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BN FREHABUEARA 73X, 18 R HURUK B VR4 A AR K B AL, 7 AP IS R 1 A%/ sk i
I, WFAE T 225 kg« hm 2l B S50 R AR IR (2.3 g L7 300K T8 T R AS [R) it 280 5k 45 1 (R L 275 kg - hm 2, HRRL 225 kg -
hm™ IR 175 kg-hm™) R 2 g« L0 (0B RRUBK 8 0 & /NZZ S etk AR R R i g . S5 5380, S5 K IS AR EL R ™
LI 3 g« L IUBUK IBE#E 25 5 30 /N M 28I R (T VRAL S (GO R &t (P) B 3% TR B oK RS m T
37.0%~106.8%;2 g- L~ sk B = 2R Hr AR LAY 6. P, 5 IR K IBEE G i 35 22 5, ELBR YT ST o LA B AR I P 8 TR A I
AEFES.0%. 2 g- L7 SRR K MBS o & /INAZ (1 It T BRSSO RR R B2 A AS .38, 3 g« L' 0P B AR /K I T Xt 46 /N 22 1) o 1 LA 5
R FE T AR . 2 g« L BUBK IBEE 3 A Ab BEA/INAZ P2 i S5 IR K B AL B35 T (8 25 25 5 (H 3 o L (L BE AL B4/ NFE -1
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Effect of brackish water sprinkling irrigation with different nitrogen and salinity levels on photosynthesis
characteristics and yield of winter wheat

WANG Hanbo'?, ZHANG Shuantang'?, JIAO Yanping'*, CHEN Wenbin'?, LI Jie'?

(1.Hebei Academy of Water Resources, Shijiazhuang 050051, China; 2.Hebei Technology Innovation Center of Agricultural Water Saving,
Shijiazhuang 050051, China)

Abstract: The study aims to obtain a suitable alternative of brackish water irrigation pattern and reveal the physiological growth response
mechanism of crops under brackish water sprinkling irrigation. A field experiment was conducted in a low plain area of Hebei Province,
north China. Effects of different salinity (2 g+ 1", 3 g+ L") brackish water irrigation under the same nitrogen application rate (225 kg+-hm™)
and different nitrogen application rates (high N:275 kg+hm™, medium N:225 kg+-hm™, low N: 175 kg-hm™) with 2 g+ L™ brackish water
sprinkler irrigation on photosynthetic characteristics, growth and yield of winter wheat were studied. The results showed that compared with
sprinkler with fresh water, transpiration rate(7,), stomatal conductance(G.), and net photosynthetic rate (P,) of wheat by sprinkling with 3
g+ " brackish water showed a significant decrease in trend, but the water—use efficiency of leaf increased by 37.0%~106.8%. The G. and
P, of 2 g+ 1" brackish water sprinkling treated with high N and medium N were not significantly different from that of freshwater sprinkling,
and P, of the leaf treated with high N at jointing stage was 5.0% slightly higher than those treated with freshwater sprinkling. Sprinkling

with 2 g+ L. brackish water had no significant influence on leaf area index and plant height of winter wheat, while sprinkling with 3 g- L'
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had adverse effects on leaf area index and population density of winter wheat. Compared with sprinkling with freshwater, the yield of 2 g+ L™

brackish water treatments were not statistically significant. However, compared with freshwater treatment, the yield of 3 g+ L™ treatment was

significantly reduced by 25.9%. In conclusion, sprinkling irrigation system with no more than 2 g+ L™ mixing of brackish and fresh water

can be used for field irrigation of winter wheat in this region, and adding an appropriate amount of nitrogen fertilizer may promote the

increase of crop yield.

Keywords : brackish water; sprinkling irrigation; winter wheat; photosynthesis characteristics; yield

T& % R FA B0 K B8 W56 F 28 i 1R 7K 9% U5 Je e
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Table 1 Physical and chemical properties of the surface soil

1)z A g Exil AL N Tl AR A
Soil layer/ pH Total N/ Total P/ Total K/ Organic matter/  Total salinity/ ~ Alkaline N/ Available P/ Available K/
cm (g-kg™") (g-kg™) (g-kg™") (g-kg™) (g-kg™") (mg-keg™) (mg-kg™") (mg-kg™)
0~20 8.20 1.15 0.85 22.23 16.83 1.66 72.45 20.40 195.50
20~40 8.43 0.53 0.61 21.64 7.85 0.74 36.23 2.94 95.50
PO NZE Al O T 4 15, fE Rl 187.5 kg hm ™, sV ZEME A T (mmol - m™ - 7)) AL FJE G.(mol -

ATHE M 15 ¢m, 2018 4F 10 H - AJ#E RN, k46 H 4]
WK o B K M 0 R R DX, X XA T AR
72 mx216 m, >R FH 4% 2h 48 18 W R 45, 3 A
SLTE RS R 12 m, WSk 0E B A B, B b BE— A1
X, AN/ 2 253008 B 4RSS 5 A /N X TR
72 mx36 m, BEASALBE 3 AN AL AR A LR 24
mx36 m. XK AL FRALFEIR K B A& (FSM) 2 g+ 1L
TR 7K I E v &L (2SH) L2 g+ L7 Bl /K 8 0 v R
(2SM) .2 g- L™ fUBUK IR AL (2SL) .3 g LT fUBK
W5 HE 20 (3SMD) IR 7K /)N e FH b 187V P 20 (FBMD 6 4>
LB ) FAEAK R 28 R R & K i e B R A Ak
PR B 7K, SR T e VB 7K ZR I s 2R 4 W V8 R 1 7 3
5o WEWETTRITE S R K R AR T, AR H )+
SR W 3l W B L 0~40 e 41 44 4 398 5 K
% 31 FH fa] 35 7K 2 B 609%~70% JT- 44 HE 8 L 2019 4E 3 /]
14 HAS H 6 H 45 i —KFE oK, BHERE K E
%1675 m* - hm™, H 1A E K 2 % 750 m® - hm 2, & /)
A2 BEVE A 3 A TR B LB I R 50% 1 I AR S
BT , F4% 50% 19 EE (IR ) Bl — /KB it ; 4 /)N
2 W K TR W S IE A 40% 1) BNEAE A
JES it , Ho 4% 60% 1 R B Bl & — K FIAE — KW . 4
/NFZ G AL B R R 275 kg hm?, AL B T
A 225 kg - hm™ AR E AL FH A1 R 175 kg
hm 25 AN R Ab B A4 8 A RE D R At FH ()45 B it
— &, B IR (P,0s) F 2 150 kg - hm™, £/ IE (K,0) JH &
75 kg-hm™,

1.3 MMIEFRR %

A BRAE AR 76 2019 FE A/ N2 I Al BRI AT
FEH B/ INXHE 6 PR S — B A bk, TR 7 8
BF 22 10 B I 4 ) T2 o et C B i 0808 — B o
xR TIT ) i FH L1-6400 BG40 52 A (FREE R
COL & AT i, 8 il D' it s 4 o0 5L 3 35 Jl AR Ak
WE 6400-02B £L IR, #5065 10%, M E N E A
RO S BE 9 1500 wmol » m™ -7, YL BEE A 300
pmol - s ) Ml & & /N2 it ol 3% P, (pumol + m ™ -

http://'www.aed.org.cn

m2-s7") A CO M E C:(mol - mol ™) &5 4E BFE bR , I
THR AR FR bR,

- H 7K 43 R R LWUE (pumol » mmol ™ ) =P./T,

FeREF FHACE LUE (umol - umol ™) =P,/PAR

SALRRGIME L=(1-C/C.)x100%,
A PAR A BOEA 84T, wmol « mol ™5 C, 2 KR
CO- IR A4, pmol -mol™,

T AR FE 22 (Leaf area index, LAD) FIAK = HEAR 2R
BB AR R H M 1 m? RN A IX
BE 3 He AR ic , A4 RO 8 e 2 7 AR /N2 AR
P AR KRB, BRI 1 m? TR A /N AZ B bk
B R B ) TR0 /N XA TR A 1
L AR i TR BRI i A HES B0 R 0.7,

AP R B AL B IX E AR AR IC B 1 m? T R/
7, TR AR 3 AN E AT AR DX TR A Bk
S BB HIRR TR, Dok 18 A AR A AT BY
Tl I F i S RO T L s SR K 1 m? AT A
PRBEST R 47 14 Jo 0 e AR R T i, 310
THiEE .
1.4 FitHh

fd F IBM SPSS 19.0 %1 4 38 32 5L IR 2 A WL R 6
(SEATT) T 2250 Mk 6 45 /K 22 0] 1 25 5 2
P, B E K a=0.05. 4 H Excel 20164,

2 HRE5HH

2.1 AEMEREEERHEN XA BITESH

& 2 J& A — K HEWE I AR N [ Ak B ) i o
AHFES R, & 20T 0L, 3SM AL BRI F P, G..C I
T3 B AR A % (P<0.05, F IR , & HAth 54~
Sb T4 SIS AR T 20.0% . 43.8% ,10.9% F150.1%,
LWUE F L34 5. 3% = F 3oAth 5 S b B, 43 51 F- 2448 7
T 65.1% M1 34.6%. 2SH 1 2SM Ab B i 5 P, G..
LUE 5 FSM AbBETC I 25 22 53, 2SH ARy i - P, i 1
T FSM AL B 5.0% , 4 T.3518 35 & T FSM AL B (735
it 24.4%) , H 2SH AL BRI C; . LWUE 1 L. 5 FSM 4k
—101—
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PR TG 2 3% 22 5% 5 2SLARFRBR T iF A P R E KT FSM
AEFE 12.4% 41, oA 6 A S 505 FSM AR PR TG I 25 2=
5to FBMACBRAGIF F AT 42 35 5 T oAt 5 A Ab 2
Oy BSEI RN T 15.2% F155.7% , i LWUE J A%, ik
EAR T HA 5 AL P RRAR T 44.3%.

e 3 My Al BRI R R A B0 i RO R AE S 5L
3SM Ab BRI B G T3 8 AT oAt 5 S b B, 43
S-S REAR T 31.3% 1 58.1% , LWUE F LY 8.3 &
T H A 5 AR FR, 5350 F- 482 T+ T 106.8% F117.2%
SRS BAAS[R] f4 2 , HCIRE 3SM AL 38 C A T HiAth 5
b 25 5 OR B E 3SM AL BRAY P A B LT FSM
AR SRR T 25.0%, 5 Hofth 4 S AEHR 5 ROR B
Fo 2 LW ALEBIRE 3 N HEY €L LWUE L5
FSM kb P 25 508 i 3, (X 2SM Al 2SL AL BRI H- P, i
FALT FSM AR, - FEAR T 21.0%, 2SM AL 3L 6.
T AR T FSM A R, 43 I AR T 23.6% F
27.1% , HABACFRAG 0T | P G T FSM AL P 25 530
3. FBMALBEAG M F T8 FAK T 2 g- L7 0 4k i s

HE 3 AL TR FSM AL 3, P Y B 0R 34.2% , 3 5 T
3SM 4k BF 68.8% ; 1T FBM A PR LWUE 5.3 T2 g
L7V Ak B2 W5 3 0 FSM AR B, P-4 18 11 34.8% , S I
T 3SM 4b B 39.1%, 1fii FBM AL ¥t F- P, G.. G L. 5
2SM F12SL AL B 22 S AN B 3

T4 WoR T IFAEA TR AL BRI RO R IR 2
B, 3SMALHR P, G CA T B EARTF 2 ¢ L' 1k
JE W Y 3 S AR 3, 23 )P B AR T 34.7% . 54.3%
20.9% 1 43.5%; 3SM 4L FIL () LWUE . 2 ¥ T 2SH #l
2SM Kb, SF- 15 HY 37.0% ; 3SM AL By I F L5535
F2 g+ L AL WEE A FSM 4 A4S 40 FR | SF- 35 75 1
38.0%. 2SH Fil 2SM 4k B I F P, G G T A L
FSM Kb B9 22 501 S 3, 1fi 2SH A1 2SM AL PR i) LWUE
I LUE BT FSM AL BE, 4351 - Y R AR T 41.9% Fil
20.2%;2SH Kb BRI L, 5 F 2SM A1 2SL AL B, {H 2SH Ak
BRI P AT T 2SM AT 2ST AR B, 34 i =4~ Ak B g -
AT, ALY €l 272.01 pmol - mol ™, X T
rh AR A AL R 299.91 pmol - mol ™ F1293.22 pmol -

R2 FEW UERBUKERMAREREKTE THRTHM SR ESH
Table 2 Photosynthetic characteristic parameters of leaf at jointing stage under different salinity brackish water irrigation

and different nitrogen application rate

ISP et AL JiLE] CO, e B2 WA MFRUKAFAEE ORISR o }

A , . - . - CAL B 1
AbHR Net photosynthetic Stomatal Intercellular CO,  Transpiration rate  Leaf water use Light use efficiency Stomatal limitati
Treatment rate(P,)/ conductance(G,)/  concentration(C;)/ (1)/ efficiency (LWUE)/ (LUE)/ oma(aL )1/r6r711 ation

(pmol-m™+s™") (mol+m™-s™) (pmol - mol™) (mmol-m™-s™) (pmol - mmol™) (pmol * wmol ™) I
FBM 20.26+3.69ab 0.42+0.10a 332.13+13.20a 3.24+0.65a 6.29+0.46d 0.014+0.002bc 0.21+0.03¢
FSM 23.80+3.41a 0.34+0.06ab 284.99+15.78b 2.04+0.37¢ 12.03+2.75b 0.016+0.002ab 0.30+0.03b
2SM 22.25+4.54ab 0.41+0.03a 314.19+19.41a 2.56+0.30b 8.62+1.09¢ 0.015+0.003ab 0.23+0.04¢
2SL 20.86+2.11b 0.32+0.02b 283.60+15.60b 2.06+0.21¢ 10.13+0.77b 0.014+0.001be 0.28+0.02b
2SH 25.00+1.52a 0.39+0.06a 290.66+8.43b 2.51+0.33b 10.10+1.16b 0.017+0.001a 0.28+0.03b
3SM 17.94+3.32¢ 0.21+0.05¢ 268.28+12.05¢ 1.24+0.38d 15.57+3.81a 0.012+0.002¢ 0.35+0.03a

T : RIS R INE R FoR A PR 22 53 B35 (P<0.05) o R Tl

Note: The different lowercase letters in a column indicate significant differences among treatments at P<0.05 level. The same below.

R3 AR U ERBUKERATREREKT THHERMN RS RESH
Table 3 Photosynthetic characteristic parameters of leaf at heading stage under different salinity brackish water irrigation

and different nitrogen application rate

JLIR] COA e MK SEREMTRCR

Hoba R AL ZEM R

. _ bk 4 4 BE e
AbFR Net photosynthetic Stomatal Intercellular CO, Transpiration rate Leaf water use  Light use efficiency Stomatal limitati
Treatment rate(P,)/ conductance(G.)/ concentration(C;)/ (T)/ efficiency (LWUE)/ (LUE)/ oma(aL )1/r(;1 ation

(pmol+m™2+s™") (mol-m™-s™) (pmol *mol™) (mmol *m™+s™") (pmol * mmol™) (pmol * wmol™) e
FBM 19.39+4.13b 0.35+0.05b 295.41+11.61a 2.81+0.43d 6.84+0.62h 0.013+0.003be 0.25+0.03b
FSM 24.87+2.84a 0.46+0.05a 283.24+6.29b 4.88+0.36a 5.09+0.37¢ 0.017+0.002a 0.26+0.01b
2SM 18.67+2.57b 0.35+0.06b 284.82+7.94ab 3.56+0.64¢ 5.32+0.53¢ 0.012+0.002be 0.25+0.02b
2SL 20.61+3.92b 0.41+0.08ab 284.92+6.52ab 4.32+0.67ab 4.80+0.67¢ 0.014+0.003b 0.24+0.02b
2SH 22.02+3.72ab 0.42+0.03a 284.22+11.57ab 4.29+0.23b 5.10+0.63¢ 0.015+0.002ab 0.25+0.03b
3SM 18.65+1.61b 0.27+0.01c¢ 284.16+11.45ab 1.66+0.14e 11.23+0.41a 0.012+0.001¢ 0.29+0.03a
—102— http://www.aed.org.cn
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R4 FETLE MR B e Bk T R B e A S5

Table 4 Photosynthetic characteristic parameters of leaf at flowering stage under different salinity brackish water irrigation and different

nitrogen application rate

AEAEE  CGLRIE  RWCOME AR KRR ERRTEE
AbHR Net photosynthetic Stomatal Intercellular CO, Transpiration rate  Leaf water use Light use efficiency j‘St ) Iljl

Treatment rate(P,)/ conductance(G,)/  concentration(C;)/ (T)/ efficiency(LWUE)/ (LUE)/! limite ;).md(‘z )%

( pmolsm™-s™" ) (mol*m™2-s7") ( wmol +mol™) (mmol-m72-s™") (pmol - mmol™ ) ( wmol + pmol ™) mtationi L. Jrzo

FBM 10.12+3.85bc 0.09+0.03bc 240.19+27.02bc 1.90+0.73bc 5.41+0.47b 0.007+0.003b 0.47+0.06a
FSM 16.18+1.84a 0.17+0.05a 288.97+41.59a 2.21+0.64h 7.84+1.87a 0.011+0.001a 0.38+0.09b
2SM 12.71£3.76ab 0.16+0.06a 299.91+22.62a 2.90+1.00ab 4.58+0.66¢ 0.008+0.003b 0.33+0.05b
2SL 10.87+2.42bc 0.12+0.03b 293.22+18.77a 1.98+0.52bc 5.55+0.30b 0.007+0.002b 0.36+0.03b
2SH 13.11£3.38ab 0.14+0.04ab 272.01+42.93ab 2.98+0.73a 4.52+0.90¢ 0.009+0.002ab 0.39+0.09b
3SM 9.15+2.89¢ 0.07+0.03¢ 226.88+34.04c 1.52+0.58¢ 6.23+0.87ab 0.006+0.002h 0.50+0.08a

mol ™, UL AL Z I , s AL B PR T 4R 2

KAl b 1T AL AR R BRI, iR dg s 1
JiLE] COL A A R (i 1] COL B8 JR 43 B A , N T sk
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