAE, FHRE 1.4
fFUAY RERE, BASERESHERHA,FAL
B A NKELRUE PEC 5 T PEG M), i8I K
SN LB RMBEREMERE X AR EZE K
HERE, KR EEE T, U4 24L& 5 0l %k
ERE, ESRRME, KBREFHET K6 0%
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BEZEBAEEREZR , MEKIBEMURE
REE ESAESHERLBHNEA BERNER
BEERUARARREERTHUAMKARE L
O 1.7~2.2 6%, BES R AL A FAH R 9

%S

MERABESEAHE EHBESLAEENEHEA,
BHRENAANRSHKB ETEREEREER
HX(R*=0.94,r=0.970""* ,n=6),

RBREAARSHEXRSAESIREMAYENER
Table 5 Interactive effects of water and nitrogen supply on Ca

and use efficiency

of maize seedlings under partial root ~ zone water stress

1R 5 B (mg/g)
- mLmERR Ca concentration of ot BaEk EnR EHARE
Total Ca content Increment of Ca Ca use efficiency
Treatment of shoo % PEG PEG 0 (mg) (mg) (&/mg)
(mg/g) Non - PEG side PEG added side
HT 1.039 £ 0.047 be 0.769 £ 0.030 efg 0.880+0.054 de 4.342+0.031 b 4.056+0.031 b 1.156+0.009 a
XT 1.449+0.016 a 1.406 +0.082 a 1.106+0.016 b 5.978+0.142 a 5.692+0.142 a 0.728+0.018 ¢
AT 0.949:0.029 ¢ 0.882£0.056 de 0.940+0.039 cd 3.755£0.173 ¢ 3.469+0.173 ¢ 1.062+0.053 a
HY 0.941£0.023 ¢ 0.647£0.014 fg 1.035+0.016 od 3.469+0.088 cd 3.183+0.088 cd 1.15420.033 a
XY 1.14320.066 b 0.641£+0.015 g 1.218+0.023 ab 3.822+0.338 be 3.536+0.338 be 0.876 £0.086 be
AY 1.030£0.027 be 0.788 £0.028 ofg 1.124+0.086 b 3.056+0.108 d 2.770+£0.108 d 1.019+0.040 ab
%6 RBHAEARBENEXYHLECBREMNARENER
Table 6 Interactive effects of water and nitrogen supply on Mg content and use efficiency
of maize seedlings under ial root ~ zone water stress
ngs
R (me/g) :
i Me conoomration o ot BERE R SR
i3 Mg 3
Total Mg content Increment of Mg Mg use efficiency
Treatment of shoot % PEG M PEC M (mg) (mg) (&/mg)
mg/g Non ~ PEG side PEG added side

HT 3.275+0.185 a 2.809+0.209 a 1.606+0.089 ¢ 15.894 £0.400 a 15.340£0.400 a 0.306+0.008 ¢
XT 3.499£0.030 a 2.989+0.015a 1.120£0.042 de 15.077£0.462 a 14.523+0.462 a 0.286£0.009 ¢
AT 3.476£0.026 a 1.381£0.035 ed 1.002+0.016 f 12.051£0.417 b 11.49720.417 b 0.318+0.011 ¢
HY 2.609+0.068 b 1.783+0.093 b 0.854+0.083 ef 9.329:0.312 ¢ 8.775£0.312 ¢ 0.419£0.015b
XY 2.488+0.042 b 1.131 £0.038 de 0.734+0.044 f 6.859+0.338d 6.305+£0.338d 0.482+0.028b
AY 2.206£0.057 ¢ 1.026 £ 0.066 e 0.745+0.016 f 5.516£0.259 ¢ 4.962+0.259 ¢ 0.571+£0.033 a

22.6 #HTMAR BEBLEKOREUKR 2®. FETEBITR, BRARKEKUSRER
FRENAGTESENHSALEFETESRAY FEHIH NS REPERELSGHER.RT
BAKRRARAE(RT);BEFEOEER BT AT B, K ELE LKL ME MR RERE

£7 RBRRARBANEXSECSREMARENEN
Table 7 Interactive effects of water and nitrogen supply on Fe content and use efficiency
of maize seedlings under partial root - zone water stress

o REWE BREHE (mg/g)
s Fe . Fe concentration of root EEER Bk LR ARE
T Total Fe content Increment of Fe Fe use efficiency
reatment of shoot % PEG M PEG M (mg) (mg) (S/mg)
(mg/g) Non-PEG side PEG added side
HT 0.19220.004 b 0.625+0.010 ¢ 0.513+£0.015 f 1.446+0.042 b 1.161+£0.042 b 4.061£0.149 &
XT 0.206+£0.003 b 0.686 2 0.043 de 0.626+0.016 e 1.60320.078 a 1.31820.078 a 3.168+0.182 b
AT 0.211+£0.004 b 0.825 £0.050 be 0.909 £ 0.034 ab 1.420+0.022 be 1.135+0.022 bhe 3.216£0.062 b
HY 0.204 £0.006 b 0.768 £0.022 d 0.523+0.016 f 1.253+0.045d 0.968 £0.045 d 3.809+£0.167 a
XY 0.259+0.006 a 0.987+£0.044 a 0.705 £ 0.029 de 1.393 £ 0.066 bed 1.108 £ 0.066 bed 2.747+0.168 b
AY 0.261 £0.006 a 0.859+£0.022 be 0.675+0.025 ¢ 1.269+0.043 cd 0.984 +0.043 cd 2.8711£0.126 b

v
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BFASEMRER, LIRS RLEEHFRRER
BWERNEE, XETRRGTRARRAETHE
BRAEYRMM(E 1), SRR ER—E BRI,
FrELR A BAL BT SRIE & SO R BER IR FRAEK
SEGTHERAESHBEE; —BRMF NH* &3
Rt B FRRE™ERAER BREXREN
GARAEIEA KA R A KRR, A2
B4 NH AR TFEAR T O ERL b £ RS
HEmel, BREAGRNGAEBEUARARARR
FAASK HUMMHHSALERETOKAR
RF)RERERTOKARART)&SALE, X5
WA AR B AEK OK AR X) 2R AR 2% FH & F R (k
ARRK)AX;RA—-RESTHRAAREEKARK
MARARAXELEBERZR, RIS ZHELE, &F
FMELURBEALER THERRESALER,
5 b B E 2 F A BE AR,

3 4 &

ERBREKSBET, SKERRHEL, KA
AEEMTFEXGEERK, A—-BAESEMTRIA
AFRRABEMEYRE FRKEARXLE; FRAE
SHE BAAEATREEXRGHAEK HKED
BEXH MENEZSANEREYREEK. AAY
BEREMNRE.AHEMAAERRAKEBALE
TEAERNABREA—B. AHEA.B.H.5.
BELAENEERRTHEAESHAKARK
A3, BAELOHEMET RAMRUEE S ; HxX F&
B MSARATHKA BB SERMYEN
B, MeESRAEEETRABRER I BRE.
BHFANES S EMREMRERTKZ 0, HAh
HAMARREE L SHM LRI EFIRENR
HEHRIEE(r=0.91~0.97),
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Interactive effects of water and nitrogen supply on nutrient absorption and
utilization of maize seedlings under partial root — zone water stress

WANG Xu-ming, ZHANG Zheng, WANG Hai-hong , ZHU Peng-fei, WANG Xin, SHU Liang-zuo”
( School of Life Science, Huaibei Normal University, Key Laboratory of Plant Resources and
Biology of Anhui Province, Huaibei, Anhui 235000, China)

Abstract: Effects of nitrogen form and its application position on nutrient absorption and utilization of maize
seedlings under partial root-zone water stress were examined by using solution culture technique. A split-root system com-
posed of two root compartments was used . Polyethylene glycol (PEG6000) was added to one root compartment simulating
partial root-zone water stress. Nitrogen was set as three forms (50% NO;~ - N+50% NH,* - N; NO;~ —=N; NH,* ~
N) and supplied to just one root compartment ( water-stressed or non-water-stressed-compartment) . Plant biomass and
nutrient concentration were examined when plants were harvested. It showed that, plant growth, total content and incre-
ment of N, P, K, Ca, Mg, Fe in plants were improved when nitrogen was supplied to non-water-stressed compartment
compared to water-stressed one. Comparing to other nitrogen form, the growth and nitrogen absorption by plants treated
with mixed nitrogen were the highest. Supply of nitrate increased absorption and increment of K, Ca, Mg and Fe com-
pared to ammonium nutrition. Nutrient use efficiency was oppositely correlated to its concentration in shoot in most case.

Keywords: partial root-zone water stress; nitrogen form; nitrogen supply position; nutrient utilization; maize

seedling

(EBE 2 R)
Effects of no-tillage with different corn stubble treatments on

topsoil structure properties

ZHANG Wen, CONG Wei-wei, ZHAO Hong-liang, YI Ying, HOU Li-bai
( Agronomy College , Shenyang Agricultural University , Shenyang 110161, China)

Abstract: Based on no-tillage with ridge way of com in cold, windy and sandy areas in Northeast China, through
the fixed-point experiment of conservation tillage in Zhangwu County from 2003, the effects on topsoil (O ~ 30 cm) struc-
ture properties under three different kinds of com stubble treatments of stubble mulch(SM), stubble coverage(SC) and
Elimination of stubble(ES) were studied comparatively. The results showed that the treatment of SC to improve the soil
structure properties was performed obviously. On the soil layers of O ~ 10 cm, 10 ~ 20 cm and 20 ~ 30 cm, >0.25 mm
water stable aggregate content and aggregate stability were SC > SM > ES, and they decreased with the soil depth increas-
ing. In different soil layers, soil bulk density showed ES > SM > SC, soil total porosity showed SC > SM > ES, and it
showed a decreasing trend with the deepening of topsoil . In different soil layers, the sand content of SC was less than that
of SM and ES, but with topsoil getting deeper, the clay content of each treatment showed no regular change.

Keywords: no tillage; com stubble treatment; topsoil structure; soil aggregate



