YIS 2026, 50 (1): 222-236 DOI: 10.17521/cjpe.2025.0048
Chinese Journal of Plant Ecology CSTR: 32100.14.cjpe.2025.0048

B H R BEHM ECHE A A AE X ELfm it £ ORI AR 41

ST :0pAl
FAM R AN F W FRE EWE kA AUEA?
T

VR KA B, AR 750021; 29 KSR AE SIS RE, 4RI 750021

OB AT E 5 X SR I AR Y KRR oK (Zea mays)r T BERRAGSE 1), ST R ELIRBERHIS A HLIE X R 2K
M IR S PR R I A, T A DX R B ORI R SR IR . P AT 20212022418 T H AT BT R AKX
RIS, WE HIUEHE(TE, BIHHER25-30 cm)FIE EIRFERH (DT, 1R E40-45 cm) 2MHEHETT X=X, LLO kg-hm™ (MO). 7 500
kg-hm? (M1). 15 000 kg-hm > (M2)F122 500 kg-hm > (M3) 4G LI EACTE MR, T2 b b il i T oK & R 38 32
Btk g5 REW: (1) DTIIM2AAHE, Tk B 40w, AL ERFFE 14 505-16 710 kg-hm 22 [0 /] SLHL = e Kk, 78
AL N, FKHMIARE (LA AT ISR 3R A B (SPAD) B E 2T, M A FEZRGHIHER1.7-2.19 d. (2) DTECHEH HLAE
B A A R AR T 4T pHA B S R (EC), #4n T IARE(AN). B R (AP). HBUNAK)MANROM K& &, BER
HANYEALEH(SOD). it S (LY (POD) AL AL M CAT) G VI FRAIR 1 2 MR (Pro) M4 —BE(MDA) & &, RERTF T Al
BHERESS) . Hi UM RN, SHAHM, &2 MEVIEEAMI)2 TIEpHMECT &, =& 2K, SODIFE M.
PODiE. CAT#EM:. SSE&E. Profr & NI B IIMDA & &, ] EKAE KA ZIFFELIET. (3) PearsontH It
FH, K= EE5H HILAL. SPAD. SOD{EME. PODiEME. CATIEME. Prof . SSEHE K HIEMAN, AK. OMEELEE
FEUMNRE EAHRKR, SMDASE., ECREREFNMEZ MR R @ERS VRN, EEREFEER VAL~
L1345 2IIM2 > M3 > M1 > MO . Z0F 70 P T BLA BEHHELIE 15 000 kg-hm >3 HLIE(M2) AT 45 R0k 8 Ak ol th - 3 2R 85,
IR a2 A, PR A UL, B IKMDAMA R, Mt m Tk &

EHEIR ROk BHET I AR, o AR R R

ZE AL, BRARAE, XU, 258, JIMERE, ZEiEz, 9KSE, XTI, RO (2026). T E R BOPHEC G HUIEXT Sh K R R B R . Al
PR, 50, 222-236. DOIL: 10.17521/cjpe.2025.0048

Effects of vertical deep rotary tillage with organic fertilizer on leaf senescence characteristics
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Abstract

Aims In view of the expanding area of saline-alkaline land and the decline of maize (Zea mays) yield in
Yinhuang Irrigation District of Ningxia, it is important to explore the effect of vertical deep rotary tillage with
organic fertilizer on the aging characteristics of maize leaves and yield, which can provide theoretical basis for
delaying the aging of maize and boosting yield in saline-alkaline land of this region.

Methods The study was carried out in Pingluo, Ningxia in 2021-2022. Two types of tillage methods including
conventional tillage (TF, tilling depth 25-30 c¢m) and vertical deep rotary tillage (DT, depth 4045 cm) were set as
main zones, and four levels of organic fertilizers including 0 kg-hm2 (MO0), 7 500 kg-hm * (M1), 15 000 kg-hm >
(M2) and 22 500 kg-hm™ (M3) were set as sub-zones for analyzing the yield and leaf senescence characteristics
of maize in saline-alkaline land.
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Important findings (1) In the DT plus M2 treatment, the yield of maize was significantly increased, and the
amount of organic fertilizer should be kept between 14 505-16 710 kg-hmﬁ2 to maximize the yield; under this
treatment, the leaf area index (LAI) and relative chlorophyll content (SPAD) of maize were significantly
increased, and the onset of leaf senescence was delayed by 1.7-2.19 d. (2) Compared with other treatments, DT
with organic fertilizers decreased soil pH and electrical conductivity (EC), proline (Pro) and malondialdehyde
(MDA) contents, and increased the contents of alkaline nitrogen (AN), available phosphorus (AP), available
potassium (AK), and organic matter (OM). The activity of superoxide dismutase (SOD), peroxidase (POD),
catalase (CAT), and the contents of soluble sugar (SS) has significantly increased. The M2 treatment was the best
among the four treatments. Compared with the M2 treatment, excessive organic fertilizer input (M3) increased
soil pH, EC, and MDA content, and decreased nutrient content, SOD activity, POD activity, CAT activity, SS
content, and Pro content, which inhibited the growth and yield of maize. (3) Pearson correlation analysis showed
that maize yield was significantly or highly significantly positively correlated with leaf LAI, SPAD, SOD activity,
POD activity, CAT activity, Pro content, SS content, soil AN content, AK content, and OM content, and
significantly or highly significantly negatively correlated with MDA content and EC. (4) The principal component
analysis showed that the composite scores of M2 > M3 > M1 > MO under vertical deep rotary tillage with organic
fertilizer treatment. In this study, vertical deep rotary tillage with 15000 kg-hm > organic fertilizer could
effectively improve the saline soil environment, delay leaf senescence, increase leaf antioxidant enzyme activity,
and reduce the accumulation of MDA, which in turn could stimulate the yield of maize.

Key words maize; tillage practices; organic fertilizer dosage; leaf physiological properties; soil chemical
properties; yield
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Tablel Basic fertility level of saline-alkaline soils in Yinhuang Irrigation District, Ningxia, China

Gy hibgE pH HIRGRE  AEAR N WRAGE  RMBAR MR
Year Total salt Organic matter Total nitrogen ~ Total phosphorus Alkali-hydrolyzed Available P Available
content content content (P) content nitrogen content content potassium
~1 ~1 ~1 ~1 ~1 ~1

(g'kg™) (g'kg™) (g'kg™) (gkg™) (mg'kg™) (mg'kg ™) content

(mg-kg™)

2021 2.76 8.68 14.20 0.77 0.58 30.29 22.00 214.27

2022 2.31 7.98 17.28 0.88 0.67 35.67 25.76 234.76
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AL F N gk o T AR 48 E B A AR AR
Origin 202147 ZIR R EHU &, 153 2
SRS TA]() o “MLADE Bl KAERS, M g2 17t
GEIHA] . [FINF, A SPAD-50Plus M 4% AL (TG
W KRB A BR A A, B ) E =
SPAD I REEME =, RN BRARS TN UK &L
0] 5256 %%, % FH 00 U M (NBT) 32 5 368 48 Ak 4 5
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M3AHLE, &2 B AL L pH M EC; fEM2ALHE T,
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EAHFIE VLA & T 25 TTFAAEE . 20224, TFAI
DTAEEE T, Aefb i 5202 14EARBL, M2ALFE R 443
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Table2 Effects of vertical deep rotary tillage with organic fertilizers on inter-root soil chemical properties of maize

Ehy iR (EN A HUIE & pH EC AN (mgkg!)  AP(mgkg')  AK(mgkg') OM (mgkg ™)
Year Farming Organic fertilizer
practices application rate (M)
2021 TF MO 8.91° 0.30° 35.09° 16.15° 213.97° 16.82¢
Ml 8.91° 0.28° 39.76° 18.97° 256.34° 18.46°
M2 8.44° 0.15° 44 43 22.20° 350.19° 2437
M3 8.49° 0.18" 42.56 19.29° 257.45° 23.09°
DT MO 8.58" 0.25° 36.03° 17.33 229.89° 18.03°
M1 8.83° 0.19° 43.49% 18.97° 257.01° 18.49°
M2 8.56° 0.13¢ 51.89° 23.70° 350.52° 24.15°
M3 8.81° 0.18° 48.16™ 21.24* 270.60° 23.41°
2022 TF MO 8.56" 0.79* 42.81° 19.96 196.97° 14.00¢
M1 8.40" 0.33 44.27° 20.53° 241.80" 15.80°
M2 7.59° 0.23° 50.89° 25.78° 337.92° 19.36"
M3 7.64% 0.32° 50.46° 21.97° 248.79 17.74°
DT MO 7.95° 0.51° 48.93° 20.27° 209.50° 14.90°
Ml 7.82° 0.43% 51.08" 23.04° 246.94° 16.39°
M2 7.71° 0.25° 54.64° 26.48° 342.14° 20.62°
M3 7.82° 031 52.75% 24.18° 250.85° 20.07°

T Z 5T ANOVA

4 Year (Y) Hok o o o NS o
#HEJ730 Farming practices (F) NS * sk * NS -
HHUILHE & OFA rate (M) ok Hox o ok o .
Y xF NS NS NS NS NS *k
Y xM NS Hk * NS NS ok
FxM *x *ok NS NS NS NS
YxFxM NS Hk * NS NS NS

DT, & EIRIEHE TF, % HBHES . MO, JiGHLIE0 kg-hm % M1, 45 HLAE7 500 kg-hm % M2, JiHLAELS 000 kg-hm > M3, 5 FLAE22 500 kg-hm >
AN. AP. AK. OM. EC/H MRl R & . ARAmES . a8, s, BT RPEIEREAR/NG FZ R FIA B ) 72 5 B 2%
(p<0.05); *, p<0.05; **, p<0.01; NS, p>0.05,

DT, vertical deep rotary tilling; TF, conventional farming. MO0, 0 kg-hm™ organic fertilizer application; M1, 7 500 kg-hm™> organic fertilizer application; M2,
15 000 kg-hm™ organic fertilizer application; M3, 22 500 kg-hm 2 organic fertilizer application; AN, AP, AK, OM, EC represent alkali-hydrolyzable nitrogen
content, available phosphorus content, available potassium content, organic matter content, and electrical conductivity, respectively; different lowercase letters
indicate significant differences among different treatments (p < 0.05); *, p < 0.05; **, p<0.01; NS, p> 0.05.

R3S BHETT A UILHE Y B R A BRE bR F ™ R A 4 () 3R 4 A

Table3 Inter-subject effects of year, cultivation mode and organic fertilizer application on physiological indexes and yield of maize

A SR A HHEIT A B jti A YxF Y*xM FxM YxFxM
Source of variation Year (Y) Farming practices (F) Organic fertilizer application rate (M)

LAI 0.20™ 4855 80.48" 12.66™ 021 2598 125"
SPAD 401 273" 55.54" 13.87" 0.87" 097 078"
SOD 69 863" 2104 321" 1646 1637 37817 26707
POD 68 952" 2162 330” 1690 168" 38847 27457
CAT 9.84" 959" 2053 0.01™ 0.00™ 8.63"  0.00"
MDA 44.67" 28.93" 26.76" 0.02" 0.94"8 175N 051N
Pro 82.10" 606" 1227 66.46" 11747 60.48"  12.28"
SS 0.61" 46.42" 38.43" 10.40™ 0.65 3.96" 0.03"
P Yield 0.15"8 82.53™ 59.13™ 0.22~8 021N 3.58" 0.34~8

CAT, S MEEHEE; LAL HTHAEE; MDA, A B S &; POD, W ALMIBRIETE; Pro, &R & &; SOD, MEMEALEREE; SPAD, XS i-4%
o SS, AIVAMERES . *, p<0.05;** p<0.01;NS, p>0.05.

CAT, catalase activity; LAI, leaf area index; MDA, malondialdehyde content; POD, peroxidase activity; Pro, proline content; SOD, superoxide dismutase

activity; SPAD, relative chlorophyll content; SS, soluble sugar content. *, p < 0.05; **, p<0.01; NS, p> 0.05.
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BEIKF. AP, LATFISPADI: T #E4E4 7] 22 J AN
A, AR H A AN R AR A < B E 7 NEAE
T2 IIE IR KT . oK F [ Prof 1R
MEFMZ =R AR N 2R IIE RN R
Ko BEAh, TKM A SSEEAHHET R, BHLE
BT A=< BHE T N R 558 BT 350k B4k
BE KT, ERHE T oG VLR A 722 H R I8 2
B KFE . MDA E R A AN 7 Nk 2K 5
K, £ ZRFZEEH N ERYARE. M
TR EAEME T AN 2 A A BAR
FH T 389028 21 55l 3 sip 5 25 7K
222 DTHECHEBHAESTLAIFISPADEIF M

DT it A HLAE 2 2 820 KoK I LAL M2
A FRAR AR (R3). BRWE, 24K P (E
1A-1D), F K444 H WILATY) 5 0 UG (138 Ak a3,
THHETS AR EEHE. HPDTHEZER 7 EXK
4 EH W LAL (% 3), BTF 2 5l °F 3% 2 &
4.1%—15.7%K12.0%5.5%. LA 75 dNBI, 24F
DTALFE R, M1, M2FIM3 AL FEAMORILALSY R &
13.8%- 30.3%- 21.1% (2021)F111.8%- 26.3%- 13.2%
(2022), [FIE, o RS 0 T A4S S 40L& 45 R
(KR, DTETFAL B RE 2 3 252 ROk .

TE2AEREFLH, DT TEM: F 3 2 Ah I (B P2 HER
71.7-2.19d.

DTHEC e 5 ATLAE 2 3 5200 £ K [FISPAD (3%3), FL
DIM2 AL B A AL . BARR I, 24558 (]
1E-1H), F KM F SPADAE K A= & i3k F2 HE 3F 128 38
K, THHIETS dEREEFIZEEH NE. HPDTHR
BERE T K EFWISPAD (£3), BTF 51
PR 516.2%-9.3%14.4%5.4%. 111575 d, 24EDT
AFER, M1, M2FIM3ALE MO RISPAD 43 7 32 i
2.3%-5.2%3.9% (2021)F15.0%- 7.6%+ 4.6% (2022).
2.2.3 DTEiEAHAERXTSODFIPODE M AR

DT AC it A HLAE & 3 52 Wi - SOD F1 POD i 1,
Horp DIM2 AL B B 0T (6 3) . B, 24F 560 o (1K
2A-2H), SOD. PODE M 256 ETHE T B,
BIERHET5 Ak BIEME, N DT TFALEESODE
PE24E 73 2 55 7.9%-19.3% (2021) 7.6%—18.4%
(2022), POD#25125.8%—40.2% (2021). 25.8%—39.8%
(2022). HTHJET5 d, 24EDTALFE T, 5MOKHEE, M1,
M2 M3 4b BE ) SODIE 1 73 5l 2 1519.2%  33.4%.
19.3% (2021)18.7%- 31.6%- 18.3% (2022); 24POD
T B E8.1% 30.4% 27.1% (2021)F18.0%-
30.1%- 21.5% (2022).

TF

2022
TF | DT

10 35 60 75 95 120

10 35 60 75 95 120
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H P )5 KX Days after emergence (d)

- M0 -+ Ml
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Bl B EECE A FLAEST K AR B (LA A A X -4 & B (SPAD) R M CT- S £A vE %) . DT, 3 ELIRERF; TF,
WHHHE . MO, A HLUIEO kg-hm™; M1, HEAHUET 500 kg-hm™? M2, FiAHLIEL5 000 kg-hm™; M3, HiAHLIE22 500

kg-hm2.

Fig. 1 Effects of vertical deep rotary tillage with organic fertilizer on leaf area index (LAI) and relative chlorophyll content (SPAD)
of maize (mean + SD). DT, vertical deep rotary tillage; TF, conventional tillage. M0, 0 kg-hm™ of organic fertilizer; M1, 7 500
kg-hm? of organic fertilizer; M2, 15 000 kg-hm ? of organic fertilizer; M3, 22 500 kg-hm 2 of organic fertilizer.

DOI: 10.17521/cjpe.2025.0048

©U 00000 Chinese Journal of Plant Ecology



228 HEMAZS2E] Chinese Journal of Plant Ecology 2026, 50 (1): 222-236

a4 T ELA T EA MU Tk 82 AR 4h 1 i B2

Table4 Effects of vertical deep rotary tillage combined with organic fertilizer on the initial aging period of maize

FE BhETT Ak 2 ZIRER A R I
Year Farming practices Treatment Quadratic function fitting Onset of ageing (d)
2021 TF MO Y=-0.000581X* + 0.066X + 1.95 0.848 9" 56.80
M1 Y =-0.000475X* + 0.062X + 2.75 0.778 7" 63.16
M2 Y=-0.000517X2 + 0.069X + 3.12 0.737 8" 66.73
M3 Y=-0.000417X* + 0.053X + 3.11 0.702 5" 63.55
DT MO Y =-0.000578X2 + 0.070X +2.20 0.878 2" 60.55
Ml Y =-0.000519X* + 0.068X + 2.83 0.744 0 60.51
M2 Y=-0.000572X* + 0.081X + 3.12 0.762 2" 70.80
M3 Y=-0.000537X% + 0.070X + 2.85 0.7350" 65.18
2022 TF MO Y =-0.000576)2 + 0.064X + 2.72 0.848 6" 55.56
Ml Y =-0.000478X* + 0.063X + 2.88 0.7529" 65.90
M2 Y =-0.000524X2 + 0.071X +3.16 0.783 6" 67.75
M3 Y =-0.000485X* + 0.063X + 3.05 0.753 4" 64.95
DT MO Y'=-0.000432X* + 0.051X + 2.82 0.876 7" 59.03
M1 Y =-0.000426) + 0.057X + 3.24 0.7819" 66.90
M2 Y =-0.000526X2 + 0.070X + 3.27 0.788 0" 69.39
M3 Y =-0.000392)* + 0.053X + 3.35 0.756 3" 67.60

DT, & ERIEH; TF, W MBHET K. MO, MAHLALO kghm?; M1, HiAHLAET 500 kg-hm 2 M2, HiAHLAELS 000 kg-hm?; M3, i HLAE22 500
kg-hm 2o X, HHEREG Y, HEARIEL. *, p<0.05.

DT, vertical deep rotary tillage; TF, conventional tillage. M0, 0 kg-hm > of organic fertilizer; M1, 7 500 kg-hm > of organic fertilizer; M2, 15 000 kg-hm > of
organic fertilizer; M3, 22 500 kg~hm’2 of organic fertilizer. X, days after emergence; Y, leaf area index. *, p < 0.05.

600 o 2021 g 2021 [ ¢ 202 [ 2022
4 500 F | T | TF | a DT
8 5 b
%Tgo 400l a b aa ab | ap, abd | a abdcab ay i ay abdc dCab
ﬁi 300 ¢  a el aglh o
gi a a ab ap
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= | 'ﬂ 'HI ||
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__ 4000r g 2021 [F 2021 [ G 202 [H 2022
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Hi & KB Days after emergence (d)
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B2 3 EIRBERFBC AT HUIEXS TR Al A A A B A A B TR R S (1 BB AR E %) DT, & ELIRBERE; TF, %
HAHET . MO, A HLEO0 kghm™? M1, A HUET 500 kg-hm™; M2, M HLAE15 000 kg-hm™; M3, JtiA HLAE22 500
kg-hm 2. ARSNGB R AR A B )32 5 5 2 (p < 0.05)..

Fig. 2 Effects of vertical deep rotary tillage with organic fertilizer on superoxide dismutase (SOD) and peroxidase (POD) activities
of maize leaves (mean = SD). DT, vertical deep rotary tillage; TF, conventional tillage. MO, 0 kg-hm? of organic fertilizer; M1, 7 500
kg-hm? of organic fertilizer; M2, 15 000 kg-hm 2 of organic fertilizer; M3, 22 500 kg-hm ? of organic fertilizer. Different lowercase
letters indicate significant differences among different treatments (p < 0.05).
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224 DTECHEBHAEXTCAT E MR

DTHC it A AU 2 520 iy CATVE P, e B
M2Ab B R Bl o BART &, B TOKAEE B
Ht, FOKW  CAT 2356 B A5 T B 35 (&
3A-3D), EHHETS AR ENE(E . 24F 50, DT
TFALBECATIHPE T 42 515.3%10.6%. HHE75 d,
2EDTANFE R, M1, M2AIM3 4L FREEMOICAT 1% 14
3R T.5% 27.7%-20.3% (2021)F17.4%- 27.5%-
20.1% (2022).
225 DTECHEABHAEXIMDAS £R/IF T

DT AC jiti A HLAE 2 25 5210 i MDA 7 5 (383),

S5 A ELIR PO A HUIEXT SR B R OK P 52 2R S B

229

JE120 d, 24EDTALFE R, M1, M2AIM3 4L HEMOFY)
MDA &35 FF1.3% 3.0%4116.4% (2021); Ml
EEMOKEFE R 1510.5%, M2 M3ALBREEMO T [%4.5%F1
5.6% (2022).
226 DTECHEAHLAEXIProfISSE IS
DTHEC it A AL 5 3 500 iy Pro A ] ¥ MR
H(R3), KM If . BAARIC, Rkt
A ProfE HTHJE10-120 dEIUSE R LAt
(BE5A-5D), 7EHHJE 120 Ak BT, PLH T 5120
d B, 25 5, DTETFAEEEMO/K T FPro&
FILE1.9%, (HEM1. M2, M34LBE RPro & T %

Hrp UM2AIM3 b B A bif o BofcHh, FoKAH frMDA
TEH T 5 10-120 d 2 BLIEH - # (E4A-4D),
EHTEE 120 dis BT, 245856, DT TFALFE
MDA & & 1) FF%3.0%-8.1%F11.4%-9.8%. H7H

2.1%6.8% (2021); [FIH, DT TFA#Pro & P&
3.7%-8.8% (2022). 24EDTALH R, M1, M2, M3#%%
MO AL Z i Fy Pro 3 3l ¥ 4142 1516.7 %23 .8%
14.4%-29.7%- 0.6%—4.7% (2021)16.7%—23.5%
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Hi B J5 K% Days after emergence (d)
oM0 =Ml M2 =M3

=3 EE/mﬁﬁ%ﬁ@ﬂﬁ@ﬁmﬂlﬂﬁfﬂéﬂﬂ#kﬂﬂc USRI EARHE ). DT, TERIEH,; TF, HMBHE . Mo,
HEAHLAEO kg-hm 2 M1, A HLIET 500 kg-hm™; M2, JEAHLAELS 000 kg-hm?; M3, A HLIE22 500 kg-hm . K[/ 7R}
TR RIAb B ] 22 57 2.3 (p < 0.05).

Fig. 3 Effects of vertical deep rotary tillage with organic fertilizer on catalase (CAT) activity of maize leaves (mean = SD). DT,
vertical deep rotary tillage; TF, conventional tillage. MO, 0 kg-hm™ of organic fertilizer; M1, 7 500 kg-hm™ of organic fertilizer; M2,
15000 kg-hm™ of organic fertilizer; M3, 22 500 kg-hm™ of organic fertilizer. Different lowercase letters indicate significant
differences among different treatments (p < 0.05).

10 35 60 75 95 120

B
E ¥ & &

W

MDA content (umol-g™)

—
W
T

2022
TF

10 35 60 75 95 120
H i J5 XX Days after emergence (d)

2022
DT

10 35 60 75 95 120

2021
TF

10 35 60 75 95 120

2021
DT

10 35 60 75 95 120

—_
S
T

-o-M0 -o-Ml -a-M2 -o- M3

B4 E RO A VUL KM RS B P B %) . DT, TEIREN; TF HAHETT . Mo, jiE
AHUIEO kg-hm % M1, HiAHLIE7 500 kg-hm 2 M2, i HLAELS 000 kg-hm2; M3, Jitif HLAE22 500 kg-hm 2.

Fig. 4 Effect of vertical deep tillage combined with organic fertilizer application on malondialdehyde (MDA) content in maize
leaves (mean = SD). DT, vertical deep rotary tillage; TF, conventional tillage. MO, 0 kg-hm > of organic fertilizer; M1, 7 500
kg-hm? of organic fertilizer; M2, 15 000 kg-hm ? of organic fertilizer; M3, 22 500 kg-hm ™2 of organic fertilizer.
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14.4%-29.4%. 0.6-4.5% (2022). Bi%E £ A4 B IR
e, TR AEPERE S E Rk EAE T RRER)
B (EISE-SH), fEH 575 dIEF|IE(E, 20214,
DT TFAL EEAEMOZKF R Al P BE & & 8 [42.7%,

M1, M2FIM3EEMOAKL (1 T 75 1 4 5 8 20 ) 4 v
35.9%-+59.5%-50.15% (2021)£124.3%. 44.1%. 35.8%
(2022).
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KB AR 10.9%-22.0% (2021)A1112.7%—18.6%

HAEM1. M2, M3JKFF Al 0E & & P85t e
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K. MO, MiEHAEO kg-hm ™ M1, A HLALT 500 kg-hm % M2, JEAHLAE15 000 kg-hm™; M3, KA HLAE22 500 kg-hm 2.
Fig. 5 Effects of vertical deep rotary tillage with organic fertilizer on proline and soluble sugars content of maize leaves (mean +
D). DT, vertical deep rotary tillage; TF, conventional tillage. M0, 0 kg-hm™ of organic fertilizer; M1, 7 500 kg-hm™ of organic
fertilizer; M2, 15 000 kg-hm™ of organic fertilizer; M3, 22 500 kg-hm > of organic fertilizer.
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Fig. 6 Effects of vertical deep rotary tillage combined with organic fertilizer on maize yield (mean = SD). DT, vertical deep rotary
tillage; TF, conventional tillage. MO, 0 kg-hm ™ of organic fertilizer; M1, 7 500 kg-hm™ of organic fertilizer; M2, 15 000 kg-hm™ of
organic fertilizer; M3, 22 500 kg-hm 2 of organic fertilizer. Different lowercase letters indicate significant differences among different

treatments (p < 0.05).
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(2022). TEANFEAHLIEAPRCE &, Hr=g 20H
M2 >M3 > M1 > MOHJ#a#H . 249EDTAE TML, M2
FIM3ALER 1) T K= B MO 3 5113.5% 34.1%-
16.1% (2021)F114.8%. 35.7%- 23.1% (2022). 24F
FAERAAIEA —F, Rk, DTHHE T 2 M2 4 &
e AR

BE— R T R B A UL 2 2 1A R
HRRRI, 7255 WU & ) 20 KR
KR, E ZE(R)FE0.822 9-0.883 3L 4, A
i A S 3 AT e e R 7B 2 TR PR A LS R (3R S) o
2021 4F TRAL B R, oK Y S A A HLAE i H &= 4
18276 kg-hm >, X i ()7 & 415 530 kg-hm 2, 1
DTAEL T, &K I 5 A HLAE i F & v 14 505
kg-hm 2, X5 (177 818 282 kg-hm 2. 20224ETF
b R, R OK B £E A LR T A & N 16 688
kg-hm 2, Xt R (77 B 915 963 kg-hm 2, [ 20224F
DTAL BT, T K1) & A VAL H & 16 170
kg-hm 2, XiF 7 K7 B A 18 235 kg-hm 2.
24 DTEMEANAETLEBEEMER. HHEE
BRSSP E2NEX M REESITN

RSN T (5R6), R T IR

R5  ARPHETT ARIEAPULE S TR B IR R &

TR R AR R AR S B M A TERR R . AR
=, 2FWNIDTAHE R, pHS Hm F (% 1004 2 g
FR P B IR AH I 38 AR B 85 35 7K ECS5 A1)
LAI. SPAD. SODj&:. PODJE . CAT{E . Pro
PSS U R A O 38k B i 2 A
AR, SMDA S BRI B E K ANG =
it A LAL. SPAD. SODiE:. PODIEE. CAT
TEPEL Profr . SSEE K& E A ISR B3
B R IEASSK T, SMDAS Bl & 7%,
AP 5 ILAL. SPAD. SODJE % . PODIEE
CAT P AR S 24714 1) I 28 mlA I 25 1IEAH 59K T,
EMDA® &, Pro . SSHE KB WA A
KF I E K AKE & 5H T ELAL. SPAD. SOD
IETE. PODIG . CATIG . Profr &, SSE & &)™
A S E $5IA BIA B3 IEAE G KF, 5 MDAR
A MEARIL R B E K, OM& &5 FLAL

SPAD. SODiF{#. PODEHME. CATHH . SST& &
7 B A O S50 3] I 2 Bl 2 3 TEAR OGRS, 5
MDA 7 & [ AH S 14 328 B4 2. 25 17 AH G KF, 5 Pro
FEMMEAEREREEKFE, EXRj50H
LAI. SPAD. SODj&:. PODJE . CAT{E . Pro

Table5 Quadratic relationship between the amount of organic fertilizer with different tillage practices and maize yield

i BHETR S LR R S HE AT LR P U
Year Farming Quadratic function fitting Optimal organic fertilizer Maximum production
practices application rate (kg-hm ?) (kg-hm™®)
2021 TF Y'=-0.0000116X> + 0.424X + 11655.45 0.860 6 18276 15530
DT Y =-0.0000202X2 + 0.586X + 14031.56 0.8229" 14 505 18 282
2022 TF Y =-0.0000160X? + 0.534X + 11507.11 0.843 7" 16 688 15963
DT Y =-0.0000171X + 0.553X + 13764.44 0.883 3" 16 170 18 235

DT, T EIREHE; TF, WBHE TR X, AVUEHE; Y, EX~E. * p<0.05.

DT, vertical deep rotary tillage; TF, conventional tillage. X, organic fertilizer application rate; Y, maize yield. *, p < 0.05.

6 I EURBEHHICHE A AU AR 55 KM A A B AR AR SSE A

Table 6 Correlations between soil physicochemical properties and physiological variables of leaves of maize under vertical deep rotary tillage with organic

fertilizers

BiH Ttem LAI SPAD SOD POD CAT MDA Pro Ss FeE Yield
pH 0.01™ 0.05™8 —0.128 —0.10™ 0.09™ 0.02™ 0.26™ 021N —0.01™
EC —0.88" -0.87" -0.94" -0.91" -0.93" 0.56"" -0.87" ~0.89" -0.81"
AN 0.81" 0.917 0.85™ 0.87" 0.88" —0.62" 0.67" 0.87" 0.65
AP 0.82" 0.63 0.76™ 0.71" 0.69 —0.39"% 0.54™8 0.46™ 0.44~S
AK 0.88" 0.79” 0.95" 0.90” 0.87" —0.50™ 0.90" 0.74" 0.83"
OM 0.82%" 0.88" 0.90” 0.92" 0.95" -0.76" 0.50" 0.76" 0.65*
PR Yield 0.817 0.72" 0.85" 0.83" 0.80" —0.49™8 0.77" 0.79” 1.00"

AK, BREE R AN, BARES L AP, AAREEE; CAT, MAMABREYE; EC, W33, LAL MRS, MDA, W _iESHE; OM, FHLR S i;
POD, LB E; Pro, IR E; SOD, HELYBULERETE; SPAD, M43 &5, SS, FIVEMEMIS &, * p<0.05; ** p<0.01;NS, p>0.05.
AK, quick-acting potassium content; AN, alkaline dissolved nitrogen content; AP, effective phosphorus content; CAT, catalase activity; EC, electrical
conductivity; LAI, leaf area index; MDA, malondialdehyde content; OM, organic matter content; POD, peroxidase activity; Pro, proline content; SOD,
superoxide dismutase; SPAD, relative chlorophyll content; SS, soluble sugar content. *, p < 0.05; **, p<0.01; NS, p> 0.05.
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Fig. 7 Comprehensive evaluation analysis of maize yield and physiological variables by vertical deep rotary tillage with organic
fertilizer application. AK, quick-acting potassium content; AN, alkaline dissolved nitrogen content; AP, effective phosphorus content;
CAT, catalase activity; EC, electrical conductivity; LAI leaf area index; MDA, malondialdehyde content; OM, organic matter content;
POD, peroxidase activity; Pro, proline content; SOD, superoxide dismutase activity; SPAD, relative chlorophyll content; SS, soluble

sugar content.
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SRR A B B MRS, e T R
AR B ZMENIEBRA TR 28
Hp R B R R I iy, RN T SRR R R A A AN
SWATRET], ARIT F KRR RAK EFZHRIE, F
AT T B (T IR SR, 2006) . AT T AR IE
B, A HLIE IS4 5022 500 kg-hm ™ (M3ALHH) 4
Iy S IR e, (HEM2ALL, fE— 2R
¥ T L EpHAEC, SFEUCRIEAMIRE I &, R
il 7 LA S TR RF AR T .
32 FEEFEHOCHEBYV AL Rt ERH A=
ZHMERFZ

TEVINT B R R R AE KA RS, BTy
KA AR E A HERE, s &M &
WS i (FRI%E, 2024a). BN E S BIRGEHDS
7 A 5] R G R SRR, 3 R i AR R A
SO SRR A R S B M, 3 R ORI B R
(ENTMEEE, 2025). AWK B2, 2020)% B,
BHREHHR I TR R Z, BRAK T LI Shik
D Eh oyt S, AR T LA SPADHY
T, FEKIMEE SR SATERE, R EE.
AR ERR, 7BENFSESE TSRS
B, B RO AR COLE AR, 2024), 1
A HURE it F D T 3 SR 3 1 77 40 (PR AR AR AE,
2025). AR, 0 E R e S A PR
(M24b B )8 2 2 52 151 FOK I JLATRISPAD, H.ZE
ZEI Fy BRI 8] 1.7-2.19 d, X 32 EJE T 5F BELIA
FEREATE HUAE b A 2h o 3B AR S ohRE s . AR
i, & 5 A LR (M3 43 S5 2 LATFI SPAD
PRI RCRAR T M2 AL EE, 3 AT 2 DR A 1 S e
AT DI Re 2 BIHHI BT AESE, 2023), 2 7+
IR AL R, HEMIBR S T A A KR -

SRR 5] R I Ak, & FEMDA &
o, R 2 S i IR A B 25 R RN T BE (MR R A5,
2021). TLEALBLHE RS ANIBIE AT 5 (Pro. SSZF)
TERA IS5, 3885 F SR MM A0 i S2 13 3 4 4 e 5
P 72 (R B2, 2019), DLIEEMEYN: f g
(fLIREE, 2022). CABHIC(EFEE, 2022; AR B4R,
2023; Xie et al., 2024)FR B, ARACHEAE ATt AT e 58
W AT B LRGBS M AR R . A
WFFLR I, B R BERE T B IS A HLAE(M2403E)
WEREE T FOKM R, o EyIE R A
P AR 32 = T ISOD. POD. CATZ5:9i4

PR S PE R AT VA VERE & &, PRI T MDA & &, {2
BE B A R GOt T T R R, S SR AR R )
Ui AbRE 71, IS I3 2 (23R 405, 2016,
TR, 2022; Bk REE, 2023). (HE, 15
AR M3 b3 )5 BRI B 32 Z I R R A A
BAIG, X ] RESE Rl oo B i I o 5 B L SR m v M R
B, BAR LR ASSP, REMRET R G R IR ISCRTE
i, M 0 A KRN A B 7= A 47 T B i (5K
WS, 2024; K14, 2024). ILAL, AHETE R I EIRE
BHEC A HLAE PR 17 5880 Kok HHPro 1 & &2,
X AT B8 AL BT A BRI HEE A e N it B A T a5
B R, PR T IRy, R LR T
TRl Fbih 1 XS K I B Prof R I REIA (5 BHAE, 2024b).
33 EHEFEHEEAYVAEX B E K2
A

DTG it A ALAE = 35§ [5/E FH 2 5 5 i) 6 i
TN &, X5 RS AR T A AR
ThEEMI S B UG . ARV =510 w1 2 i 5 2Rk
b R R AT SR A B bR HE (i S8 LSS, 2020)
ZrpigAE(2023) I T IR, IELZ My 32 R B i Ff
b= B NE SRR T EIR R A LR &
5 LM, SORE I, IRE R E
BHE . TR QOI) I AR, IRIATEERE
R R IEAE ), i R PR Z030%-40%, EoK
FEEIN2%-15%. AT IESE, 2022) K,
it FH A WL P R v b el A 7, Rk 3R 20 R A
FIF, MTfidem T KR AR REMH, 5%
TR Bt I AR L, 38 B VR e B AC s & 1A ML
REBE e o LI LE b, PRIR T & &, LR
I 3EsE A&, A RERTE LI R BRI A
RS M, AR B 5 3 R P (R3S
R ERE IO i AT HLAE 14 50516 710 kg-hm i 7] 52
W= K. B2, &2 WAL H (M3)7E—
SEREE B e T R EpHAIEC, i it I ik
FhiEr, O] T BOKRIE R A AR R, i T R
KAE F G R, B ERM2 A HA b
o DRI, 0 BV RO S & 1A HUAE, vl ok Eh
B IS, ST SR R A S TR, dE
FORABIIENE, AEGEM 32, MM SRR .

4 “Eip
T BV BE B G it A HLAE (M2 40 FE ) BE PR £ 15

DOI: 10.17521/cjpe.2025.0048

©U 00000 Chinese Journal of Plant Ecology



234 YA ZMR Chinese Journal of Plant Ecology 2026, 50 (1): 222-236

pHFIEC, #m TN E, NEREKEETHE
ECE M R, B REREF KA A E R KK
LAIFISPAD, $#agi F A 1B, 1Lt b i
GEIFIA]1.7-2.19 d; RN 28 T A HiE L
fi§(SOD. POD. CAT)iftE, 458 1 iG kTG I Re
71, AR T MDA R . T i 2 i A HLAE
(M3 ALY & {f + 3 pHAECTF i, S 30& 4 F 4B b
W FHRIFEAR, SUEH 2K TM2. KA YLAEE
FEARFR7E14 505-16 710 kg-hm i 7] SZI ™ & 5%
KAk o XN TH G B REIX ER BRI TR &% 0 i R A
PRAL T HEIS

SE K

Bao SD (2000). Soil Agrochemical Analysis. 3rd ed. China
Agricultural Publishing House, Beijing. [ H. (2000).
HERAL AT, 3. RO AL, BT

Deng J (2024). Research on the role of fertilizers in sustainable
soil use. Rural Scientific Experiment, (1), 48-50. [X84
(2024). JEALTE -8Rl FE R A R T, AR
2505, (1), 48-50.]

Deng YS, Zhang M, Li W, Liu YJ, Peng SG, Tian F, Zhang
ZW, Zhang C, Jiang ZM, Chen J, Su GX, Deng XH
(2020). Effects of deep vertical rotary tillage on
physicochemical properties of tobacco-planting soil and
growth of flue-cured tobacco. Chinese Tobacco Science,
41(6), 30-36. (XK %, kg, 246, XIB%FE, 2k, H
W, skpPor, EAE, LB, MR, S, M
(2020). T B IR HERE X HE AE 1 e AL MIR A0S R AR KA
s, E R, 41(6), 30-36.]

Du ML, Chen LL, Yang L, Yue LN, Liu XW, Jing JY (2025).
Effects of mixed cropping of different varieties of silage
maize on yield and quality. Acta Agrestia Snica, 33,
273-282. [RRAAMK, BRFFD, B, EEAE, XI5EH,
AR (2025). AR RE D R I JOK IR AT 7 B A i S
MM, FEH AR, 33, 273-282.]

Jian TC, Kang JH, Wu HL, Liu GH, Gao D, Ma XY, Li X
(2021). Antioxidative characteristics study of nitrogen in
alleviating premature senescence of spring wheat at high
temperature after anthesis. Journal of Agricultural Science
and Technology, 23(7), 33-44. ['\R R A", BEfE, RE=,
FIRRLL, wgh, DHEE, FE Q021). RREME/NEL
T )5 il T A P AR ERT AT, B RO R 3 R,
23(7), 33-44.]

Kuang EJ, Li ZX, Chi FQ, Zhang JM, Su QR, Zhu BG (2020).
Effect of different plough and organic fertilizer on
characteristics of soybean yield and soil nutrients. Soybean
Science, 39(1), 108-115. [ERBR, ZFEE, IBRE, KA
WY, fE R, AR (2020). #0755 A PUEHC R
RE7 &R BIEFF AR, REREE, 39(1),
108-115.]

https://www.plant-ecology.com

Li CH, Zhang Q, Feng YQ, Chen DP, Zhang YM, Wei QP
(2016). Effects of organic fertilization within partial root
on the growth and leaf physiological characteristics of
apple trees. Agricultural Research in the Arid Areas,
34(3), 23-30. [Z=ER4T, kiR, WWERE, BROKHS, fkikix,
BAUCT (2016). 73 DXt FH AT HLAE XS 36 SR A 2B A A
FrAE SRR . T R CRMEIT AT, 34(3), 23-30.]

Li GH, Liu PP, Zhao B, Dong ST, Liu P, Zhang JW, Tian CX,
He ZJ (2017). Effects of water conditions and controlled
release urea on yield and leaf senescence physiological
characteristics in summer maize. Chinese Journal of
Applied Ecology, 28, 571-580. [Z5] ¥, XIFF, X,
FR O, XS, RSN, HERE, fMEH (2017). NFHE
K3 SR AT T R PR FR B K BRI 3 2R
SN AR R, 28, 571-580.]

Li ZH, Guo YF, Ren GD, Zhang KW, Miu Y, Guo HW (2023).
Advances in leaf senescence. Journal of Plant Physiology,
59, 1627-1656. [Z=HHifE, #HoKkUE, (EEFR, KA, 2
A, AT (2023). MR EEF AR, YRR,
59, 1627-1656.]

Liu H, Ma ZH, Liu WF, Wan MH, Ma FL, Wu N, Liu JL
(2025). Effects of different tillage practices with organic
fertilizers on rhizosphere soil microbial communities of
maize in saline-alkali soils. Chinese Journal of
Eco-Agriculture, 33(1), 25-39. [XI5, BRATAE, xIEA,
TR, B, R, XA (2025). ANEBHE T
it A AL AES X 3 ol e K AR o - SR 2 W R v ) R
R AR A AR AR, 33(1), 25-39.]

Liu HB, Liu GL, Cheng YF, Li HX, Yin CL, Ning TY, Liu P,
Li G (2024). Effects of alternate tillage mode on soil
water-salt distribution and winter wheat yield in
saline-alkali soil. Agricultural Science & Technology and
Equipment, (5), 54-57. XIS, xIEF], B, 25
8, FEKE, TER, XM, FHE (2024). ZEPHER
O S Bl - 3K 0 Ai Je &N 2P R R . A,
B EH%, (5), 54-57.]

Ma DL, Gao HX, Yu XF, Gao JL, Li B (2023). Effects of
subsoiling tillage on stalk lodging resistant mechanical
characteristic of maize varieties after physiological
maturity. Agricultural Research in the Arid Areas, 41(1),
140-149. [Gik R, mE&E, TR, mEK, FE
(2023). TRFABHVERT AR AR T K it b A B R 97T
R g 2R R S . B IXCR L BF 5T, 41(D),
140-149.]

Ma ZH, Liu JL, Wu N, Yang YS, Hu YQ, Zhe YQ (2023).
Effects of deep rotary tillage combined with organic
fertilizer on bacterial community structure and function of
maize rhizosphere soil in saline alkali land. Chinese
Journal of Agrometeorology, 44, 479-491. [BRA1E, XI5
M, RUR, kAR, WKL, FKIE (2023). EREHHRC
Tt AT HTUIE AT 5060 3 T K AR o -1 38 4 B B 9% 45 ) B HC T
ARz, FRERR S, 44, 479-491.]

Qiu L, Zhao LS, Xie YD, Xiong HC, Gu JY, Bi XL, Liu LX,

©U 00000 Chinese Journal of Plant Ecology



2 H AR 2 ELR RO A HLALXS EhesH TR M S22 Rt S B s 235

Guo HJ (2022). Advances in research on premature
senescence in plants. Journal of Plant Genetic Resources,
23, 346-357. [fILHk, BAMKIR, MiKE, AR, BT,
BT, XUsAE, #heA (2022). MY RO TR,
TYDIE A% SR 24K, 23, 346-357.]

Qu ZY, Hu M, Wang LP, Ding YH, Gao XY (2020). Effects of
different improvement measures on hydrothermal carbon
and sunflower yield in salinized soil. Transactions of the
Chinese Society for Agricultural Machinery, 51, 268-275.
UEE S, I8, EmE, THR, @b (2020). A
SR AR TN £h 5L K ik 5 268 B R R
VAU AR, 51, 268-275.]

Su M, Liu QJ, Hong ZQ, Li FG, Zhang ZZ, Zhou T, Ma JL,
Wu HL, Kang JH (2024a). Effects of different nitrogen
application rates on photosynthetic characteristics and
yield formation of potato in semi-arid region of northwest
China. Journal of Plant Nutrition and Fertilizers, 30,
1919-1933. [77H], MIsds, dLA M, B8, KIED,
Fdl, Badde, RESE, BRI (2024a). PUALETRIX
A TR) e 8B B O S R BT B B RS . A
WrE FR 5 RERL R, 30, 1919-1933.]

Su M, Liu QJ, Zhang ZZ, Zhou T, Hong ZQ, Li FG, Kang JH,
Wu HL (2024b). Effects of nitrogen application on
antioxidant properties and yield of dryland potato leaves in
the mountainous region of southern Ningxia. Chinese
Journal of Ecological Agriculture, 32, 1341-1354. [#31f,
WisRiE, SKIEZ, MR, A, BRI, RER, RE
5% (2024b). FEENT T E RO X R S A=
SRR M Ko B R, E AR SR O R, 32,
1341-1354.]

Su QR, Li WX, Chi FQ (2006). Effect of organic fertilizer
application on soil salt content and the yield of rice.
Chinese Agricultural Science Bulletin, 22, 299-301. [15 &
W, FLF, IBRE (2006). A VUL L% 5 RoKAE
FEE . E R R, 22, 299-301.]

Sun J (2013). Improvement of saline and waste land into good
land. China Rural Science & Technology, (8), 28-29. [fih
#(2013). #hEL S REFH LA R . b E R R
(8), 28-29.]

Sun Q, Hu JJ (2006). Research Techniques in Plant Physiology.
Northwest A&F University Press, Xianyang, Shaanxi. [}
B, BASL (2006). YA ER AR, HILRRE
BRI AL, BT R ]

Wang BL, Zhou CS, Hai Z, Lou YX, Liu XY, Zhen T, Liu P
(2024). Effects of deep-pine tillage and mulching on soil
physicochemical  properties
saline-alkaline land of West Liao He Soda. Jiangsu
Agricultural Science, 52(19), 252-258. [E4A s, FFE,
2, LMWK, X2 RE, BiE, XU (2024). WAABHE
L5758 JRXF PG SV 54T ER Bk L g AL B R ROK R
Rz, VLR R, 52(19), 252-258.]

Wang CJ, Li FX, Wu X (2021). Effects of different organic

materials on soil nutrient content and nitrogen availability

and maize yield in

in saline alkali land of Yinbei irrigation area. Modern

Agricultural Science and Technology, (23), 141-142. [E
KZE, ZRE, RE (2021). RREGHR X HEICEX
s IR B R L A AR AL AR
1%, (23), 141-142.]

Wang D, Lyu YJ, Yao FY, Xu WH, Chen SM, Shao XW, Cao
YJ, Wang YJ (2022). Leaf senescence characteristics
post-anthesis at different positions of spring maize canopy
under different cultivation models. Chinese Journal of
Eco-Agriculture, 30, 1925-1937. [£F}, B, Skl =,
wocte, BRIMES, AR, WERE, FARE (2022). A
[ AR 1 A 33 SR KA YT J2 AN [R] A7 I 1 3 2
P, A E AR A, 30, 1925-1937.]

Wang LP, Li P, Zhao LH, Fan ZL, Hu FL, Fan H, He W, Chai
Q, Yin W (2025). Response of senescence characteristics
for maize leaves under different plastic mulching and
using patterns in oasis irrigation areas of northwestern
China. Acta Agronomica Sinica, 51, 233-246. [ENN#, 2=
W, RS, BE T, WL, JOUT, R, SR, BROC
(2025). PHALERME X K R 52 Z R AL X AN [ i 7
FF A7 R R RIS, 51, 233-246.]

Wang QM, Jing YP, Li YJ, Zhao J, Zhang YZ, Li XP, Li HC,
Liu YJ, Bai YX (2020). Effect of different fertilizer regime
on the improvement of saline-alkali soil in Hetao Irrigation
District. Soil and Fertilizer Sciences in China, (5),
124-131. [FJREE, ST, 2Rk, B2, oo, 2
FE, B, XFAR, BEM (2020). ANFEE LS
XA X R e e RACR . T E LIRS AR, (5),
124-131.]

Wang W, Li MY, Zhou R, Mo F, Khan A, Batool A, Zhang W,
Lu JS, Zhu Y, Wang BZ, Yang YM, Wang J, Tao XP,
Xiong YC (2023). Leaf
remobilization, and productivity of maize in two semiarid
intercropping systems. European Journal of Agronomy,
150, 126943. DOI: 10.1016/J.EJA.2023.126943.

Wang XQ, Xu X, Li FX (2010). Possible effects of coal flue
gas desulfurization on nitrogen metabolism of alfalfa and
research progress. Agricultural Science Research, 31(4),
84-87. [E55, VX, ZERE (2010). A BHRY
Jite x4 A ) PT RE S e S i AUtk e Ak Rt
WA, 31(4), 84-87.]

Wang Y, Zhao C, Fan ZL, Gou ZW, Hu FL, Yin W, Chai Q
(2020). Characteristics of dry matter accumulation and

senescence, nitrogen

yield formation of dense planting maize in different row
spacings. Chinese Journal of Eco-Agriculture, 28,
652-661. [E &, B, #EE e, ML, BRI, BOL,
S5 (2020). AT B PR R R TROK E LT /0 (9 T4
FAP= R L. b AR R, 28, 652-661.]
Wang YX, Wang JH, Liu YT, Ren CM, Yang HY, Xu YY, Gao
P, Zhao L, Hu JF (2018). Effects of different deep
loosening years treatments on the layer structure and the
yield of maize of saline alkali soil in semi-arid region of
Heilongjiang  Province.  Heilongjiang  Agricultural
Sciences, (8), 15-18. [£F%s, £, XKk, (EHH,
Poiiss, IREE, ml, B, WI4kDT (2018). AFIER

DOI: 10.17521/cjpe.2025.0048

©U 00000 Chinese Journal of Plant Ecology



236 fEMAEZMR Chinese Journal of Plant Ecology 2026, 50 (1): 222-236

A BR AL BT BRIV 48 7 5 X 6 0 B2 25 ] R
KPR, BT RIE, (8), 15-18.]

Wu HY, Zhang YJ, Zhang WF, Wang KR, Li SK, Jiang CD
(2019). Photosynthetic characteristics of senescent leaf
induced by high planting density of maize at heading stage
in the field. Acta Agronomica Sinica, 45, 248-255. [ &
&, skHEE, skiEE, oo, 20 R, FEE (2019).
FET 1) 2 L 75 5 il AR T oK 3 2 )6 & /R LA,
TEW2EAR, 45, 248-255.]

Xie GM, Liang M, Chen P, Zhang C, Fan MY, Wang CY, Zhao
L (2024). The effects of tillage and the combined
application of organic and inorganic fertilizers on the
antioxidant enzyme activity and yield of maize leaves.
Agronomy, 14, 968. DOI: 10.3390/agronomy14050968.

Xiong W, Jiang LX, Chi P, Wu Y, Geng D, Du CQ, Liu S, Liu
Y, Yang YL, Pan C (2024). Application and effect of soil
fertility enhancement measures in high standard farmland
construction in Luotian County. Central South
Agricultural Science and Technology, 45(11), 81-84. [fE
i, TLBREE, MM, RE, BAHR, AR, X, X,
W Bk, Wl (2024). % HELmbRvER B e )
PEFHHE IR B R, R LRI, 45(11), 81-84.]

Yang HL, Bie H (2024). Characteristics and application
prospect of a new oil crop Cyperus esculentus. Seed
Science & Technology, 42(17), 139-141. [## )y, 5l
(2024). B4R E P i 75 5 A RR % K R SR T
FiF R, 42(17), 139-141.]

Yang QH, Zhang Q, Wang YX, He X, Yang PW, Zhao DZ, Ni
M, Zhu HY (2019). Effects of deep ploughing on soil layer
characteristics and maize yield on red soil sloping land.
Southwest China Journal of Agricultural Sciences, 32,
2783-2789. [MiREME, SKEK, ERI%, A, Mg, &
TERE, EA, R0 (2019). ZDIEHHIRIAPEXT L By
PEFI K= R RE M. PH R Ok 24, 32, 2783-2789.]

Yu F, Zhao S, Zhao Y, Wang Y, Fan YK, Meng QF (2022).
Effects of long-term application of cattle manure on soil
fertilityand corn yield of saline-sodic soil in western
Songnen Plain. Agricultural Research in the Arid Areas,
40, 172-180. [F3E, B, BARY, VL5, Vugitd, KU
(2022). < HTjite FH A B AESKS Fa 080~F i 17 3 s = A 7 A
ERFE R, R XAV AL, 40, 172-180.]

Yu HD, Chu ZY, Wang SY, Guo YQ, Ren BZ, Zhang JW
(2023). Effects of different controlled nitrogen ratios on
leaf senescence and grain filling characteristics of summer
maize. Scientia Agricultura Sinica, 56, 3511-3529. [TV
R, VRS, EIR, FHGE, A, KT (2023).
AN TR B SRR LA 0 B T oK 5 S FORF L E SR R
Hsem. s ELRL R, 56, 3511-3529.]

You ZY, Wang JG, Liu Y, Yan ZH, Zhang JL, Wan SB (2024).
Interactive effect of N and Ca on the nitrogen metabolism
enzyme activity, nitrogen utilization and calcium

accumulation of peanut. Chinese Journal of Oil Crop

Sciences, 46, 904-912. [JUHRH, E@ME, X, SRME,

https://www.plant-ecology.com

SREETS, Uk (2024). RS ELAEXS AR B R A LA
FARRER . EHEMEY SR, 46, 904-912.]

Zhang B, Li JR, Guo LN, Zhu SJ, Fu FW (2024). Research
progress on the effect of organic fertilizer application on
soil microorganisms. Journal of Jilin Forestry Science and
Technology, 53(6), 27-32. [, ZRVL%, FRE0, 48
i, AT (2024). A HLICE NS HIFAE M S e RIE
Ak, FHMMOLEHE, 53(6), 27-32.]

Zhang JY, Du QZ, Liu X, Deng JH, Jiao Q, Gong L, Jiang XY
(2021). The regulation of S-abscisic acid on corn growth
and yield in saline-alkali soil. Agrochemicals, 60, 853-858.
(AR alk, ARPRRE, XUFH, XSEEHE, FEJ7, 2RI, M
(2021). S-FEPLFE X ERBIHN TR A2 K= B 1R .
12, 60, 853-858.]

Zhang JZ (2007). Effect of Microbial Organic Fertilizer on
Physicochemical Property of Saline Alkali Soil and
Physiologic Reaction of Alfalfa Master degree
dissertation, Northeast Agricultural University, Harbin.
[FREHE (2007). AP0A HLIEXS sl -+ B4 5 K% B 7
A3 S RS2 I AL B S 1R 0L, ARABARIRE,
MG RV

Zhang MW, Qiao JF, Song SS, Ma J, Zhang PP, Li C, Niu J,
Guo HX (2022). Effect of drought stress on grain-filling
and physiological properties of summer maize and the
exogenous spermidine regulation. Journal of Nuclear
Agricultural Sciences, 36, 2501-2509. [FK3EM, FRILT,
RERIN, DE, skmly, 251, 4%, i (2022). T
B0 B TR KT 78 S AR SRR R 14 5 ) A HG AR I A
JE iR, AR 2R, 36, 2501-2509.]

Zhang NX, Zhao C, Zhao LX, Cai LJ, Wang YF, Chai Q
(2018). Water-saving potential for biennial mulched corn
with same plastic film in oasis irrigation area. Acta
Agronomica Sinica, 44, 876-885. [k 5/, X, X R EE,
ZEHIE, T, 4550 (2018). SEUNEX — ML M 4 K
KEITKIE T, B FR, 44, 876-885.]

Zhang X (2024). Agricultural environmental protection
technology in the development of ecological agriculture.
World Tropical Agriculture Information, (11), 21-22. [5K
B (2024). AEBRK R HIRVIREA. tHF T
FkAE R, (11), 21-22.]

Zhao WX, Huang M, Li YJ, Wu JZ, Zhao KN, Zhang J, Li SJ,
Wang HT, Huang XL, Li S, Li WN (2023). Effects of
different tillage practices on physiological characteristics
in flag leaves and grain yield of wheat during the summer
fallow season in dryland of Western Henan. Agricultural
Research in the Arid Areas, 41(5), 175-185. [¥ 248, i
W, Z2RE, ReZ, BILE, KE, s, Eik,
TR, I, 0 (2023). B NZEAR FBHE T 200
TV N BRI AR SRR A R A . R X
LOLHT A, 41(5), 175-185.]

WERE FRR TERE: F W

©U 00000 Chinese Journal of Plant Ecology





