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Effects of film mulching and drip irrigation on photosynthetic
characteristics and grain yield of maize in saline-alkali
soils of arid and semi-arid regions in Ningxia

MA Linyi', WANG Jing’* ,SUN Haojie' , LIU Jili’

(1.School of Agriculture,Ningxia University, Yinchuan 750021, China;2.College of Ecology and Environment/National Key Laboratory
for the Cultivation Base of Land Degradation and Ecological Restoration in Northwest China/Key Laboratory for Restoration

and Reconstruction of Degraded Ecosystems in Northwest China, Ningxia University, Yinchuan 750021, China)

Abstract ; [ Objectives ] This study was conducted to investigate the photosynthetic physiological response characteristics of maize
planted in saline-alkali soils of arid and semi-arid areas in Ningxia under different film mulching patterns and drip irrigation quotas,
and to reveal the intrinsic mechanisms by which film mulching coupled with drip irrigation improved crop yield and water use
efficiency from the perspective of photosynthetic physiology. [ Methods] A split-plot experimental design was adopted in this study,
with drip irrigation quota and film mulching pattern as experimental factors. The main plots consisted of five drip irrigation quota
levels:4 200 (W1),3 750 (W2),3 300 (W3),2 850 (W4) and 2 400 (W5) m’+hm;the subplots were assigned to two
mulching treatments, i. e., film mulching and no mulching. A total of 10 treatments combinations were generated, with three
replications for each treatment. [ Results ] Under identical film mulching conditions, maize chlorophyll content ( SPAD value) , leaf
area and photosynthetic parameters ( net photosynthetic rate, transpiration rate, stomatal conductance and intercellular CO,
concentration) exhibited a unimodal trend of increasing first and then decreasing across the whole growth period. All measured

indicators reached the highest values under treatment W3, followed sequentially by W2, W1, W5 and W4. For a given drip irrigation
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quota,all above-mentioned indicators under film mulching were significantly higher than those under no mulching. Specifically, at the
drip irrigation level of W3 (3 300 m®-hm™) , film mulching significantly increased leaf area,SPAD value,net photosynthetic rate,
transpiration rate,stomatal conductance and intercellular CO, concentration by 3.13%-40.10% ,1.55%-13.80% ,4.96% —58.06% ,
23.76%-106.00% ,0.85%—14.58% and 54.67%—82.58% ,respectively. The interaction between drip irrigation quota and mulching
pattern exerted significant effects on yield components ( P<0.05). Relative to film mulching, grain yields under no mulching
decreased by 4.89% ,3.58% ,7.14% ,1.50% and 3.36% for treatments W1 to W5, respectively.[ Conclusions ] The dripirrigation quota
level of 3 300 m®+hm™ combined with mulching film could significantly promote the improvement of chlorophyll content( SPAD) , leaf
area,and photosynthetic indexes of maize in saline soil and increase the yield,and better cultivation effect could be realized.

Keywords : photosynthetic physiology ;drip irrigation ;cover with mulch;saline-alkali soil ;maize
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Table 1 Precipitation and average monthly temperature in Huinong district, Shizuishan city,

northern Ningxia from January to September in 2023

F8H% Index 2023-01  2023-02  2023-03  2023-04 2023-05 2023-06 2023-07 2023-08  2023-09
SHR/°C Air temperature -6.5 -0.2 7.1 11.4 19.0 24.3 26.1 25.0 19.8
[% 7K f/mm Precipitation 0.0 0.8 0.0 13.9 15.7 6.1 18.4 29.0 13.0
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Fig. 1 The average daily sunshine and radiation in the experimental study area
from March to September in 2023
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Table 2 Mulching and irrigation treatment schemes at different growth stages m?+hm™
TRV F A K ZE A0 Iirigation quota in different growth stages —
- - N . e o HEIK B 5
s P i WOOMEEN MBIl R RN e
Treatment Winter irrigation  Seedling stage Jointing and Male spawning Silk grouting Filling maturity of irrigation
tasseling period period period period
W1 1 050 0 900 900 900 450 4200
w2 1 050 0 900 900 450 450 3750
W3 1 050 0 900 600 450 300 3 300
w4 1 050 0 450 450 450 450 2 850
W5 1 050 0 450 450 300 150 2 400
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Fig.2 Effects of film mulching and different irrigation amount on chlorophyll content at different stages
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indicate the treatment with the drip irrigation quota of 4 200,3 750,3 300,2 850 and 2 400 m® -hm™2. R[R/NE FHACEAE 0.05 KFE-2£ 53 03

Different lowercase letters represent significant differences at 0.05 level. FI5] The same as follows.
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Fig. 3 Effects of mulching and different irrigation amount on leaf area at different stages
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Fig. 5 Effect of film mulching and different irrigation amount on net photosynthetic rate
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B, W3C ALFAH L W3B LB TH 5 R W R A A S U o3 0 4 82.58% .73.36% |



55 4 3] LhRRE 45 BB HE X T BT G T R R KO B R R b B S 807

56.74% .54.80% 1 54.67% , X FWIHHE -5 EEX ML CO, WEREA B F M, —F 2 B0 EKREEA
A H R CO, e HA B

150 - $17 1] Jointing phase 250 - i ﬂ:;ﬁ%‘i Flowering stage 350 - FLEJY Milk ripening period
< = [ c L
T8 A T c 200 {4 R 300 =
- c f g i h b ¢
g 8 g 250 F ¢
= 2 100 . h g £y
£z - 1500 200 P
g o
= = H 150
g 5 100
o g 100
= & 50 1
= & : 50
r
0 | 1 1L L dil I S I S N . ) 1 1 I S I N - I . 0 | I .. I8 S 1 S I S S A N N W
WIC W2C W3C WAC W5C WIB W2B W3B W4B W5B WIC W2C W3C WAC W5C WIB W2B W3B W4B W5B WIC W2C W3C WAC W5C WIB W2B W3B W4B W5B
AbFR Treatment AbFR Treatment AbFE Treatment
_ 3507 g wax ripening period 350 SE#Y] Maturity period
= g 300f a 300 - a
9 =4 b
g & 250F. e 250, _ :
-~ 3 g £y g f
S S h )
22 200 ioi 200 i
£
< = 150 150
owog
¥ £ 100 100
- 2
=750 50
0 | I . I S I S S I A N N e 0 | I . I S S N S N A A N AW e
WIC W2C W3C WAC WSC WIB W2B W3B W4B W5B WIC W2C W3C WAC WSC W1B W2B W3B W4B W5B
AbF Treatment AbEE Treatment
Be6e BESAREREMNSASENZN
Fig. 6 Effect of film mulching and different irrigation amount on stomatal conductance
#191] Jointing phase ek Flowering stage FL#A] Milk ripening period
150 150 150 2
~ 5 2 M
3 g @ b b
g g b ¢ M c [ d
5 § C e d c
2 2 100f, a 100 100 ;
g 5} £ g
= A g
% 8 f h h i
® g . i i )
S 2 50 i 50 j 50 j
O 5 J
E
= E
| I .. I8 S T S I S S A S W 0 | 1 I8 S T S I S S A S W 0 | 1 I8 S 1 S I S S A N N W
WIC W2C W3C WAC W5C W1B W2B W3B W4B W5B WIC W2C W3C WAC W5C W1B W2B W3B W4B W5B WIC W2C W3C WAC W5C W1B W2B W3B W4B W5B
Kb P Treatment Kb P Treatment Kb P Treatment
I ] Wax ripening period SEAUY] Maturity period
- 150 a 150
~ § b ] 2
—_— — b
g ’g < e d c [ d
5 2 c
Eg o e 100 L
= S ’ i d .
® 5 j P
o' 35 50 50
O 3
=
-
0 | 1 I8 S T S I S S A S W 0 | 1 I8 S T S I S S A S W
WIC W2C W3C WAC W5C W1B W2B W3B W4B W5B WIC W2C W3C WAC W5C W1B W2B W3B W4B W5B
Kb Treatment Kb P Treatment

7 AERBAEZEKEXSERLEXE CO, RERRM

Fig. 7 Effects of irrigation patterns and mulching treatments on intercellular CO, concentrations at different stages
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FE R — B IR BT, I FEAR AR B/INB AR BRAK IR K05 W3 W2 W1 W5 W4, Ho W3 Ak B % 4% 1 4 {H
(JEFCR ™ ) Bt . ARV B0 T, 250 1 G AN B2 IR AL ]G 7™ 0 57 AH LU AL BRARR , 70501 4.89%
3.58% .7.14% .1.50% . 3.36% , PN 1t , 72 JI b B Ay 7™ 243 o AN 8 M Ak B, 7 8 I b 2 e W3 Ak B
R

TEBLFEACAETS | B HE A sl )N, 7 i B AR B TR 3R B AR A S5 - 7EREER 5 AT, W3 Ak B ) Bl
R, WA AP A AE R DT 1T, W3 A0 BE A RE I frp 1, W4 Ak B 7 DR D7 1, W3 Ak B ) FREOR A AL
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W4 LA ERRA T RO 18, W3 Ab P AR 5 £, W4 A B /D s ZE AR B0 1, W3 Ab B A AR A TR
B2 , Wa Qb B /D 78 ok 8 7 1), W3 AL k7 o 5 o, W4 AR B i B2 e P T, W3 AR B Y R
B, Wa AbBRERAR

PEANTEEGRAE T, Bl HE AR sl | 77 e B A Bl PR 28 ) AR AR R 3 an T - AEREEE 1T, W3 A B )
e, W4 AL A AEARA 1T, W3 AR 3 AR K, W A 38 g 5 A RO 5 1T, W3 A B R A
H, W4 Ab3 i 20  7E R T8O T, W3 A B T BUR 22, Wa AR /D s FERERA TR B0 THT , W3 A FH A R A T
BRI 2, Wa Ab /b 78 AR T, W3 DAY R e o, W4 Ab PR AR AR e R T, W3 ALY
SR, WA ARBRERAIR 3 X AT DL BR, 7 A B TN AL EE LA W3 R R R, A
AR FE R B BORL R AT B R AR B, e RN R T ) 14.08% . 14.21% .7.61% |
6.25% .13.33% ,10.52%F1 7.14% , % 3% Wi 1 5 20 BT 7 o o HLAR Bl IR 28 HAT W 2 5 ), — 3% 52 L[]
REXT P S HA R P 2 LA R

%3 FREZEBEELETERNHTER=EHA MK

Table 3 Yield and yield traits of maize under different irrigation and mulching treatments

kb3 /g i /em HHL/mm RATH RATRIEL OREE o (kg-hm™?)
Treatment Spike weight Spike length Spike diameter Number of spike - Number of grains lOO-graln Yield
rows per row weight
Wi1C 279.44¢ 22.59¢ 51.76° 37.33b 18.67¢ 38.02° 13 899.66°
w2C 285.92" 23.53" 52.66" 38.33" 20.67" 40.61° 14 072.67"
W3C 296.15* 24.48* 55.54* 39.67° 22.67* 41.86" 14 962.17*
W4C 260.49¢ 20.59¢ 49.23¢ 35.67¢ 16.00¢ 36.09¢ 13 092.16°
W5C 264.02¢ 21.25¢ 49.95¢ 37.00¢ 18.00° 36.38¢ 13 517.434
W1B 247.87" 20.16" 49.81° 35.00™ 16.00¢ 35.73¢ 13 250.65¢
W2B 250.78" 20.62" 50.59" 36.00% 18.00" 36.73" 13 585.93"
W3B 259.59° 21.44° 51.61° 37.33* 20.00* 37.88" 13 964.55°
W4B 235.53¢ 18.634 47.70° 33.67° 16.00° 33.20° 12 898.18°
W5B 245.90¢ 19.48¢ 48.57¢ 34.334 16.00¢ 33.93¢ 13 077.48¢
W 174.19 *** 93.86 *** 424.60 *** 24.16*** 68.00 "~ 392.97 *** 466.82***
F 1 385.69 *** 388.44 *** 593.53 *** 76.56*** 75.00 *** 943.17 *** 571.62 %"
WxF 19.06 *** 4.20%* 24.25*** 0.16 5.00 " 12.30 *** 32.93***
T W KA The irrigation amount treatment ; F. 7 JRAL B The mulching treatment. * P<0.05, ** P<0.01, *** P<0.001.
3 it
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T RAE A SR E R AR, HOEF AR R H O T8 B A R T m s R R A
BEIHI AL R TREX Z RS TR E AR, TR SR KRR Y R i
TG, 17 b A7 5 R 1 3 1 s b AT 25 SR S K A R R BE 1 A R X — BRI TR
A VA TR 42 BE A 1) 553 1 SR 0 SR ORI R %) A B 2 850, AN ) 9 B A 88 %o A e P T L 5 S ZE AH N 5%
A B E AR AR A R T R e B A AR P R R R i S i
FUHRBCOY AW ZE 0 (P<0.01) , 7EARRIHEHE 450 T A AL B i 2 25 % 1 5 i T R 40008 Wl 3
m TARE AL (P<0.05) , H 76 JE A 3520 PN 45 T HE B0 B2 48 A AR B/ 9 A BRAR R O W3 W2 W1, W5,
W4, FAREAFHNMRERE SR SR B IEME(r=0.87,P<0.01) , & shaS L1 2 9« s
™ RRAE , BIVER YT 1A 22 0 R T v, S A S0 3 R R BB A B i TR S SR 2R B I R T RO
Lk i > R At — 8, HALH T Al B 5 E ] oK 2Kk B E R R R K R
MR R 6 1 500 B RuBisco B& M, Pl BB G A AR AR AR R AE 1 ABFFE T, W3 403 (3 300
m’ hm ™) FRAAE T B0 A W 3 AR | LA 0 S0 2 g I T R RO A T A B S
17 40.1% .3.13% 4.47% 9. 11% F1 7.52% ., X — &5 5EUF 527 RS it v] 38 i B AR OG & 40 B DI e i 2 18
o R Ay T T AN A 1L A OIS 4 SR — B, S [T A 1 AR MK A s
S ARHE B EAGE)Z A S S G AR L, 6V B AR I s IR A ARG vV A i
SRR K RS A H )4 K B 1Y 75% ~ 85% (78 53 R BUIRAR 42.3% ) , 3R Rk o FIUHBCR . X
FRRFSEA ALY 3K /3 P50 F AL AR RALR L TR (W) B SL Atk e 2 2 B0 AR A S 4 R &
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AR R 5 AN T W3(3 300 m®-hm ) A FR A AT A S AR SRR,
32 BESAEEBRENLEEEIERHIZIN

HeEVEHE AR Y 55 Re A Qi Az 0 A B A, HUsm B 4 R AE AR AR KB S P RE f . 72T
AP RARKX, S HOK A SRR AEY AR R LR SR EE 77 AR S5 R W], oK 4
AEBWEA SEAESRT RIS 2 25 TS AR 2 2 S8 2 R A PR R I s A RHIE S5 R4
Wyl ic AR EA S8 A DG M, b R 5 A R — R — I 2R MO R B R S K
i, PRSI A A e T, iR WoR | R A TV 1 45 1 B AL B o il
R HARFE L 18.7% ~34.2% ,iX 528 Jg AP AE b R IX BB SE 2598 M — 3, Ren %51 [ RH01 %
PR EGAIE I T 6 R T R 0 T LI K A B HEVR 2 | AT AL HF 0~40 em 25 /K8 65% ~80% ., 1EIL
KA BEME N VWAL R S ROEE RS 5 Hik 72% ~ 85% , i 24 + SR & K B [ &= 129 LA R I, AR
SALBR G TR R N A 53% ~ 67% , BT T HE FR G0 i K SRS R AT AT RAERE 0~ 40 em )2 K
HN 65% ~80% ., FEMIKATBUEN , /EY AL R £ FHOEHE RS HLik 72% ~85% , 11 24 - HEARFL 5K
TR 129 L0 T, AR FLBR I STER AR B BN 2 53% ~ 67% , X 5K 43 e 51 & 1Y PS 1L #30%F
W B - S A AR S S A B WA OE 0 SRS ST IE S, 6 6 A A AR A 500~2 100 pumol -m ™ -7
PGSR THBE IR AL PR P A IR S 14.2% ~ 18.7% (P<0.05) , HAK /K &b 3 2% B 59 00 il 7k
SAFVRRCRE, AR R A R 52— 3, LIRSS F A A 25 B B T - K 4 -6 G e AL
il , R AR K AE P [R] 98 8 B2 430 T BB ARG . 45 A6 A BUE AT A M, 7 5 TR E P W3 (3 300
m® +hm™ ) A PR A A TR AR
33 BESAEEBRENTFEREMREZMNZM

AHIGE = A B R GEMRAT T AR B i R AR SR RN, R ORKFARL ™= B AR Ry Bk B 1 TR Dk
N LA FAEFE b , HAE) 8 2R A2 T v o 5 P MBS it T A O AR A B 35 AR, O 250 o TR R AR T
A H i KB IMEIR R W3 W2 W1 W5 W4, Horb W3 A 355 i 78 55 3 Tk 1 ) o) 4 4 7= 3k 31
12.87 t-hm™ % W4 ZbHHE™ 38.6% (P<0.01) , REGHHE 5 I (0T 245 51— 50, 4 BB Ak A
X R 7= 52.04% , B T SO 0 RO 7= S B %) I 1) PR ML, AR S0 A 8 A 5 YR T L ik A
5 K o I TR A, o AN R A R MV — AR AR A R — iy AR i R R
B0 2 St AR T — AP TIE S, S VR (R A T 6 5 T 0 TR B4 A3 L B ) 12.3% ,
LI 7.83% ) i 25, AT IE S 455 7 i MO R AT B HE S R R R A T A AR R R OK
) s 8
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