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Effect of Long-term Saline Water Irrigation on Photosynthetic
Characteristics of Winter Wheat and Soil Salt Content
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Abstract; In order to make full use of saline water resources, the impacts of different patterns ( totally
five treatments: CK, fresh water irrigation;T1, blended irrigation by mixing fresh water and saline water
into 1.8 g/L salty water; T2, rotated irrigation of 3.6 g/L saline water with fresh water; T3, direct
irrigation with 3.6 g/L salty water and T4, no irrigation) of salty water irrigation on photosynthetic
characteristics and soil salt of winter wheat were studied in 2013—2015 based on a long-term saline water
irrigation experiment. The results showed that treatments T3 and T4 significantly decreased plant height,
leaf area index, leaf area duration, chlorophyll content, maximum photosynthetic rate (P, ), apparent
quantum yield (¢ ), dark respiration rate (R,) and grain yield compared with fresh water irrigation
(CK). Continuous irrigation with 3. 6 g/L, salty water (T3) led to soil salt accumulation, thus it was not
suitable for directly continuous irrigation of winter wheat. In comparison with CK, treatments T1 and T2
had no significant differences in plant height and photosynthetic characteristics, while there was an
increasing tendency in soil salt content, the plant growth was not impacted. From the aspects of soil
ecological environment and grain yield, the rotated irrigation pattern and the blended irrigation pattern of
saline water utilization did not cause yield reduction and obvious soil secondary salinization, but it can
save fresh water, therefore they were comparatively better ways for salty water utilization in winter wheat
irrigation. The study provided an important reference for developing saline water irrigation of winter wheat.

Key words: winter wheat; salty water irrigation; photosynthetic characteristics; soil salt
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Fig. 1 Precipitation in wheat growing seasons
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Tab.1 Ion compositions of irrigation water with

different salinities used in experiment

HEWE Kb/ BT BE/ (mmol - L")

(gL Ca’* Mg?* K* Na* SO;” HCO; cI-
%AK(CK)  0.715 0.805 0.15 10.73 2.94 1.04 7.63
1.8 0.845 1.550 0.17 24.62 5.06 1.12 20.45
3.6 0.955 2.205 0.19 50.44 15.91 1.21 43.27
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Tab.2 Changes of plant height under condition of

different ways of salty water irrigation cm
Ay b 5 wm SR 1A

CK 17.32+1.19* 53.85£4.04" 61.70 +3. 44"

T1 17.01 £0.92* 53.70 £3.56" 60.83 +3.05"

2013—2014 T2 16.89 =1.21* 52.98 £3.26" 61.89 +2.90°
T3 14.16 +1.02" 49.58 +2.51" 57.22 £2.05"

T4 16.92 +1.24° 46.32£2.21° 44.41 £2.35°¢

CK 16.53 £1.19* 51.85 £3.24" 62.83 +2.34°

T1 14.73 £0.92" 49.70 £2.67" 60.88 +2.25°

2014—2015 T2 15.21 £1.21* 49.70 £2.36" 61.40 +2. 10"
T3 13.23 +1.02" 46.98 +2.01" 56.95 £2.05"

T4 15.47 £1.24° 43.33 £2.21° 53.98 +2.35°

T B P39 = bR 22 RSB )G Al 7 B ROR 22 57 0 3
(p<0.05), F .
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Tab.3 Effects of different ways of salty water irrigation on leaf area index and leaf area duration

PN m T AR 4L T AR RS/ d

AT ®15d )5 HA530d J5 1550 d J5 WA 154 KW 15~30d 19 30~50d

CK 2.56 £0.14°  5.29+0.24°  6.29 20.40°  4.11+0.32°  58.87 +4.26"  86.85 x4.41" 104.01 =4.23"

Tl 2.67 £0.11°  5.18 £0.29°  6.150.31°  4.25+0.23"  58.87 +3.89"  84.98 £5.49° 104.00 =4. 85"

2013—2014 v 2.61 £0.16°  5.21 +0.31*  6.17 £0.35*  4.19 £0.26*  58.65 +3.31"  85.35+5.03" 103.60 =5. 12"
T3 2.13+0.10"  4.61 £0.22" 5,28 £0.32"  3.63+0.24"  50.55+2.98" 74.18 +4.37" 89.10 £4.09"

T4 2.09+0.12"  3.94+0.26° 4.590.28° 2.87x0.21°  45.23 £2.12°  63.98 £3.12° 74.60 £2.56°

CK 2.47 £0.13"  5.43+0.24°  6.71 20.41°  4.39 £0.22°  59.25+4.92°  91.05 £4.89* 111.00 4. 75"

T1 2.39£0. 11"  5.23+0.26°  6.68 +0.36"  4.43 £0.25"  57.15 +4.36"  89.32 +4.02" 111.10 =4.67"

2014—2015 T2 2.54£0.15"  5.39+0.28"  6.56+0.34" 4.18+0.21"  59.47 +3.95"  89.62 £3.95" 107.40 =5.02"
T3 2.07 0. 12"  4.71 £0.23"  5.48 £0.32"  3.61 20.28" 50.85 £2.26"  76.43 £4.10"  90.90 =4. 34"

T4 1.92£0. 11" 4,12 +£0.21°  4.80 +0.39°  3.24 +0. 24¢ 45.30 £2.79°  66.90 £3.54° 80.40 +3.16°
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Fig.2 Changes of SPAD value under condition of
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different ways of salty water irrigation
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Fig.3 Effects of different ways of salty water

irrigation on wheat leaf light response curve
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Tab.4 Effect of different ways of salty water irrigation on wheat leaf photosynthetic parameters of light response curve

RGO G AR/ FM it F 5%/ JGHL TN AR/ M R/ s W % 3k %/ . .
4b 3R 2 1 1 2 1 2 1 2 1 P A

(pmol*m ™75 ") (wmol+ pmol ™7) (pmol*m™"-s7") (wmol-m~“-s7") (pmol*m™"+s7")
CK 36.09° 0.10° 595. 85 44.86" 4.29* 0. 996
T1 35.99° 0.09° 588.26" 42.96" 3.92¢ 0.997
T2 34.81° 0.08" 583. 65" 44.17° 3.67° 0.994
T3 30.27" 0.04" 582.97* 50. 05" 2.41° 0.991
T4 24.99° 0.02" 563. 69 43.08" 1. 08¢ 0.993

{3 T R R A CK A B 35 IR LAt AR B CKOBG
05 225 ,2013—2014 /N RORBR BN T1 4k
HE CK R 2 P, T4 A0 BUREOR K08 CK 25 AR,
2014—2015 4F R KCR B T4 40 PR 35 1% T oAt
AEFEL,TT T2 F1 T3 45 CK Jo W i 22 5, A ) 4b
BT AN [ 4547y 18] 4 BORE B 285 2R 22 S B0, T RE S AR
A7 T AUREREOR T o 45 A7 5 5 AN (] Ak B 9% b S
FHN T3 AL P 35K T CK, H At Ab B W) ) T 2 5
IR BN 2 AR R A R R B T3
T4 LR B ™ R E AR T CKH T3 % T4 4b PR

P A R T R T2 4 B R RL P R 5 CK
Tl 25 2 4R T4 AR PR 7 22 SR BOR %4k
B JGE W M Ak B 7 22 S i KR AN [
Gl . 2015 4R /N2 A 7 0B MUK B T 2014 4R,
7351 ,2015 4F 4 7 4y [k 2 AE 10 d FifE(E /N & 4K
T, BEOR S T 2014 4R 4 H i FEOK 38 AE 25 d
ZJa KA AR e, T R R D

i B AT R HR T 07 AL JEE 3.6 o/ L Rk E R
AN PR BIROK IR UE AN S T AL HLE K AR (R B
7 TOHE WAL PR /N A 5 B R RE B

RS FAABKMAAXTFERFEMRERHEL

Tab.5 Changes of grain yield components and yield under condition of different ways of salty water irrigation

A PG T/ (B hm ™) TERLEL ThLFH /g P/ (kgohm ™%)
CK (6.08 £0.41) x10°° 24.68 +2.12° 41.95 £0. 84* 6592.5 £235. 3"

Tl (5.88 £0.38) x10°*° 28.10 2. 68° 40.38 +0. 89° 6741.0 +£359. 4°

2013—2014 iv) (6.33+£0.45) x10°*° 24.03 £2.27" 41.83 0. 94" 6519.0 +311.9°
T3 (6.12 £0.37) x10°° 21.98 +1.69" 37.53 +0. 88" 6049.5 £212. 8"

T4 (3.95+£0.33) x10°°" 18.61 £1.51° 40.56 +0. 69° 2370.0 +138.7°¢

CK (5.32+0.38) x10°*" 32.31 £1.93* 38.37 0. 81" 5980.5 +248. 2"

Tl (5.30 £0.40) x10°° 32.62 +£2.26° 37.98 0. 53° 6069.0 +327.4°

2014—2015 v (5.20 £0.39) x10°° 32.13 +£2.14° 38.67 0. 68° 5869.5 +261.6°
T3 (5.13 £0.31) x10°° 30.80 £1.77° 36.54 +£0.51" 5446.5 £231.2°

T4 (4.57 +0.24) x10°°" 27.26 +1.65" 37.78 £0.49° 4620.0 £208.7°
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PIAHE 1 CK A T4 Kb H7E R[] A= 4 B B 4 3 4k 4
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WA PR B . FLOWERS 28 R IR HER
AL 125 AR K SR 1) 2K B, 894 0 T A T T 9 9 A UK
9 B 5, LR R BE B R R K A B R



2017 4

L IBVE Jem

LI Jem

45 60 75

0 15 30 45 60 75 0 15 30
T 0 ) W )/l B AT B WA )/ 2B S5 0 W e )/
(a) CK (b) T1 (e)T2
80 80 —
0 SEhRI% 0 01 2, | atEm
60 0.24 / 0.24
g 0.22 g 0.22
i 50 0.20 Y 0.20
B 0.18 K 0.18
B 40 ki N
iy 0.16 i 0.16
204 0.14 0.14
0.12 - Hoxz
0 0.10 | Houao
0.08 1 EHo.os
104 0.06 10 0.06

0 15 30 45 60 75
LB F5 A e et ) /d
(d)T3

0 15 30 45 60 75
B A W ) /d
(e) T4

S I N I W R e Wl o 5 g

Fig.4 Changes of soil salt content under condition of different ways of salty water irrigation after setting stage
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