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Effects of nitrogen forms and water stress on photosynthesis and water use
efficiency of rice at seeding—tillering stage

ZHOU Yi, GUO Shi-wei, SONG Na, ZHANG Chong-lin, LI Xiang, SHEN Qi-rong”
( College of Resource and Environmental Science , Nanjing Agricultural University , Nanjing 210095 , China)

Abstract: By using nutrient solution culture and simulated water stress by PEG(6000), the effects of different nitroger
forms (NO; -N, NH; —N and the mixture of NO; —N and NH; —N) and water statuses ( non-water stress and wate
stress ) on water use efficiency (WUE) and the biological characteristics of rice plants at seedling-tillering stage wer
studied. The results showed that, under non-water stress, the biomass of rice plants were about 49.63% and 63.25%
higher under the supply of mixture of NO; —N and NH; —N than either sole supply of NO; ~N or NH,' N, respectively .
However, under water stress, the biomass of rice plants were about 5.76% and 484.01% higher under sole ammoniun
supply than the other two treatments, WUE of rice plants were also 11.36% and 81.63% higher than the two treat-
ments, while 12.39% higher than the same nitrogen form supply under non-water stress. Furthermore, rice plants growr
with ammonium nutrition showed a stronger tolerance to water stress, due to their higher chlorophyll content, leaves area,
tillers, and net photosynthetic rate et al. compared with those grown with nitrate nutrition.
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1.1 gt

HERKRG G M AR 63 (Z R HIFE) . BHFRW
SR A oo E B 7K A8 BT (IRRI) /9 3 L& SR e 700
3 Fhoft BB A HM: 2.86 mmo/L NH/ - N
[ (NH,),S0,], 2.86 mmol/L NO; -N [Ca(NO,;),]1#
1.43 mmol/L NH; - N + 1.43 mmol/L NO;y - N
[(NH,),S0, 1 Ca(NO;);]o 2 MK KF: 1)K
KArHAE, 43 BB NO; \NH; Ml NOy -NH; R
2)7K 438, PEG(4F & 6000, TR ) , WREHR 5%
(m/v, KEAH S F - 0.05 MPa)! 1) 435I LL NO; +
PEG.NH; + PEG fl NO; —-NH; + PEG &/~, M4,
B A N Na,Si0, AR FFE W P /) Si0, A
0.1 mmol/L, Fl 2 mg/L By SUHR & VE o 75 4k 1 1 71
FEREFE(8£2)C, BEFMpH AT E 5.50 +
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BENHS f1 NO; RAEFBBEEF, BH NHS
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FtEE S MK alE, S AHMER 5 K.
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Table 1 Effects of N form and water status on root growth, tillers per plant and
biomass of rice at seedling-tillering stage
BREKRK S BER Tillers A Y& Biomass
s Root growth (No./plant) (g/plant, DW)
Treatments ﬁiﬁﬁ§ B BRR 5 BE
£l ngth " Root number Root volume 16DAT 28DAT Shoot Root
ol longest roo (No./plant) (em’/plant) g
(cm)
NWS NO; 24.2+1.9a 33.5+6.7ab 2.54:1.00a 1.320.45¢d 3.121.05a 0.68+0.21 b 0.24+0.09b
NH;} 142+1.3¢c 28.7+3.5bc 0.91£0.49bc 1.8+0.27ab 3.2+0.75a 0.66+:0.08b 0.19+0.03 be
NO; -NH; 22.2+1.8b 39.1+x9.3a 2.64+0.73a 2.1£0.22a 3.8:0.87a 1.04+0.18a 0.3420.10 a
WS
NO; + PEG 12.1+1.6d 14.0+x3.1d 0.22:20.09¢ 1.0£0.00d 1.0+0.00b 0.10£0.05¢ 0.04+0.01 d
NH," + PEG 14.6+1.6c 20.9210.1cd 1.36£0.68b 1.5+0.35bc 3.3+0.67a 0.53+0.12 b 0.16+0.05 be

NO; -NH; +PEG 14.9+0.4¢ 15.2%6.3d

1.05+0.71 be 1.9+0.22 &

3.3+0.88a 0.65+0.15b 0.12+0.05 cd

TE(Note) : NWS— A8 Non-water stress; WS—7K 4338l Water stress; DAT—# /5 K 3 Days after treated; T [ Same as follows; 7 [f /M E 5
BRRERE 5% BH KT, FH. Different letters mean significant at 5% level, same as follows.

4 g &4 NHS \NO; 1R A FI8—4t NH; -N 4b
BHAYEES A B R T —4t NOy -N b3, B
REANEFKFE(E 1),
22 ASBpEMKEESESERNEH—S 8
MR SRR R M

MEEAEST=V S ERNER, £280, &K
SEEGT ARIBE NS BAKBH S ER
ZEEHHBEER, BE, EKOBBELET,
NH/ \NO; RAfE— 4t NHS -N b B KRB L
BRI BT R4 NO; -N 4bH,

2.2.1 MEM—2EHKBEAEEENEE 4
R2 KOMENRALSARRVEATEN S RO ABEKNEXSER FMERNEB AL F PR
Table 2 Effects of N form and water status on Pn, Tr and WUET of rice at seedling—tillering stage
e Hoba R AREE R A 3K 4y FI AR E
7 Pn Tr WUET
T [CO, pmol/ (m*+5) ] (H,0 mmol/(a+s)] (x10°%)
NWS NOy 11.13+1.01 ab 7.74+0.94 a 1.45+£0.16 a
NH{ 12.97£0.45 a 8.35£0.74.a 1.56+0.12 a
NOs -NH; 11.82+2.13 ab 7.89+0.96 a 1.49+£0.11 a
WS NO; +PEG 2.70+1.07 ¢ 3.77x0.25 b 0.72£0.31 b
NH; + PEG 11.27%1.24 ab 7.57+0.17 a 0.49+0.13 a
NOy -NH{ + PEG 10.09+1.82b . 7.34+x1.18 a 1.37+0.07 a

H:(Note) : Pn—Net photosynthetic rate; Tr—Transpiration rate; WUET—Intrinsic water use efficiency.

2.2.2 MNEH—TEHKABHELEBEFHHRE
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NO; BA M —4t NHf -N AHEMHSESEZ |2
RARE, BR, EKSMHEFET, B—4 NH;
-NABEAEFTERAHHSESRYUEBEFH

ERMAEE AL,

223 XWEHHE—LBEBKBHRELBIFHER
MR FEIEKSHEFET, B—f4t NI -N K
REHT 52 2 R IF v /9 ot 1 BB B K F NH; \NO; B&
A4t NO; -N B3 (B 2), T NH; \NO; BRE
FIB— ik NO; -N 4b 38 i) 7K 78 37 52 2 J FF M- 89 - T
BRIZEEZERABE. EKOMERET, B—4#
NH; -N #l NH/ \NO; RALHEN KB ZLBHF
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Fig.1 Chlorophyll content of new expanded leaf of
rice at 14 and 26 DAT
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Fig.2 Effects of N form and water status on new expanded

leaf area of rice plants at seedling-tillering stage
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BRMH THANY R
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Table 3 Effects of N form and water status on the ratio
of root to shoot and specific leaf weight of rice at
seedling—tillering stage

e HrtE Wt
Moe st Specific leaf weight  The ratio of
(DW x 10*g /m?)  root to shoot
NWS NOy 0.40£0.01d 0.35:£0.03 ab
NH/ 0.45£0.04 b 0.29+0.03 ¢
NO; -NHy 0.44+0.03 be 0.32+0.02 abe
WS NO; + PEG 0.56+0.02a 0.36£0.0la
NH{ + PEG 0.41£0.04 cd 0.30£0.03 be
NO; -NH; +PEG  0.38x0.02d 0.18x0.04d

TAEK 43 38 254 F , 38— it NHY -N AR Z K 7
FHME > NHf NO; BA 4L > B—ft NOy -N
HoAbER, E=# % R YA B EKT, 5K
38 4 FF B AR RLAL BRAR e, B K AP B E R T, B —
fit NH; -N A kAR RS R B R, B —H
NO; —N &b 2 iy 7K 4 ) FA 2 S B B P&, T NH{
NO; RAMEBERER

£
(=]

mNO, ® NH; O NO,-NH/

(7]
(=]
T
-
=x
o

b

Water use efficiency
TR FI R E
(DW X 10+ g/mL, Water)
o
=]

—
(=]
T
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B3 kapETEERSRSERATED
—SBEHKTENK SR ARE
Fig.3 Effects of N form and water status on water use

efficiency of rice at seedling—tillering stage

DA F 7K P 257 9 7K 43 1 PR 80 RARL ) A K
43 % FA %% 2 (Intrinsic water use efficiency, WUET), 1§
SALABRIE CO, FlAb i 56 5 7 s R A Eo (1), 3
B ERAERBREDRRUBERR, EIEK
AWEEAGT 3 HAZESLEKBHABER
R KSR MR ZRAERABE . MAEKDT M
&M T, B—4t NHS -N 1 NH; \NO; R&AH
KA B ZE 0 T R A AR E K A M I R B B R T A —
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£ NO5 -N #y b B8, 3 FL 4 b B8 i 4 2 Kk 2 B 3K
B 55 Mk /K P 89 7K 43 1 P 20 3R G R K LR e AR —
BL,RE2, RWER— NO; -NERBFHT, K
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3 Wig

3.1 AARSEEEFVHEN—SERKEE
KA E R

AR R B IE R R W AE K E NHS .
NO; REABHRITHRBEINHRENAYFER
gz D161 R A BF 55 1% 3E 2K 4 B 38 40 38 A NHY .
NO; BRAAHEMP—ABESKBHAEDEHABXR
F A —fik NO; -N Fl NH; -N B0, B KRR
BB W CR A NOs -N, i BL7E NH; \NO; IBRAEF
HOEMARNESARREHEER. —RIANE
BF NOy -N WFEFEM #I ¥ T NHS -N 89 %,
Walch ~ Liu Z0™18) g BF 93 45 SRAE B3, % F %38 B 4
E¥ITi & ,NO; -N i FRIBMB RS RNE ™%
HIRBBRRNER, X FBAE RGOS
NH -N @94bE K, i, KEERAEE&HE
1, (B4 5 B 3 6 25 44 BB B NOs -N RAF] FIE B
AR R, WAEKSERET, KFEYEH
PR 8 B IR A e B A R R FIE K A b ad A& 1
THER, BEESITEEKSEEET K
AR EFRIFER B IAN , BRUK 2 B8 B 55

NH; /NO; 24 50/50 #125/75 b BAERK BT , X T E

SRR EREHEA X, ARRBA X NH; /NO;
B BEE MRSy  BREEERETES, L4t
NH; -N #1 NH; /NO; 2k 50/50 W94k 38 AH X F 8
—HENO; N EERAANRNASELSES
ELBAMHHSESRT HERUREGE K
SHEYEER, B NH -NEBERNEH
SR RSN KA B A BORME N . HAEX T IEK
43 B8 4T GO H B 40 28 . R B B/ AR 2
BIEIRRL . HAh, KIS LI FRET M 63 &
HBRAEEERELS=EMNRBERXRZNGER
EH EHERBmFENTEZERRAEREEHRB&K
B BB TE, MESRKENKSBEXET,
Bt NH -NAHEGFERRER, S TFHEE
PR AR SLEZ M OB ER/DRAZME ,
SuAEXE TR B8 A AF T ORI E B, BT &
BEWRSRKE DWEME, BERRmHEMNT
49.45% ., [FI&}, —4Ht NH -N A2 A 6 A = |

SRR R AR K S R FBCR, M FRERFE
ARSLEERAOBEBRN, TR, HH—E
SAK RS — 4k NHY -N 88—t NO; -N By HEHE
RHEE,

BAT, X FE#—o KRB NH -N A
EyfSEEBENOAEEBNASAERE, FHREER
HFYRAKCEEEONR L BESEERAE
RS KRR — D EEE R K5 b v E
MIRAKEERARA—ERATERD, R
Br b 36T NHS -N X 7K 23 B8 25140 F B KRS K
WIEE MR MR LRE, KOO FH#—2
MR .

AR H (3R 3) 7T LAE H K 2 i 38 Xt 7K 7
EEMRAEMNEROER, HH—REEYK
Sy A8, fE e K S e 4T, B —4 NO; -N &
KRR LB B F 8 —4 NHY -N b3,
H5 NH; \NO; BEAEERABE, MEKSH
HEMT , B— NO;y -N B AFBHREHLHAE
BT — 4t NHS -N #94H M NH; . NO; IBA &b
[ NHY \NO; RAEAEBMRELHBKET R
—ft NHy -N 894038, 7K il &4 T 88— NO;
~N A9 b 38 AR 5 AR X TR K 4 BB & F RO
BB AR R, AT B E A IR X4 T, —
NO; —N Ab ¥ 7K 7% 5 35— 43 B 31 0 58 7K 4 B 38 2 4R
FAh B AR A MR ERA B Kohak
BT HAEZ AR A BRI K AR RAEK
BRSER, TREATFARRNEREERMK
(18CZEA ) B, BIRIR =T 8B AN B 7 7K 43 i 38 28 1 o
3.2 @EFEP NHf /NO; HESIEEAKEEE—
Bk A AREOTITHES T

RS I HIIES, X NH; /NO; Eofilh
50/50 B KA BRI KGR AR R R, HE
AR5 #9 K S B R T, B —E NHY -N 43
KA FFHZ R 8 8% F NH /NO; HB A 50/50 &Y
AhE, XFRERHTARABEHZMHAEESR
et R AR AZ RS RBK S F AR RN R
FHEARSHRMEARR, ERRRSRKSSHE
AT AR T8 R oK RS i 8 — 2 BE WK 4 R A 3k
REIEE NHY /NO; HLFTRB7E 100/0 ~50/50 Z [,
RAEK G B EMET, 50 NH) -N FERE K
TRk R BRI, SBHALERIFARFTE .
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