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Effects of different straw mulching cultivation patterns on
maize growth and water use in semi-arid areas

XU Chen, YAN Weiping, ZHANG Lihua, ZHAO Hongxiang, SUN Ning,
YU Jiang, LI Fei, MENG Xiangmeng, TAN Guobo, BIAN Shaofeng
(Institute of Agricultural Resources and Environment, Jilin Academy of Agricultural Sciences/ Northeast Key Laboratory
of Water Saving Agriculture, Minisiry of Agriculiure and Rural China, Changchun, Jilin 130033, China)

Abstract; Research on rational straw mulching cultivation pattern is an important way to achieve green and ef-
ficient maize production under straw mulching conditions in semi-arid areas. A two-year field experiment was con-
ducted to study the effects of different straw mulching cultivation patterns on maize root bleeding characteristics,
photosynthetic characteristics, activities of enzymes related to carbon and nitrogen metabolism, growth and develop-
ment, yield and its components and water use characteristics by setting up four treatments of traditional farming pat-

tern (CK) , straw mulching pattern (T1) , straw mulching and subsoiling pattern (T2), and straw mulching and
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crushing and mixing pattern (T3). The results showed that the bleeding sap mass of maize roots and the contents of
cytokinin ( CTK) and auxin (IAA) in the bleeding sap demonstrated a trend of T3>T2>CK>T1, and the content of
abscisic acid (ABA) displayed a trend of TI>CK>T2>T3. The content of CTK and IAA of T2 and T3 treatments
increased significantly, while the content of ABA decreased significantly compared with CK and T1 treatments. The
net photosynthetic rate (P, ), stomatal conductance (G, ), intercellular carbon dioxide concentration ( C;), tran-
spiration rate (T,), apparent mesophyll conductance (AMC) and leaf water use efficiency ( WUEL) of maize
leaves all showed a trend of T3>T2>CK>T1, and the percentage of stomatal restriction (L) demonstrated a trend
of T3<T2<CK<T1. The activity of RuBP carboxylase and PEP carboxylase of T3 treatment increased significantly
by 10.66%, 5.54% and 5.24%, 6.78% respectively in 2 years compared with T1 treatment. The activity of gluta-
mine synthetase (GS) of T2 and T3 treatment was significantly higher than that of T1 treatment, and the activity of
elutamate dehydrogenase ( GDH) of T3 treatment was significantly lower than that of T1 treatment. The leaf area in-
dex (LAI) of T2 and T3 treatments were significantly higher than that of CK and T1 treatments. The plant height
and dry matter accumulation of T2 and T3 treatments were significantly increased compared with T1 treatments. The
maize yield of T2 and T3 treatments increased by 6.45%, 12.13%, 16.59% and 19.39% respectively in two years
compared with T1 treatment. In addition, both year and treatment had significant effects on maize yield, with the
same trend on maize yield. The spike length, spike diameter and 100-grain weight of maize were T3>T2>CK>T1,
and the treatment of T2 and T3 was significantly higher than that of T1 treatment. The water use efficiency ( WUE)
of T2 and T3 treatment were significantly higher than that of CK and T1 treatment. To sum up, straw mulching and
crushing and mixing pattern (T3 treatment) can be used as the recommended technical pattern for green and effi-
cient maize production in semi-arid areas of Jilin Province.

Keyword ;: maize; straw mulch; physiological characteristics; yield; water use; semi-arid region
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Fig.1 Daily average temperature and precipitation during the whole growth period of maize in 2021 and 2022
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Table 1  List of experimental irrigation situation in 2021 and 2022
HEWEH ) RHEMEE A S o
P fbam HEBLR UL AL R A
Yer Treatment Irrigation date Single irrigation Total irrigation
ear reatmen (m-d) quota/mm quota/mm
05-05 20
CK 06-23 20 60
07-31 20
2021
05-05 10
T1,T2,T3 06-23 10 30
07-31 10
05-15 30
CK 06-28 30 90
08-05 30
2022
05-15 20
T1,T2,T3 06-28 20 60
08-05 20
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Table 2 Changes of photosynthetic characteristics of maize under different straw mulching cultivation patterns

S P/ G/ c/

Year  Treatment (umol + m™ +s™') (mol + m™2

+s7"Y (pwmol » mol™) (mol + m™

T./ AMC/
2 2

WUEL/

L./%
- s7) (umol + mol™!) ’

. s'])(mol em-

CK 33.55+0.60bc 0.50+0.02b 238.58+8.99ab 3.87+0.06ab 0.141£0.003ab ~ 8.66+0.18ab  36.38+2.40b
2021 T1 30.88+0.40d 0.48+0.01b 223.92+5.24b 3.79+0.19b 0.138+0.005b 8.16+0.53b  40.29+1.40a
T2 35.13+1.36ab 0.53+0.01a 243.00+6.91a 3.93+0.08ab 0.145+0.010a 8.94+0.44ab 35.20+1.84b
T3 36.30+2.06a 0.55+0.02a 247.40+7.26a 4.01+0.08a 0.147+0.005a 9.06£0.69a  34.03+1.94b
CK 33.14+0.32b 0.47+0.01b 270.23+8.57b 3.76+0.12b 0.123+0.005b 8.81+0.21a  27.93+2.29b
2022 T1 29.31+0.79¢ 0.44+0.01c¢ 249.49+6.20c 3.44+0.12¢ 0.118+0.005¢ 8.52+0.29a  33.47x1.65a
T2 35.28+1.17ab 0.50+0.02b 282.75+7.49ab 3.94+0.12ab 0.125+0.001ab  8.95+0.27a  24.60+2.00bc
T3 36.42+2.10a 0.53+0.02a 288.70+13.91a 4.05+0.10a 0.126+0.009a 9.01+£0.72a  23.01£3.71c

TP, .G, .C; T, AMC \WUEL L 5} 3R ot a R AL S ] ARk I RN R RNt P 3 JEE i 7 /K 0 280 AL
PR L 5 1) — 4R 03 [R] 50 B J A ) /NG 5 R R A B ) 22 53 (8.3 (P<0.05) , T Tl

Note: P,, G,, C,, T,, AMC, WUEL, and L, represents net photosynthetic rate, stomatal conductance, intercellular carbon dioxide concentration,

ir fro

transpiration rate, apparent mesophyll conductance, leaf water use efficiency, and limiting value of stomata, respectively. The same column of data in the

same year with different lowercase letters indicates a significant difference between treatments ( P<0.05). The same below.

£3 ARBEFESHHEXTERMFEREAHEXEEEHEL

Table 3 Changes of enzyme related to carbon and nitrogen metabolism activities in maize

leaves under different straw mulching cultivation patterns

AED Ak 3 RuBP SRALRE/ (U - g7')  PEPRILEE/(U - ¢7') WEBE SRS/ (U - g7') HERMER/ (mU - g")
Year Treatment RuBP carboxylase PEP carboxylase Glutamine synthetase Glutamate dehydrogenase

CK 60.20+2.68ab 4.88+0.29ab 9.45+0.37b 320.15+27.23ab
2001 T1 58.64+1.81b 4.77+0.19b 9.19+0.09b 336.38+12.14a

T2 62.92+4.56a 4.95£0.19a 9.89+0.18a 314.97+28.80ab

T3 64.89+5.16a 5.02+0.28a 10.09+0.17a 304.01+8.16b

CK 71.69+1.49ab 4.99+0.04bc 11.86+0.10ab 321.71+16.20ab
2002 T1 70.27+1.82b 4.87+0.10¢ 11.52+0.24b 336.86+8.50a

T2 72.04+0.80ab 5.08+0.04ab 11.91+0.17a 315.31+8.11ab

T3 74.16+0.84a 5.20+0.10a 12.07+0.15a 306.25+9.43b
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Fig.4 Changes of maize leaf area index (LAI) under different

straw mulching cultivation patterns
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Note ; Different lowercase letters in the same year indicate signifi-
cant differences between treatments ( P<0.05) , the same below.
B3 AEBEFBSEMHMEXTERRRGIEENEWL

Fig.3 Changes of root bleeding sap mass of maize

under different straw mulching cultivation patterns
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Table 4 Changes of hormone contents in root bleeding
sap of maize under different straw mulching

cultivation patterns (2022)

350

[ ElCK
OT1

aad

e 2H1H@ﬁ.}.f€"é§/??% ER/%M/F?% EEK?/H\%
Treatment Cytokinin content Abscisic acid content Auxin content
/(ng-gh) /(ng-g ) /(ng-g")
CK 10.33+0.22b 63.66+1.10b 18.06+0.23b
T1 9.80+0.05¢ 65.37+1.04a 17.92+0.16b
T2 10.66+0.22a 61.57+0.46¢ 18.55+0.37a
T3 10.73+0.23a 61.51+0.72¢ 18.80+0.16a
TE 7] — 50 Bt J5 A [l /NG 57 B3 7 6 Ak PR E) 2% 7 12 25 (P<
0.05)

Note: Different lowercase letters after the same column of data indi-

cate significant differences between treatments (P<0.05).
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Fig.5 Changes of plant height of maize under different

straw mulching cultivation patterns
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different straw mulching cultivation patterns
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25 AERBFABEHMEXTEXRTEREMK

FSES

ANV AR A8 5 AR e A ) 6 oK 7= 2 19 5% i)
25 0R,2 a PR RN T3>T2>CK>
T1, 2021 4, T2 FI T3 b ¥ k=B B & & T Tl
AL A58 6.45% F1 12.13% ;2022 4F, T2 F1 T3
ARFR ) FOK = B = CK AT T 43, 5 CK Al
T1 ZLFEAR E, T2 Kb 53 5134 7™ 7.02% F1 16.59% , T3
AT I 77 9.59% F1 19.39% ;2 a ] T2 5 T3 kb
PR FOK R TO R 3 25 R, AR 5 WAL AR
A B K i A3l AT A 3 (P<0.01) AL 2
(P<0.05) 520 BAR 5 AL B EAEXT K7 5 15
M)A 3835, 8 BH AN [R) 4F 45 FDAS () 66 AT 38 2 B A s =
X K 7 S M s A2 AR [R) 9, 0 7 £ 1 8 4
—3,
mE 6 fizn,2 a R KA FEER ARR
G EREY E T3>T2>CKSTI s kg, 12 5

K5 TRBHEBESHHEIATERTENEN
Table 5 Changes of maize yield under different

straw mulching cultivation patterns

ARy Qb B i
Year Treatment Yield/ (kg + hm™?)
CK 10051.26+229.33b
Ti 9622.20+95.52¢
2021
T2 10242.62+357.31ab
T3 10789.74+130.87a
CK 10134.03+252.12b
Tl 9301.86+138.85¢
2022
T2 10844.95+248.74a
T3 11105.39£193.79a
Ay Year (Y) * ok
ALFR Treatment (T) ®
AEfyxAbER (YXT) ns

TE: + * FIRTE 0.01 P L2258 (P<0.01), * RIRTE 0.05
KO |25 3 (P<0.05) ,ns FARLBELST, T,

Note: * * means significant difference at the level of 0.01 (P<
0.01), * means significant difference at the level of 0.05 ( P<0.05),

and ns means no significant difference. The same below.

Ro6 TRBHEEHMEXTEXRTENRERHEN

Table 6 Changes of maize yield components under different straw mulching cultivation patterns

i e K/ em BT em R o PERIEC
Year Treatment Spike length Spike diameter 100—grain mass Number Of, grams
per spike
CK 17.91+0.53ab 5.16+0.05a 31.73+0.45ab 631.22+12.71a
T1 17.58+0.43b 5.07+0.07b 31.44+0.67b 621.47+15.63a
2021 T2 18.26+0.31a 5.19+0.06a 32.26+0.65a 639.93+10.33a
T3 18.46+0.49a 5.25+0.08a 33.51+0.79a 640.88+15.59a
CK 17.55+0.25ab 5.07+0.04b 32.03+0.25ab 612.35+17.62a
2002 Tl 17.33+0.33b 4.98+0.06¢ 31.57+0.21b 602.67+19.74a
T2 17.95+0.35a 5.21+0.07a 33.63+0.36a 620.56+18.66a
T3 18.18+0.45a 5.30+0.05a 34.36+0.47a 626.73+11.08a
AEAY Year (Y) ns ns S ns
AbFE Treatment (T) * ® * ns
AEfyxAb R (YXT) ns ns ns ns

T3 AbFEA R R A R B e 1 3 s T T1 b s, 5
T1 ZLBEAH L, T2 AEBEAEA 2 a [H] 53 513G 0 3.87% F11
3.58% T3 AbBRAM BN 5.01% F1 4.90% , T2 | T3 4b
PR R BN 2.61% . 6.53% Al 6.58% .
8.84%, T2 T3 Fl CK AbFRFE L ARTE 2021 4F B 35 =
T T1 AR, T2 5 T3 A BB B A2 1 2022 4F B &
T CK AT ARER 4 ASAb ROk £ ] 241 0C (1
FZ5,2 a PR T3>T2>CK>T1 ARk, X T4
/bR, T2 5 T3 AP LR EER, HE6
AL, A AR AT R AR AR B R (P <
0.01) , AbFXFFEA Tl B A2 B b o i = A
i) ( P<0.05) , -0y S AL HE HAEX) FiR 4 DN RARE I
A2 VLR [RIAE AR AN [R) 28 25 B AP =00 7 4
PR 2 5 e A — 2,

2.6 AEHEFEBEEHMEX T ERAKSFI A
H#e 7 T, CK AbH 4 A FHAAE K & (ET)
iR T HAD 3 AN OR TGP ERUEF
IR B L T2 5 T3 Ak 3 K 4 R SR
(WUE) ¥ %% F CK Fl T1 ZbFR, 5 CK A1 T1 Ab
BAHLE, T2 43 WUE 7£ 2 a Th43 542 5 8.22% fl1
5.59% 13.05% F1 17.42%, T3 Kb ¥ W] 43 91 45 =5
14.60%F1 11.82% . 17.07% F1 21.60% , T2 5 T3 kb
AR ET F1 WUE B0 R #1255 . X ET Fl
WUE 43 5| BB 8 2 (P<0.01) Al i & (P<0.05) 5%
Wi, Kb FEXS ET F1 WUE ELA .35 (P<0.05) $200 , 4F
135 Ab B AR X AT K B R K & ET A
WUE RS20 A i 25 W AN [) 4747 A [ 2 a5 B Aol
BT R K 3 R PR Bk 1 5 i 45— 2,
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Table 7 Changes of water use characteristics of maize under different straw mulching cultivation patterns
A % i - HE K it <5 K B AR
Ay fb g - K AR AR b - K43 R
Soil water storage Soil water storage WUE
Year Treatment . ET 4 s
before sowing/mm after harvest/mm /(kg * mm™ « hm™)
CK 132.48a 132.87a 593.91a 16.92b
2021 T1 144.48a 142.45a 554.33b 17.34b
T2 147.83a 140.79a 559.34b 18.31a
T3 141.25a 137.18a 556.37b 19.39a
CK 123.59a 118.14a 516.48a 19.62b
2022 T1 143.85a 122.75a 492.40b 18.89b
T2 138.57a 120.93a 488.94b 22.18a
T3 129.58a 117.49a 483.39b 22.97a
Y Year (Y) ns ns ® ®
AbPE Treatment (T) ns ns * *

EM XA (YXT)

ns

ns

ns ns
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