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Abstract In order to investigate the effect of irrigation quota on photosynthetic characteristics and yield

formation of maize in saline and alkaline land, maize variety "Xianyu 1225" was taken as the experimental
material. Split-zone experimental design was adopted in this study. Moderate salinity (total salt content:
3.39 - 4.59 g/kg, S;) and mild salinity (1.36 - 2.57 g/kg, S,) were set as the main zones; 5 100(W,),
4 350(W,), 3 600(W,), 2 850(W,)and 2 100m*/hm?*(W,) irrigation quotas were used as the subzones. Net
photosynthetic rate (P,), stomatal conductance (G,), transpiration rate (T,), inter-cellular CO, (C), and
the relative chlorophyll content (SPAD) and photosynthetic metabolism enzymes, etc. were measured at the
corn jointing stage, big bell stage, blooming stage, and the filling stage, respectively. The correlations
between leaf P,, T,, G,, C,, SPAD, photosynthetic metabolism enzymes and yield as well as the composite
scores of each index were analyzed by using analysis of variance, correlation analysis and principal
component synthesis. The results showed that increasing the irrigation amount significantly optimized the
photosynthetic parameters of maize in different saline sites. With the increase in irrigation amount, SPAD,
P., T.and G, showed an increasing trends, while C showed the opposite change trend. Among them, The
SPAD of W; maize in S; was 5. 35% to 14. 59% higher than that of other irrigation treatments. and the leaf P,,
T., and G, of W, were elevated by 8.12% to 53.16%, 4.26% to 38.03%, and 39.86% to 103.53%,
respectively, while C, was decreased by 13.24% to 30.49% compared with other irrigation treatments. In
contrast, whereas in S,, the SPAD of W, maize was 1.09% to 9.64% higher, the leaf P,and G, of W, were
4.80% to 66.7% and 12.31% to 120.60% higher, and the leaf T, of W; was 1.40% to 41.89% higher than
other irrigation treatments, respectively. Aspects of photosynthetic enzyme activities, phosphoenolpyruvate
carboxylase (PEPC) and ribulose-1, 5-bisphosphate carboxylase/oxygenase (Rubisco) activities of W,
maize leaves in S; were 12.95% to 118.06% and 19.57% to 71.87% higher than those of other irrigated
treatments, respectively; while in S, PEPC and Rubisco activities were 23.81% to 105.94% and 1.75% to
28.89% higher than other irrigation treatments, respectively. Under different saline conditions, the yield
was highly significantly positively correlated (P<<0.01) with SPAD, P,, T,, G, and Rubisco activity content,
and significantly correlated (P<<0. 05) with PEPC. Still, all were negatively correlated with C.. The results of
principal component analysis showed that the composite scores of the S; and S, treatments were W,>W,>
W,;>W,>Ws,. In summary, the optimum irrigation water quantity for saline land in maize production area of
Ningxia was 4 350 m*hm? .

Keywords irrigation quota; saline and alkaline land; yield; photosynthetic characteristics; maize
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Fig. 1 Rainfall and mean temperature during the 2023 maize

growth period
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Table 1  The basic properties of the saline-alkali land (soil layer 0 - 40 cm) in the experiment field

LR 2 /em dhi/ AU/ AR/ AWE/ WA/ B/ EAE/ i/
The degree Soi?h o (g/kg)  (g/kg)  (g/kg)  (g/kg) (mg/kg) (mg/kg) (mg/kg) (mg/cm®)
of salinity o TDS OM TN TP AN AP AK Capacity
S, 0—20 8.92 4.59 12. 24 0.79 0.71 57.22 1.33 135.98 1.61

=20—40 9.01 3.39 11.93 0.66 0.63 54. 31 1.12 126.42 1.65
S, 0—20  8.60 2.57 9.76 0.78 0.76 32.65 3.16 71.02 1.61
=20—40 8.75 1. 36 9.45 0.58 0.76 25.45 3.01 60. 68 1.77

TE =S S, 205 Ay b L AR P AR . R IR

Note: S, and S, are moderate and mild salinity, respectively. The same below.
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Table 2 Spring corn irrigation program under different treatments m’/hm”
Qb 2 H  Date o5
Treatment 04-25 05-20 06-05 06-20 07-05 07-15 07-25 08-07 08-17 08-27  09-07 Sum
T, 450 405 600 600 510 510 510 405 405 405 300 5100
T, 450 330 525 525 435 435 435 330 330 330 225 4 350
T, 450 255 450 450 360 360 360 255 255 255 150 3600
T, 450 180 375 375 285 285 285 180 180 180 75 2850
Ts 450 105 300 300 210 210 210 105 105 105 0 2100
x3 BIRAR
Table 3 Fertilization plan kg/hm’
ek HH# Date yon
Fertilizer  04-25  06-05  06-20  07-05  07-15  08-07  08-17 Sum
N 30.0 54.0 54.0 36.0 36.0 45.0 45.0 300
P 15.0 27.0 27.0 18.0 18.0 22.5 22.5 150
K 12.0 21.6 21.6 14. 4 14.4 18.0 18.0 120
1.4 MEmMBRFGE ) EBRE4H
L4.1 koh#k IR
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significant (P<0. 05). The same below.
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Fig. 2 Maize SPAD under different irrigation treatments
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Table 4 ANOVA on the effects of salinity stress and irrigation quota

on leaf SPAD at different stage

4] Stage

5 5K —
Source of CV P

Jointing stage

PNUILN=E
Big bell stage

S ns
W kk
SXW ns

TFIEH R
Blooming stage Filling stage
k3k sksk
3k sksk
ns sksk

TS, SRR s W, B S A <SR A 6 (P<C0. 05) 5+ s B 3 AH 5 (P<C0. 01D sns R A

2% TR,

Note: S, saline-alkali stress; W, irrigation quota.

* significant correlation (P<C0.05) ; **, very

significant correlation (P <<0.01); ns, not significant. The same below.

1, S 0 W, KM R Pfie ey, B0 H A 0 4 3855 531
B 25.00% (W) L 9.86% (W,) . 38.00% (W) Fi
148.83% (W2, i S, Fl W, %5 H b 38 10 Ak #4843 531 =5
H4.80% (W) . 15.00% (W,) |, 43.00% (W,) I
66.70% (W) o FE KBNS, f1 S, /) P, ¥ £
kW T A HE AR B A S, R, B WS I Ak
Hh W, 55 At E B A B T W3 25 S (P<<0.05),
1M S, WL bR 5 W, TG 83 22 5 46, 55 H Ath 1 0% b 21
255 1 25 (P<<0.05) o A8 W], AN [) & o6 1 7 £ oK
P 2R A W, > W, > W > W, > W, , W, 2 i
F T H A B AL B (P<C0.05) . TETEM I, S 1)

EX P @AW SW, W, W, W, TS,
1 E K P REAR S W SW W >W, W, H
W, 5 W, TG i 3 22 5 (P<<0.05),

HY 26 5 RT N, R B RE B R R A A Y 3 )
KA A KW P,(P<<0.05) , £ B 5 7 8 I/ X
AT P A M B2 S (P<<0. 01, % Kol w4
A 2 R I (P<<0. 05) , T 4 JF 48 31 1 5 41

FAENTE
2.2.2 HERCHFwW

IR 4R, 78 S, M S, b, ok CRfi 5 A4 & I
HAHESE 2 K a3, BRI WA B . Eok
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Fig. 3 Maize P, under different irrigation treatments

£S5 HEEFEKETNAEEBMF P, ZWATESFT
Table 5 ANOVA on the effects of salinity stress and irrigation quota on leaf P, at different stage

A ] Stage
A5 5K R
&l H Sl
Source of CV L LR AN i
Jointing stage Big bell stage Blooming stage Filling stage
S k3 kk Kk K3k
W kK kK K3k K3k
SXW ok * ns ns

I Stage

TR
Jointing stage

R mm 1 4
Big bell stage

Crtey
gl(:)loming stage
{ 7K 7

Filling stage

@s§, ®) 5,
B4 AEEKGETENRDC

Fig. 4 Maize C, under different irrigation treatments

T IAAR WU T , S, RS, ) R K R R G Ak W, >W,>W,, S, i W, E kM J C % 5 Ath 8 5 40
LA W ik 3 B T H A I AL BE (P<<0.05) . R 48 FHE 9. 97% ~38.91% , 1M S, i) W+ %5 H Al 7 8% A
.S, 5S,MERTH CHEIRYNW.>W, > B 26.01%~47.89% . HEFW .S 5 S, 19T K



34 o R O K 2025 4 %5 30 &

R Gy R CE W, B K T b B A B KN C(P<<0.05) , £h i 55 7 W &5 4E %o 2
(P<<0.05), W CA B 5 (P<<0.05) , %45 35 1 e mi w1
2 6 T 0, Eh Bl R R 2 T B S R K 0 FF A6 31 0 52 R 2

Fo6 HEMBEMEKREANSENEME CEMAFTESN
Table 6 ANOVA on the effects of salinity stress and irrigation quota on leaf C; at different stage

A3 Stage
K — —
Source of CV Lk ENCULNEE TF A TR
Jointing stage Big bell stage Blooming stage Filling stage
S ns ok ok *
W *kk k3 kk 3k3k
SHXW ns ns ns *
2.2.3 MERGCHYH LS W KB F G B A A 553 3

M S AL J L 7E S RS, i, Bok GUBE#E A R i 15.96% (W,) (16.35% (W,) (41, 78 % (W) #l
] Y R K R S A Rl . T 152.68% (W) (P<<0.05) 5 1l S, i W, £ K G 48 H:
W1, R TR 5 0 ) oK i Gl BVIR Y SE W > b JEE T b B3 500 5 12, 31 % (W) L 12.85% (W) |
W, >W,>W,>W, 76 S, 1, W, 1 2 & T A % 43.09% (WO 120. 60% (W2 o FF 48 3 FE 2% 11,
A F(P<20.05) 51 S, 89 W 5 W, 2 8] G i % 22 S, S, 1 E K G s BLR O W W, > W, >
AN R T A AR B (P<C0.05) . KMl ml W.>W, H W, 3 & 25 T H A4 3 (P<<0. 05)

1Y Stage
el g
Jointing stage

R m w13
Big bell stage

[ R
Blooming stage
G s
Filling stage

®)s;

5 AEEKLETEXRMNG,

Fig. 5 Maize G, under different irrigation treatments

P 26 7 AT 0, b w0 RN T I S A A B R R PRI A BRERILA BN, S0, S, M E
K& KW G.(P<<0. 01, 3h 58 5 #E 8% B /F % 3k 15 KT SRR W, > W > W, > W, > W, W, Ho A
e wC E A R AR GO A B R X R TE A 43w 7. 509 (W) L 18. 75 % (W) . 20. 00%

WA 2520 (P<<0. 05) . (WOHN56. 16 Y6 (W ) Sul K T BN W > W, >
2.2.4 SERTHH% W, >W,>W,, W, 4 H: Al 7 I AL B 4331 =5 H 8. 90 %

m & 6 A, 7E S RS, 1, 2K T BE 5 A= 75 I 3 (WD 1. 40% (W,) 20. 77% (W) FI41. 89% (W,) . K
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Table 7 ANOVA on the effects of salinity stress and irrigation quota on leaf G, at different stage

i3 Stage

A5 5K — —
Source of CV LG NCILINEEE TFAE IR
Jointing stage Big bell stage Blooming stage Filling stage
S kK k% kk k%
W kK k% kk k%
SXW ok K% Kk %

W WA T30 FFAE RN S 30 ASTR) B B b Y T K T Bl 4.26% (W, 16.67% (W) .20. 99 % (W D F138. 03 %
TR i PR A BT B R, B BRSO W, > W, > W > (W), S, 1 W 5 Al 78 0 &b B3390 i 1 9. 49 96 (W) |
W, >W.o BERRI, S B W 55 HAth 7 A B 43351 w5 1 32.54% (W) 44, 27% WO 74. 21 % (W.)

Aif4] Stage

SE7 5t
Jointing stage

C om0
Big bell stage

e

Blooming stage
C
Filling stage

(@) S, ®) S,

6 AEEKLETEXRNT,

Fig. 6 Maize T, under different irrigation treatments

P 2% 8 AT, b ma RN T R O A A S R R ookl oW R AW TR R E W
K&K T.(P<<0.01) , Eh 5 5 % B 4E %4k T (P<<0. 01, XA B (P<<0.05),

*8 HEMEBEMEKEANFEMNEMF TEWE A ESH
Table 8 ANOVA on the effects of salinity stress and irrigation quota on leaf T, at different stage

4] Stage
75 5K IR ‘
Source ot CV Sk IR T I
Jointing stage Big bell stage Blooming stage Filling stage
S K3k 3k 3k3k kk
W %3k kk 3k3k k3
2.3 HBEKEBRETXNEKLSEHNZIE PEPC #l Rubisco i ¥E ¥ K B8 W it . Si 9 W,

B & 7 AT, S, B9 - - PEPC #1 Rubisco 1% 1 1 oKt B PEPC I 4 %5 H: At E Bt 4b B 4 01 &5
BEET S, (P<0.05) . JFAEW], AT 858 & 14 14 10.84% (W,) . 22.67% (W) . 31.43% (W,) HI
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Fig. 7 Changes in photosynthetic enzymes in maize with different irrigation treatments

53.33% (W), i S, W.Bs 5 W, BB E 2545, 5
JHC b BE b P 22 S Y GR35 K F (P<C0.05) S,
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Table 9

ANOVA on the effects of salinity stress and irrigation quota on
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5 b A5 5 ok IR IF 4639 T 3% 10
Index Source Blooming stage Filling stage
S Hk ok
PEPC it W s o
PEPC activity
S ok kok
Rub?sco {E‘ﬁ’ w o »
Rubisco activity
SXW *x *

2.4 EEEREBREHXEK SR OIS H %K

SIEA|
2.4.1 FERFZHHHR

H Pl 8 AT 1, S, Hh 45 W I Ak BE ) R OK R
FE T S(P<0.05) . S, W, Y ok 7= i R B i
e, W, 55 e At 7 T Ab BE 4 ) 4. 20% (W) |
8.64% (W, .10.69% (W) 31.34% (W) ;1M S,
T K e A B e W, W B H At VB Ah B 45 )
H5.45% (W,) L 26.09% (W) | 43.21% (W) I

46.84% (W),
2.4.2 MNERFEWEHEMG LG A

BT 9 AT AT, 38 5 XA R 3 A 45 1F T 7 i S
KA AT PG 7 B R B, S, BV K 5 X oK
WY SIE 206 &, S, 1 HE /K B8 X B oK 7 &= 5
Mol 52 R BRBOC FR o Sy Y K 7 1 1 7 iR B Bt K
3 S G0 A A s Ak S 0 HE K A, WL I
77 A B INE FE R R LA SR WOR W R K i R
L, B, WSk A A I E . S, R OK T B



%5 5 L X 2 A5 K R A () R R R T oK Ol R S B R ) 37

o =3s, Ems K 0502 e T U 1 9 4 R R
b a W, B K7 e m, H & m T W (P<<0.05), Ktk
= b e
T . & i W, Ay 3 T4 T T
£ L
mﬁ? d 2.5 AEFHHEREKRFENHEXGESH
a
= 0 b RS ORI IS I N 7R 17 S5 Bl N 5 S [ e 5 .2
4 4 57k G . AER R AR B R R
( r SPAD. P,. G.. T, 1 Rubisco ¥ & & & & 1F #H 3%
W W W W W, (P<C0.0D), 55 PEPC & i % 4 5 (P<<0.05) , {14y
7K (m¥hm?) Trrigation amount 5 C,;Eéﬁzl I e I Slﬂl S, E‘Jﬂiﬁkfgiﬂf]‘i/ﬁ\:ﬁ[ﬁ
- B8 AREALETIROSE B RR A G , ELBERR G R BN L I G
Fig. 8 Maize yield under different irrigation treatments 67 AR
120 @s, Br s,
11k 17+
EE 10 ?E/:J 161
i 57
S 3913 835,31 1=(3.8+3.2)x—(6.8x10£2.6x10-")x2
y=11.8-{3. Hx 3)l08 N
8 R=0.999 83 14 R*=0.940 34
72 100 2‘600 3 ‘250 3 ‘900 4 ‘550 5 iOO 1% 100 2 ‘600 3 ‘250 3 ‘900 4 ‘550 5 iOO
7K /(mo/hm?)  Trrigation amount 7K H/(m/hm?)  Irrigation amount

B9 FEEKSEEEKFE DI 2

Fig. 9 Regression simulation curves between different irrigation treatments and maize yield

"o

X“ X“ 0.8
"y 0@
g)@..‘ ;EXl..‘ 04
0000  000® 02
: 00000 - 00000 02
" 900000 “ 000000 04
9000 OO6O P OP00OO® J
00000000 -00c00cool”
X, X, X% X X X X X X, X, X X X X X X -

W
=

2% Parameter Parameter

@S5, () S,
X,,SPAD;X,,P,;X;,C5X,,Gs;X:, T X5, PEPC; X, Rubisco; Xg, 77 f o *fil43 51 Fe 78 78 P<<0. 05 Fl P<<0. 01 /K ¥ B A6 .
X,,SPAD; X,,P,; X;,C;; X,,Gs; X5, T,; Xy, PEPC; X, Rubisco, Xg, Yield. * and ** were significantly correlated at P<<0. 05 and P<<0.01,

respectively.

E10 EXEEGHUESFENEXELN

Fig. 10  Correlation analysis between photosynthetic characteristics and yield in maize
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