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Abstract To study different mechanism of osmoregulation of rice under water stress and supplied with NH, -N and
NO; -N,a hydroponic experiment of partial root under water stress simulated by PEG (6000) was conducted to analyze
and compare concentration changes of main osmo-regulation substances. The result showed growth of rice partial root
under water stress was not significantly affected when supplied NH, -N. The concentrations of soluble sugar and free
amino acid in partial root under water stress were increased by 64.5% and 167% . In addition, the soluble sugar
concentrations in xylem sap and phloem sap were 243% and 42.2% higher than partial root under normal water level.
However, partial root under water stress was obviously suppressed when supplied NO; -N nutrition. Although, the
concentrations of soluble sugar and free amino acid were 46.4% and 73.9% higher than partial root without water
stress. The soluble sugar concentration in phloem sap was found to decrease significantly. However, biomass of partial
root without water stress was obviously larger than any partial root under normal water level supplied with NO; -N,
which was in line with its markedly higher soluble sugar in phloem sap. In conclusion, rice could successfully resist water

stress through osmoregulation with NH,;” -N nutrition supply. This could be called “drought endure”type. However, when
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supplied NO; -N nutrition, rice chose to avoid water stress after failed osmoregulation, which was called *drought

escape”type. Rice growth would be obviously restrained when no way was possible to escape water stress.

Key words rice; water stress; split root; various nitrogen forms; soluble sugar; free amino acid
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Fig. 1 Schematics view of split-root system
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(b) under various forms of nitrogen and water stress
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Table 1  Soluble sugar, NH{ and NO; concentrations in rice root xylem sap under various forms of nitrogen and water stress
Ak 7 AR AR

Treatment Left root Right root

CIR-3cdi ¥ NH; / NO; / ALY/ NH; / NO; /

(pg/mL) (mg/L) (mg/L) (pg/mL) (mg/L) (mg/L)

Soluble sugar Soluble sugar

A-A 2.51F1.02 ¢ 8.10+0. 44 cd 1.18£0.04 d 2.35+0.91 ¢ 7.3014+1.26 d 1.20+0.22 d
A-AP 3.41+0.57 ¢ 7.49+0.10 d 1.13+0.02 d 11.70£2.07 a 9.96+0.09 ab 0.68+0.11 e
AP-AP 11.47+2.36 a 10.944+1.15 a 0.67+0.07 e 12.0743.47 a 11.0941.53 a 0.73%0.11 e
N-N 2.13+0.57 ¢ 3.47£0.56 e 3.4240.22 a 2.51£1.02 cd 3.06+0.88 ¢ 3.14740.40 a
N-NP 3.03£0.94 ¢ 3.13+0.31 e 3.28%£0.27 a 6.80+0.69 b 8.22+0.52 cd 2.2940.12 b
NP-NP 6.65+2.76 b 8.37+0.45 cd 1.6440.39 ¢ 7.55+1.70 b 8.87+0.22 be 1.9540. 25 be

TE 3R P [ — 48 b5 7 51 AR h R TR /NG RS 25 A0 BEAR R 1] 35 1 25 22 5K F (P<0. 05) . R Tl

Note: Different small letters in two columns of the same detected index indicated significant different among roots of treatments(P<C0. 05).

The same is as follows.
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Table 2 Soluble sugar and NH]" concentrations in rice root phloem sap under

various forms of nitrogen and water stress

Ak 3 R PAR I
Treatment Left root Right root
CIRCE AL/
NH; / NH; /
(pg/mL) (pg/mL)
(mg/L) (mg/L)
Soluble sugar Soluble sugar
A-A 80.745.97 de 0.0224+0.003 b 73.1+5.20 e 0.023740.004 ab
A-AP 75.3£5.07 ¢ 0.023+0.001 ab 107.1422.60 cd 0.02440. 001 ab
AP-AP 109.3411. 20 cd 0.02540. 003 ab 111.6£22.70 ¢ 0.02540.002 a
N-N 260.1442.00 b 0.00840. 004 ¢ 253.24+24.50 b 0.00940. 002 ¢
N-NP 307.2+8.15 a 0.009+0.002 ¢ 76.0+£20.90 e 0.010%0.002 ¢
NP-NP 81.5£5.93 cde 0.008+0.002 ¢ 73.3+1.81 ¢ 0.008+0.002 ¢

3 3 i

3.1 FEWR R KS I E KB F S iRIE S 6

TYITE K 53 38 T RE A AL R K E B & W 1T )
T L vy 35 A R 0 R TR ) DT R UE UK A 5%
AN BT A0 M R A DL S A 4 T AR IE AR BRAR
W B A IR F AT FEARRR S L SRR AR &
27K 43 W L T8 9 41 10 fef RO A5 R % (NH, N 5
NO; -N) K A bbb 38 A= 9 1 R oK 32 3 B 5%
W, A€ SE AT AR FT H B IR B R AR &R K 3 T 38 I %
AR 5 e i R G A R L e A R CRAL
S RE AN M ] BR CO, e BEAEDN . I SR AR &R
32 F K23 30 I 2K R 3L RE A5 4 1 1E 0 A KL
A UAIEE®CAEM. FL L. X —MEEH
I8 T S b K Al 24 v, B A SR 43 AR 28 s T UK
AR BIREE Y R K X 2 TR IR . AT

Hh e AR AR K 3 ik A8 FE P R T R S A R R
T IR W T L R WK RS BE 8 1E A KT fE
IFATE th T8 98 A BT 2 (BN BE T E M
Mo b A R K I3 I aa S I A 32 b3l — ] A
AE7K 3 1p 38— DU AR 28 A JBTE T R G R AR A
NH, NOy & BLEA) B 8 i n] i
EAEI R 2ES . Wi, YR AR R 52 2K 55
SENED O R R = ) e 1) B E RS e e T S
AE T 2 — LU IR AR A B L KT 3X AN R i TR
WFFE 48 BRI SR A BI85 o — AT
3.2 ARESERFRFTKTEXIKS @ N ZE 5
BSOS AR 25 R R 8 R S AR W A
K MR 5% A5G (B BE AR By 10 B 26 A [R] AF
FEERABAFAE 2 X FBE LB NO, -N 47
WL R . 1T Mihailovie 447 858 & B
NH, -N 555 iF F R3S 7K 73 38 B9 48t 68 7 2808 T



44 o ko K iR

2014 4 55 19 &

NO; -N B FE 15358, BB R BN 050 (1918 3% 1 1 6k
T3 YRR AN M . AR R A A K R ) A
FEWE I, NH, -N K5 5% 68 0% 19 in /K A #1850 7K 43 1B
3 B RE T s I DK 2 R FH 4R D A R 1 S D T T
J& T IRAMEGE , 45 B GeIES

TEARBEZE 5 NHL -N B, 327K 43 8 AR
FMAZMAMAWEY ‘BRI E2ZER. MY
HERE NO; -N B, 32 7K 43 38 AR 28 00 32 1) 0] 5 (4 417
HIVEM . X ATRESE i T 244k NH-N B4 52 i
AR TP AT M R U0 BRI 1 A Y 2 X /)
THE NO; -N B AH 2, 2 5IEK 50 i i R A0 1
B BT N Y B 2R T NO, -N & J5 84
8 B A3 0 HG O it 8 R SR R O A L BG4 2 it
NO; -N Bl 2 52 £ . Gao 5 HE5E &
B NO; -N E F= K43 38 5 AE B KRS A 538 7
54K E R A Bed b 5700 mi ik NH -N &
FEW T W A, fE AR P, NOs N
NH, -N 7K A5 AR Z8 A 5738 7 e nl v e b 5 kv v
g 5k NO; -N B AR 2 AT 8™ A i T B A R
KKFR. Hioh.Lin S5 K BKAE 32 217K 43 I 36 15
RN NH, 19 SFRBeaE s it i =%, AR
B NO; -N FIK 5 38 B AR B K R 32 1B 18 AR &R K
JEFB A NHL 5 A 340 L2 1 NH-N B i
A5 X AT RE R i NOs -N & FR KRR K 2
AN R Z— . A AEARBRSE T Y AR R
Y152 30K 43 W38 i, S R NHY-N Al NO; -N
A 3 FAR R v R A R S R B A
AN R AR B 38, AH SR AR B AT ol AR T TR I AR R
R I E B L K A R aE e NHL N b B R
Rl PR S i R NO, -N AL 1. 50 £,
AR Z Ry 1039 A% s X Tl B 2 2L /2 1T % - NH, -N
b BRI RITAR 2 R A 84 im0 ) 2 NO; -N Ak B
1.96 f5 5 2. 26 £%. X 3L W, /K 43 B 38 B A [R]E 28
FRE X IR R R P AN [ 355 A7 v ) s i R e 25 2 1R
LI 43 B LA A B S e AN R R T A R
O ) 1A IR S e S TR0 s o[ ' ) B e
TRV R RIS XEAS [ AR R 5 F0 25 AT o 04 i
HAEERTEREBEREUNRHE .

3 A RN NH, -N B A2 38 4R 2 30 5 3 0 W
TR ATV T R B T L T HE NO, N R 38
R ZR ) B BB W 0 R M R U B B AR, X
YRR, NH, -N K fs HAg 058 1975 35 04 1

J1. 3T RE S NHL -N B8 42 @ K Fg Bt 7 PERE A9
RN Z — . fEH— P 002 . 25 R AR AR 5 2 7K 23
A BER NO; -N BB i R 32 7K 73 W i — AR 2
90 B2 I A T R S A R T AR AR Y
AR 3Z K I e A B X AR G M A R T Y R R AR 2
B WA i NO; -N 35 IR BE A8 1 oK 52 K 73 38 —
AR 28 A5 ik SR B J O A A0 39 O 32 Tk ek 25
WRAEY R ZRMH L. R, b TR NOs -N
S 7R AN REE o ¥ 25 94 VR TR A R i K 23 i 3
USRS AT 72 2R AT [ 46 9 2 T I H B 22 19 [R) 4 )
I3 E 2R 32 30— AR R L DA R IR R AR
JIF 5 (K 53 RS 4 53X Price 561 7 il i) S 41
(kR A . TS AER NHL-N B & 20
P B4 . J2 B PA AT RE S B NHL-N i 7K A5 A 1R
SR 5 32 1 RE ) L AN R S L DAL X R — o gL Y
(i R . Sy — 5 T K AR AE 2 B K
e e R NHL-N S A7 ] 380Kk K A 195 15
TRE ST L I A S AR A A B A s B A
AP T 5B 38 59 B 5 810 480 NOy -N i
R —ERE L B#EAE TKEBEEM TR H
F T 98 3 7 B AN 8 P DGk e R AR R A2 B K
S EOEG TR R

2 % X #

(1] BBl . #5SCTT . 5K 5 B - 2. K RS X 52 1 R B 19 iy o7 00 335 57 1
WAL, F 5 i KAl BF 5T . 2002, 20(2) :42-48

(2] ABFZEJEMRE A0 . 5. B ERAE S 2 B R KR A K
Be kB TR R BL 2w [0 ], b 1 Aol R 2 24 41, 2007, 12 (4)
45-49

(3] A, BRI, J8 L 45 R [l 03 T8 75 K 4 T 36 %8 K &g
K3 W R S 4 R S R LT ], 4 R 2 2 4 oAl 5 A A B
# R ,2010,31(3) :50-54

L4 R, SRt AR Pk R R[] B R TE 25 KoK 43 T 38 % 7K 6 i 517K
SR e A AR R R SE L. A 2 E 4, 2007, 24(4)
477-483

[5] Yang Xiuxia, Li Yong. Ding Lei, et al. Drought-induced root
aerenchyma formation restrains water uptake in nitrate-
supplied rice seedlings[ J]. Plant Cell Physiol,2012,53(3) :495-
504

[6] Gao Y X,Li Y.Li H J,et al. Ammonium nutrition increased
water adsorption of rice seedlings (Oryza sativa L) under
water stress[J]. Plant Soil,2010,331:193-201

(7] BRI, i k2L, 22 B A A EUR UK S5 Wbt o 7 300 7K A i i
RAEEFRMEWLI]. k34 .2008,23(1):163-167

(8] A%, S AL TS, JR AR & T 5 20 T 2 BRI K 8 Xk



553

VR 5t A5 NE SR K A3 38 ELAE X K A B 35 I8 1Y 1 52 R 45

T M A 2w BELT ) K AR FFA 4R . 2005,19(6) :169-173
5t R B, SRt AR L AF. R ROk e TR FIE S AR E
FEXFRFE G W ALK R [T, o K RS A 2. 2006, 20 (6)
638-644

Bk AP E RIS O LML b 5 db Aol K2 A
1994 .16

Michel B E, Kaulmann M. The osmotic potential of
polyethylene glycol 6000[ J]. Plant Physio,1973,51:914-916
Khalil A A M, Grace J. Acclimation to drought in Acer
pseudoplatanus 1. (Sycamore) seedlings[ J]. ] Exp Bot, 1992,
43:1591-1602

XA R IR EAR R AL A K ARSI RIR R 1 5 B
S RLT]. A E AR K222 4. 1992, 18(S1) :105-111
Ashraf M, Iram A. Drought stress induced changes in some
organic substances in nodules and other plant of two potential
legumes differing in salt tolerance[ J]. Flora, 2005, 200 535-
546

FELR G TR AR A RO A e S I - — R 1 R YT
KV BB )] TR X R AFSE . 1997,15(1) 1 1-6

(167 XU 00 0 B AR AR AR A3 2 A8 F UL 25 T 1L % 9 3¢

Feor 5k gLl ]. K 2R EFAER . 2008.22(6) - 141-144
Mihailovic N, Jelic G, Filipovic R, et al. Effect of nitrogen form
on maize response to drought stress[ J ]. Plant Soil,1992,144,
191-197

Guo S W, Chen G, Zhou Y. et al. Ammonium nutrition
increases photosynthesis rate under water stress at early
development stage of rice (Oryza sativa 1.)[]]. Plant Soil,
2007,296.115-124

Lin J] N, Kao C H. Water stress, ammonium, and leaf
senescence in detached rice leaves[ J]. Plant Growth Regul,
1998,25(3) :165-169

TR EH HFEEEORFIE SRR E I RK 5 5406 i
WK AR BB B RE D RS2 [T ], o E K AF #E27, 2010,
24(4) :403-409

Price A H, Caims ] E, Horton P, et al. Linking drought
resistance mechanism to drought avoidance in upland rice using
a QTL approach: Progress and new opportunities to integrate
stomatal and mesophyll responses[J]. J Exp Bot, 2002, 53
(371):989-1004

KAt E AL



