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Effect of Alternate Irrigation with Fresh and Slight Saline Water on Physiological
Growth of Summer Maize in Coastal Reclamation Area
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Ministry of Education, Nanjing 210098, China
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Abstract. Coastal areas in eastern China have a large amount of reclaimed land and slight saline water
resources. In order to exploit the reasonable and sustainable utilization of them, a pot experiment was
carried out to investigate the characteristics of soil salinity, photosynthesis parameters, oxidation
parameters, antioxidant enzymes activities, growth, yield and water use efficiency of summer maize ( Zea
mays L. ) subjected to three alternate sequences (i.e., BFF. in which maize was irrigated with saline
water at the seedling stage and fresh water at other stages; FBF . in which saline water was irrigated at the
jointing stage and fresh water at other stages; FFB: in which plants were watered with saline water at the
reproductive stage and fresh water at other stages) with three levels (i.e., 1 was 1 g/L NaCl; 3 was 3 g/L
NaCl; 5 was 5 g/L. NaCl). The result showed that under the same salinity of saline water irrigation, the
descending order of soil salt content distribution in upper layer was FBF, FFB and BFF. Net
photosynthetic rate ( P, ) and stomatal conductance ( G,) of summer maize leaves under slight saline
water irrigation were decreased compared with that under fresh water irrigation throughout the whole
growth period (CK). Under the same salinity irrigation, the descending order of P, and G, was FFB,
BFF and FBF. Intercellular carbon dioxide concentration (C;) was decreased due to stomatal limitation,
but with the increase of irrigation water salinity, non-stomatal limitation caused C, to increase in 5 g/L
treatment. FBF5 had a maximum increase of 19.44% at 81 d and FFB5 had a minimum increase of

1.38% at 108 d. Hydrogen peroxide and malondialdehyde (MDA ) in maize leaves under saline irrigation
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was higher than those under freshwater irrigation. At the same time, the activities of superoxide dismutase
(SOD), peroxidase (POD) and catalase ( CAT) were also increased. However, limitation of the
activities of POD and CAT was observed in FBF5 treatment, but it was still higher than those of CK by
37.67% and 13.71%.

inhibited the growth and production of maize, resulting in the reduction of plant height, leaf area,

Compared with CK, alternate irrigation with fresh and slight saline water

growth, yield and water use efficiency. In addition, these adverse effects were more evident in BFF and
FBF, because the salt resistance of summer maize was not fully developed and it was more sensitive to
salt stress caused by brackish water irrigation. Maize suffered from the most deleterious impact due to
saline irrigation during the jointing stage, leading to the most loss of growth and yield. It was confirmed
that although maize became more tolerance as crops developing, enhanced crop evapotranspiration also
caused more intense salt stress at the jointing stage. Its increasing salt resistance was still insufficient to
overcome the corresponding salt stress. In all alternate sequences, the order of water use efficiency
(WUE) of summer maize from high to low was FBF, BFF and FFB. As the degree of salinity was
increased, the WUE of FBF5 was the lowest, which was decreased by 38.04% compared with that of
CK. Based on the analysis of the experimental results, 1 g/L and 3 g/L salinity water irrigation can be
applied at the seedling stage with negligent negative impacts on maize production, and higher salinity
irrigation can be used at the reproductive stage, while freshwater irrigation was more appropriate during
the jointing stage.

Key words: summer maize; slight saline water; alternate irrigation; photosynthesis; oxidative stress;
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Tab.1 Basic physical properties of experimental soil
N + MR AR 4 A6/ % AT v,/ FH ] 455 7K 2/ HL G/
+ 4 \ : _
KL (0.02 ~2 mm)  F3Ki(0.002 ~0.02 mm)  Zi47(0 ~0.002 mm) (grem™?) (em®-em™?) (dS-m™")
A4+ 24.77 45.16 30. 07 1.38 31.9 2.18

TE - H L35 K 3 DL BT 7 80T

1.3 fmigit

SR B A% 35 em 55 65 em [ B R HEFT B Kk
T A AR U, A S P ol 2 b ) v FROR Y R R 29,
B 79.7 kg 4, L EAKT G it
2 mmfii SR 5 H A B FE 2 60 em 5 B, ) HEAR
TN AR B S BR A TE 1. 38 g/em’ o A 1 JEE
FHHLESEDUJE B s 4 A EAE N 2 em HEKFL, &
DK AR A i T 1 TIE R TE 35 BT R 3 S IR A 3 0 ~
20 cm [ 1,

DA T RAS [F] A 0 R () b B2 18 BR K A

HEHEAE WRE K BERE A A B IR0 20 o 3 A B B oot
B (45 3 i 255 8 I, 19 ~ 41 d) BT ik i 0
(55 8 mh Z Al E I 42 ~ 83 d) FIHE 3K AU (k22 3
FERPGY 84 ~ 129 d)  HEWIR A O, A
YR I B 3 R A BRI Oy 2 O iR IR
(BEF) 45 H- 187 391 8 308 03 7K, JEG At AeF 397 98 30K 15k K

@ WRJA R (FBF ) 45 #5715 4l hfe 07 908 30 B8k /K, G A
B BAE R IR K . B “IRIR " (FFB) 48 ¥E H il 24 1A
VR SURLK A s 301 R TR K IR B B AN K 2
KW 1 X T b PR (CK) o (MUK AR B 5 3 b

MHR TR, BE 1D 2EFH#ERRK KFER&E (.35 /L), 310 b, 544
(0.12 g/L NaCl) % BEAL# (CK) . ERFFF 2017 # 3 wEL, it 30 DR HEAT I, H AR 7
46 1123 HARF, 45 AT R RO AR, Rk 2,
R2 BRAZHERREATR
Tab.2 Experimental design for alternate irrigation with fresh and brackish water g/L
HH CK BFF1 BFF3 BFF5 FBF1 FBF3 FBF5 FFBI1 FFB3 FFB5

I F 1 3 5 F F F F F F

P e F F F F 1 3 5 F F F

MR A F F F F F F F 1 3 5

T F AR HEBE, 807 AR A [ 07 Ak B2 A UK HE 388

FERHTR IR K , i L35 KR IK B 70% ~
80% (1% H [A] 7 7K 22, LAGRAIE 1 2F 38 & oK 4)) i 1 Hip
WK ﬁﬁ%%ﬁ 5 EKFF,S d e e,
TE = E 1o A W) 46 B2 fURU/K 1y NaCl g
NCRIIPSAS EHII% 3 d P 45 S de B A (TDR ) dhs
THEE KR (SWC) o F—XF TDR R4+ 43 0 7K - T
BHAEO0~15cem 15 ~30 cm 30 ~45 cm 45 ~ 60 cm

B A S M 5E 8 A4S TDR #E L3 1Y

TR LIRS T R, O T KR
P ) 7 T B FE 7K R 1) 65% ~80% , 41 il Ik 1) A

RN B S K R A 7 H )RR K R
75% ~90% , 4 R WEWE 2. 5 L /K &, 50 33 R 75
K, Bk TR 128 K5 Ui 3k, H Uk B B O L
*£3,

R3 BLAEEKEL

Tab.3

Irrigation amount for each irrigation treatment L

e 7HI2H7HI9OHT7H30H 8H8H 8HI1IH8H2H8H29H 9A3H 9HIOH9OHI6OH9OH2H9H28HI1I0HT7H

CK 2.5 2.5 2.5 2.5 2.5 2.5
BFFI 2.5" 2.5% 2.5% 2.5 2.5 2.5
BFF3 2.5% 2.5% 2.5* 2.5 2.5 2.5
BFF5 2.5" 2.5% 2.5% 2.5 2.5 2.5
FBF1 2.5 2.5 2.5 2.5% 2.5% 2.5%
FBF3 2.5 2.5 2.5 2.5% 2.5% 2.5%
FBF5 2.5 2.5 2.5 2.5% 2.5% 2.5%
FFBI 2.5 2.5 2.5 2.5 2.5 2.5
FFB3 2.5 2.5 2.5 2.5 2.5 2.5
FFB5 2.5 2.5 2.5 2.5 2.5 2.5

2.5 2.5 2.5 2.5 2.5 2.5 2.5
2.5 2.5 2.5 2.5 2.5 2.5 2.5
2.5 2.5 2.5 2.5 2.5 2.5 2.5
2.5 2.5 2.5 2.5 2.5 2.5 2.5
2.5% 2.5% 2.5% 2.5 2.5 2.5 2.5
2.5% 2.5% 2.5% 2.5 2.5 2.5 2.5
2.5% 2.5% 2.5% 2.5 2.5 2.5 2.5
2.5 2.5 2.5 2.5% 2.5% 2.5"% 2.5%
2.5 2.5 2.5 2.5% 2.5" 2.5% 2.5%
2.5 2.5 2.5 2.5% 2.5% 2.5" 2.5"

T #R HE B RUBOK , FoAt D B R K, B AR K 4
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Fig. 1

Electrical conductivity of soil saturated extract in different soil layers with different irrigation treatments
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Tab.4 Correlation coefficient between irrigation method and salinity of brackish water on each parameter

HEWEHT (19 d) ALV (39 d)

W
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#

e 7 =X WAL 7 = AL B HE 7 =0 WAL HE 7 5 WAL W7 = (43
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C, 0.741 0.944 0.707 EE T 0. 886 EE * EEE 0. 060 EE
H,0, & & 0.708 0. 604 $okok sk ek ootk sk sk Hkok 0.333
MDA &+ 0.386 0.208 stk sk sk EETS ke sekok sk sk
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Fig.2 Changes of photosynthetic parameters under different irrigation treatments
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Fig.3 Changes of oxidation parameters of maize leaves under different irrigation treatments
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Fig.4 Changes of antioxidant enzyme activities in maize leaves under different irrigation treatments
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Tab.5 Effects of different treatments on growth, yield and water use efficiency of summer maize
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