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Effects of partially replacing chemical fertilizers by cow manure and corn
straw compost on photosynthetic characteristics and yield of spring maize
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Abstract . In order to determine the appropriate proportion of cow manure and corn straw compost for replacing
chemical fertilizers, Fumin 985 was used as the test material in this study, and five treatments were set up, including no

fertilizer (CK), 100% chemical fertilizers (CF), 10% compost for replacing chemical fertilizers (CN) , 20% compost for

replacing chemical fertilizers (CE) , and 30% compost for
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replacement treatment could significantly improve the photosynthesis ability and key enzyme activities of carbon metabolism

of spring maize. Under the condition of applying compost, with the increase of the proportion of compost, the net photosyn-

thetic rate (P, ), transpiration rate (T,), stomatal conductance (G,) , intercellular carbon dioxide concentration (C;) and

key enzymes ( phosphoenolpyruvate carboxylase, ribulose-1,5-bisphosphale carboxylase) activities of carbon metabolism of

maize leaves in each growth period showed a trend of increasing first and then decreasing. Under CE treatment, the photo-

synthetic parameters and key enzyme activities of carbon metabolism were the highest. The cow manure and corn straw com-

post replacement treatment could significantly increase the yield, grain number per spike and 1 000-grain weight of spring

maize. The grain yield of spring maize in CE treatment and CN treatment was 9.41% and 7.03% higher than that in CF

treatment, respectively. This study can provide a good reference for the resource utilization of livestock and poultry manure

and crop straw and the combination of the use and maintenance of cultivated land.
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PRI T 2020 42021 4FEAE 5 R 2 F I8 17 5
PR3 AR S A HEAT . 1360 b 41 Y5 B2 W 4 450 ~ 550
mm , 4F HFIE 2 800~ 3000 °C, Jo7E #1130~ 140 d,
TR+ 0~20 em HEAPLFE SR 3. 18%,
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39.6%,pH {H 8. 00, THAHIT &F i A FH . &
o 2SR 35.50% 1. 11% 1. 09%
1.03%,

DL K Bl E B 985 A B A1 R, 2020 4 Al
2021 4F 5 J1 6 H RN TS 3% 0 7 Xk, 91
hm* FfE60 0008k, 10 H 8 HUHk, IS E IR0
R I AN AL | 4 5 AR A | 10% HE I AR
FBAE 209 HERE B ACALAE  309% HEAE B AR AL AL 45 5 4

x1 EREREBAE

Table 1 Fertilizer dosage in each treatment

SRR AL BB R AR 1, AP 3 A E
8215 A/NX, BN 72 m®, HEAEAE
B M 2 B — U 2 A0 B0, FHBERR LI 21 TR A
0~20 ecm L2, KT HALIE A N & & 46% 1
PRZE PO & i 12% Mt BERES F1 K,0 & & 52%11)
BRERER , 40% A S IE T 4 3 i 40 IR 15 34 P — ke 1 3
JE it FH , 60% (1) B AE T K35 15 38 1

SIS Jb 3P4 TR N(kg/hm?) P,05(kg/hm*) K,0(kg/hm*) HERL (kg/hm? )
CK At A 0 0 0 0
CF Eaneia 180 90 90 0
CN 10%HEAE R AL E 162 73 74 2 685
CE 20%HENEEE AL 144 55 57 5370
cS 30% AL ARALAL 126 37 40 8 055

1.3 NEMBEER*®
1.3.1 EReb A RS K4&mz T EKAKmim
P Ak 22 R SR 40 e BRmg T = IR R
TEAS/INX B B A4 — B0 3 Rk BORAERR, SR Li-
6400XT 5 #5 2O & AF il & 248 (3£ F Li-Cor 2
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2020 2021 545 FK PEPC 16 HH1 RuBPCase TEYEHR 2
PRACHE I v Ea s, FE RN ] CE 43R
2020~2021 4FF-¥5 PEPC 1514 F1 RuSPCase 15 PE#E CK
3HIHE R 20. 54% 30. 98% ; FEh L 22 1, CE Ab 3T

R2 SEFMEERSURBERENEERREGHIENZMm

Table 2 Effects of partially replacing chemical fertilizers by cow manure and corn straw compost on the photosynthetic characteristics of

spring maize

2020~2021 4V PEPC 15VEFT RuBPCase 15 VE%E CK
A3 4R 23. 48% 24. 48% ; TEHE K W, CE AL R 1Y
PEPC 3511 RuBPCase 1514 CK 235145 13.39% |
27.11%.,

U LNER Y CK 25.71d 3.20b 0.20b 126.14¢
CF 29.39¢ 3.76ab 0.22ab 148.12b
CN 32.11b 4.21a 0.32a 164.98a
CE 34.32a 4.31a 0.34a 170.23a
cs 27.66¢d 3.40b 0.22ab 137.94bc

vt 22 3 CK 24.74¢ 3.01b 0.19¢ 122.26¢
CF 28.64b 3.36b 0.22ab 146.60b
CN 31.37a 3.91a 0.31ab 163.44a
CE 32.93a 4.16a 0.35a 168.60a
cs 27.43b 3.25b 0.22bc 134.45bc

R CK 25.05d 3.13¢ 0.18¢ 120.46¢
CF 28.01¢ 3.51be 0.22bc 145.42b
CN 30.96b 3.86ab 0.30ab 162.83a
CE 33.89a 3.97a 0.34a 166.90a
cs 27.39¢ 3.23¢ 0.21bc 136.29h

CK.CF.CN.CE.CS W3 1, &% 2020 F1 2021 4EHF-I1H , 7l — & B BRI S EHE 5 A F/NS FhE R R AL 3 A 7F B % 25 5 (P<0.05)
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Fig.1 Effects of partially replacing chemical fertilizers by cow manure and corn straw compost on carbon metabolism exzyme activities in

maize leaves
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HERE AL N AL B (CS) P2 e ik, Horr, CE b3
5 CN AbHf P~ 22 AN 3, CS AhFf 2 ARSF 2=
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Table 3 The maize yield and its components under different fertili-

zation treatments

Tk % Bl i
L
2020 4= CK 480.56¢ 274.27d 7.11d
CF 535.75b 341.55b 10.02b
CN 556.48a 349.97a 10.77a
CE 558.51a 356.54a 10.95a
CS 528.05b 331.01c¢ 9.38¢
2021 4F CK 492.87d 273.61d 7.50d
CF 535.47bc 341.41bc 10.07bce
CN 548.64ab 343.60b 10.55ab
CE 556.44a 356.46a 11.03a
CS 531.17¢ 331.44¢ 9.68¢

CK.CF.CN.CE.CS W 1, [F—45 FAET 5 AR/NG 158
Jib B E) 2 5 B 3 (P<0. 05)

*4 AEABRLEZGHTERFERMBEEZRSTE5H

Table 4 Analysis of variance of maize yield and its components un-

der different fertilization treatments

EES FRIEL THIE s
Ay NS NS NS
Jita A Ak 3 s o s
ARy it A A 2 NS NS NS

s FETR AR % (P<0.01) NS FR A %,

3 1 e

A B it P A2 O B A 0 v 7 ™ 1 B e it
T AR P R T 38 3K e i e A e A, (R
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T R H T T B, AN R T AR Y S T R 2 R
J125) - Chatzistathis 25 (BT 45 521 , HEREAE
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A B R R A AR fe Al iy n] ¢
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Z— VEWHE K S WA AR 58 55 X E 9 =
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FAVER I B LA E R SAL S B, AR
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BEH) 30%H,3 A B W E ok CEEH S5
A EE(CF) BTG 5.3 25 5+ .

RuBPCase 1 PEPC #f 52 #9665 1F FH A G 5
2 wRlEL i AR T CO, B S TR P 4R L PEPC
VEFRIF A B IRR | SR 5 T3 i ) 20 45 o 4 A e
BRFK CO, | [RIIN7E RuBPCase fEAL TN 5% Bt —w
FRIEAT RS, AT [ 52 CO," . R, RuBPCase il
PEPC &1 07 AL RERS TR B T KA R % 7)1k fE T 1
SRS ARESE H, BE 2 IR A B A 1 3
RuBPCase Fl PEPC i 14 35 32 304y 5 14 588 )5 9 55 (1)
e, 5 CK ML, RSP LB AR T Y
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(CE) b FEF 10% HENE UL (CE) AR 22 7oA
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R R Al W R R VE 5, A LA
HEHFH AR T S5 F . Cheng 3 [ BF 5% 45 B 56



ThHIEPGSE . ARG AT HEAL 5 A AL R MO X 4 T K65 Ak S ety S

1225

AH 38 1A BILAE A Ak AT J2 A e fb BB 2o it e FH 5
BRI A RGR AR . KIWRRLLE A HLIE AT
DA 4R M e i Y (R 7 e A T 1
I AR | A A RS AT HE AR AR b
FRRE W3 0 K i A . 5 CK AL, %%
EHEE AL HL T 2020 4F 1 2021 455 1oK==
Oy 5 N 31.9% ~ 54. 0% F129.1% ~ 47. 1%,
H KRR A S Tk 8 Al i 5 38 R 7
TALNERE oK A K R B $ 43k 58 1y AL SR O
HE P R A% O % 75 40 14 R 22 (4 107, DA TG 5 B K 11
[T - Vi
4 45

Jitl FH T 5k (4 S P M A AR 2 Ak A T LA
R R AR K R 0GB R T Mt AR O I I
P HE I AR 2 B B K 5 BEORLECR TR R Y $2
15 5 1t FH 209 25 2585 FFHENE 2R A0 AL AT B, 6 K AT ik
(GARE T A gt i I P 14 I e o 0 3 B 7 K
RIrEAE,

SE Lk

(1] F—2 f UF, R, % AR KX 5 5K = AR
PR AR AN ]]. KRR ,2023,31(2) 1 106-115.

[2] D099, BAMR,E M, % RESEEKRE LRI 6
[J]. BRI, 2023,31(2) :54-58.

[3] ZHANG X, DAVIDSON E A, MAUZERALL D L, et al. Manag-
ing nitrogen for sustainable development [ J]. Nature, 2015, 528
(7580) :51-59.

[4] % b, ZETFM, mER, & AHUES AR B An X 1 f i
LB K KA K B AR PR B MR [ D] 3T R U K
2R (FRBRERR) ,2023,51(5) :122-130.

[5] B4R XIE, 860, %, DS kA& el LT
SB[ T]. Rl HUER ,2023,54(8) :19-29.

[6] st i, 5KANEE, i, 2. T 25 50700 %o BOmUR A B s 11
Ko A SERREPERI [T ], WRTLAR B2, 2023,64 (7) :1749-
1752.

(71 H & Jhx% %% RRE VSRS EAAT N2
B RER R R F R[], Ak 3R B R 2 2 4
2023,42(10) :2291-2300.

[8] =M A7 YL, %68, & AP IR R i | 5
oy B A B A M ZRERE RS I [ )], VL3RR 24,2023, 39
(8) :1772-1783.

[9] WRWAS, RHE, &2, 4. FFAPUILE b2 ZUI0 %55 3%
A MR ARSI [ ], 03RRIl 24417 ,2022,38(3) : 650-
656.

[10] A N RN [ Al A A TR 20T 7. AL A A B 56 T 5

[11]

[12]

[13]

[14]

[17]

[18]

[19]

[20]

[21]

[22]

[23]

[24]

[25]

WIS AR N B ] [ 5 3 G PR BT B A R ) i =L
[AeBl# % (2021)8 5 ][ EB/OL]. (2021-08-30). http://www.
moa.gov.cn/govPublic/KJJYS/202108/120210830_6375173.htm.
WENR, MR, 5. A ARIUHL XA HLIE B IS5 A Rk
S FIRESI 43T [J]. Al FER 5 P58 241, 2023,40(4)
745-754.

ABAGANDURA G O, MAHAL N K, BUTAIL N P, et al. Soil la-
bile carbon and nitrogen fractions after eleven years of manure and
mineral fertilizer applications[ J]. Archives of Agronomy and Soil
Science,2023,69(6) :875-890.

EAMLZE B A RMBIEA HLE AU R i
IR A EIA L 1], K R ARFFAAR, 2023,37(4) :313-318.
WANG R, LIUT, LU C Y, et al. Bioorganic fertilizers improve
the adaptability and remediation efficiency of Puccinellia distans in
multiple heavy metals-contaminated saline soil by regulating the
soil microbial community [ J]. Journal of Hazardous Materials,
2023,448 :130982.

TEAEE HTR B B, % 1980s-2010s AL H L5 5y
28 ARAARAE L) ] LA S 244, 2023 ,34(4) :865-875.

LUO J P, BANERJEE S, MA Q X, et al. Organic fertilization
drives shifts in microbiome complexity and keystone taxa increase
the resistance of microbial mediated functions to biodiversity loss
[J]. Biology and Fertility of Soils,2023,59(4) :441-458.
BASSAM A, GAD M, MOHAMED S. Integrated use of organic
and bio-fertilizers to improve yield and fruit quality of olives grown
in low fertility sandy soil in an arid environment[ J]. Phyton-Inter-
national Journal of Experimental Botany,2023,92(6) ;1813-1829.
gts O 'S IS IUIEE UL R X K
PRAERUN T AN 2 R S SR A WA [T TR
b 2E37,2021,37(6) £ 1451-1459.

H R AR R, AR S U HENE R A AR A S X 4 i g
BRI EORARIEENA )], AR FRFR 24, 2023, 42(11)
2453-2463.

T , S EOE , A A, A Bl R e 1 e T T R R 8 Y T
En 1 .PEP JR{b A [7] D) B 1) 43 25 R R A4 etk b 5[ T ]
YA R4, 1979,5(3) :225-235.

THOMAS H, MORGAN W G, THOMAS A M, et al. Expression

of the stay-green character introgressed into Lolium temulentum Ce-
res from a senescence mutant of Festuca pratensis[ J]. Theoretical
and Applied Genetics,1999,99(1/2) :92-99.

ELes, AR, T A F U AE R BUR (Il B a3 (7).
YIS SNk AR, 2014 ,20(4) ;783-795.

TR, 153 W AU BCHE X 5 I3 4k 1k
B8 B R W s e [ J] . 103 ,2023,55(2) :262-271.

CHATZISTATHIS T, PAPADAKIS I, PAPAIOANNOU A, et al.
Comparative study effects between manure application and a con-
trolled-release fertilizer on the growth, nutrient uptake, photosys-
tem I activity and photosynthetic rate of Olea europaea L. ( cv.
‘ Koroneiki’ ) [ J]. Scientia Horticulturae ,2020,264(5) :109176.
JASON A R, IGNACIO A C, TONY J V. Physiological evaluations



1226

FAND N S| A=

2024 4 55 40 & E T W)

[26]

[27]

[28]

[29]

[30]

[31]

of recent drought-tolerant maize hybrids at varying stress levels[ ] ].
Agronomy Journal ,2013,105(4) :1129-1141.

YE S L, LIU T, NIU Y. Effects of organic fertilizer on water use,
photosynthetic characteristics, and fruit quality of pear jujube in
northern Shaanxi[ J]. Open Chemistry,2020,18( 1) :537-545.

W B, REE, A H AT R R R A
M-SR RTOCRHE R BRI [J]. EARPHE,2017,25(1)
133-138, 146.

TRFAE. ARG T 2O R B ROGA R i A AR EOK AL
HREEE[ D], WIL . A5 RIERY: 2022,

Thgm | A XS GE, R ORI EAR R R A
R RS [ ], M R 2R Rl 5 AE R E D
2023,44(3) :62-67.

BB PRI, AL AF. R R AR N A g ST £
HAE T3 5 RIEA AR [ )], VL3R4 41, 2023,39(3) -
692-698.

SR, B, R GF. T R MR ZE AT R R L1

[32]

[33]

[34]

[35]

DA -3 FH O 2 3R T 22 G R [ D). TLaR Al Bl 2
2023,51(9) :247-254.

JmLE B AR R R R R O S R R
AN A R R R [T ], B U7 Ak R, 2022,53(9)
2425-2434.

CHENG Y, LUO M, ZHANG T G, et al. Organic substitution im-
proves soil structure and water and nitrogen status to promote sun-
flower ( Helianthus annuus 1..) growth in an arid saline area[J].
Agricultural Water Management,2023,283(6) :108320.
LEONARD R Z, MARC C, SHAMIE Z, et al. Pushing the enve-
lope? Maize production intensification and the role of cattle manure
in recovery of degraded soils in smallholder farming areas of Zimb-
abwe[ J]. Field Crops Research,2013,147.40-53.

i 9 SEEN AR . A LIS AR A Xt oK
ARG P B IR YRR A [ BT O B2, 2019, 56
(2):325-332.

(WIS B M)





