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1.1 iREe AR

B KD Ty EB 8 958, Ak TR AR IR [ B
TR M MRAR S S0 E Rk, TR IESE LIE RS T
A FER BRI R R OB IR S R BT N, R T
AR LA, ML, BB MIBREARRA TZ,
2012 ~2013 4EEETRALEIFRS> H AR 13. 47 g/kg, &
B (P,0,) 6.263 g/kg, &% (K,0) 8.104 g/kg,
Rl 1 082 mg/kg, AR (P,05) 1274 mg/kg,
AN (K,0) 1 688 mg/kg, A HLFE 228.7 g/kg,
EHELIPRZE (N 46% ) : W58 — % (P,0548% ) :
BRI (K,044.83% ) =2:2:1 WHIRGIETH.
1.2 Rt

BET 2012 ~2013 4FAE AR LA R 2R YA 3
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RIS T, BEPLIXA T, 3 ER, /DX
56 m*, FEA/PNXAZEK 8 m, 10 17, 17H50.7 m,
TERENE /50 35, HIERAR RS+ 0 ~20 em
HEZ087 A 185 me/kg, HAER (K) 185.5 mg/kg,
AW (P) 65.13 mg/kg, A HLIFE 26.45 g/kg, pH
H6.78, 4 J1 29 HHEFRN, FEAW NEAE T T,

x1 BREBEESKFRHEELGREERHISSE

TEREFETTF , = IRSETHIE | 5 AHE B 44 2 it
TN, 7530 min J&5, SIS BTG, A5
MR, N T RRPRL, £F 1 0 1OmgEtT
(L, A P VA B AR A 7 TR I BEAT

Wi 5 MR, Hxr | (CK) AHjitfk
A, ELAREC i ) M 4578 A W 1

s e ga BN GhE | MRS P0 i MR K0 Gt FHUR A
(%) (%) (¢/kg) (w/ke) (&/kg) (%)
Al 80 20 5 6.974 8.750 22.87
A2 60 40 5 6.410 7.708 22.87
A3 40 60 5 5.847 6. 667 22.87
Ad 20 80 5 5.283 5.625 22.87
CK 0 100 5 4.720 4.583 22.87

1.3 DEFghr Kk

AESI 2 SRR 7 A Dy aERt 7B =, rf
MEEE 3 U, F SPAD i1 EThAEM: F 4t 2 %
. F WALZPAM - 2100 {8 #5204 2 58 6 2 X
MEnt F it RoOES8, LRSI EYLhE
% (F/F,) . PSILWEE. (F/F,), Rt
AFE I SE AL Li — 6400XT ) 52 i H 6 4 3%
(P,). Z&BHERE (Tr), SILTFE (Cond) %%
B, SRR E S AR s KA, HH
ECA - GCO2 Wl JZ2 53 ¥ R 58, FEA B4 6
UORBOI S S, AR5 e F5As 20e 2
MR SR

FEEAR, 8 (kg/hm®) = FESREL +
FESEA (m?) x10 000 x F:RRSE 2 FR L x @ kL
& x0.85x107°, 3 RERBCFHME, rd s
i, FIH Perten 8620 T £LAMS 143 B4 E &
KAFRLED T
1.4 $dEaodr

K1 Excel 2007 F1 DPS 7. 05 #5447 5 48 &b
L EEAGE T Hr

2 HREHSH

2.1 VBAES AR AR B X AR J6 AR KRR [A] B 1A ) g
e e a s Lagaib-All|
2.1.1  VARESALAEE it X 45 b 7 5 KA [a] s 359 2
REM: - SPAD {E 4 51

Bl 1R, MiEERAEF RS, N
TR N5 4k BE fic ite &b 2 /5 9 i R SPAD {2 e TG
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Hie/N, LLAL BRG], 07, dlikfE, nhez | R
IR B 1 SPAD B 43 51| 35 1| 49.45 52.28
61.02, 70.03 1 39. 13, 435 & X #E 22.29% |
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THRERRAR, S8 «v7 PR, TEnk 221k F)
RRAE, Jea E IR NI 5%, WK AL & W0 iR

JIE-55 P I P it A7 1) T 34 53R 6K 7 B ST 36 4
PR ROR, A I K I A AR Y O R

L. GRE ML, BE 22 AL AL B X R ARARERE, i 2 AN B M PR AT K B
29.3% , EREREAT, XEIERLHNOE  JCarEm,
52 BESKBREMFILE IR KRR F /P, 50

Lb B EL A Eillpzia: k221 TSI A

Al 0.65 =0. 14a 0.71 £0. 14a 0.75 0. 14a 0.73 0. 16a 0.67 £0.09a

A2 0.63 +0. 11ab 0.68 +0.21b 0.73 +0. 16b 0.71 +0. 19b 0.65 +0. 14ab

A3 0.57 £0.21ed 0.60 +£0.23cd 0.63 0. 15¢d 0.61 =0. 16¢ 0.59 £0. 15¢

Ad 0.55 +0. 16d 0.58 +0.21d 0.61 +0. 14d 0.59 +0. 13d 0.57 £0. 18d

CK 0.51 0. 15d 0.54 £0. 12d 0.58 +0.21d 0.56 +0. 19d 0.54 0. 16d

e [ —FRR AR R AE 0. 05 K P FREZESR (n=3), T,

2.1.3 VRS AL E i XF 4R b 7 5 KA [A] s 35 2
femM | F /F fE RS0

F/FJRFR PSIIEENE, & F/F, 8
AR, L3 PR, MEA T R
ik, SN F/F 2T S R REAL, 2215k
R, Al HEERMN A F/F, T H AL A

B3 B LB VA IE S5 AR IR it A ) T 345 PSII Y
WRIEIGE, BAET RN AL A3 R IhfEm A
HCRE R AL RCR X B, A M Re R, A
A2, A3 A4 il CK Ab 2 v £ 0 e i B 451 7 38
TR R F /F BEAR, X E—ERE LMl T %
K PS TR AETEYE, BFRIR T YA 1EH

*3 BESUBEREXNFIEEEXTERNBIEEN F/F B0

b B WA FH 0 it 223 M LA

Al 2.49 +0.51a 2.87 £0.75a 3.64 £0.73a 3.54 +0.21a 3.51 £0.28a

A2 2.45 +0.73a 2.67 £0.21ab 3.57 +0. 80ab 3.48 £0.73a 3.47 +0. 66a

A3 2.16 £0. 80cd 2.18 £0. 65¢ 2.56 £0.73cd 2.36 £0. 80b 2.26 £0.51cd

A4 1.96 £0. 83d 2.08 £0.51¢ 2.16 £0.21d 2.04 £0.93b 1.97 £0. 85d

CK 1.85 £0.61d 1.97 0. 93¢ 2.08 +0. 584 1.95 +0. 66b 1.84 +0.73d
2,14 TANES L IERE G R A At 2 o K A 191 2
BB A B2 1 B £z I I N1 VAN 0 NN 5 R 555 [ 273 ]

B2 R, B KR R, a5 ko Hmiod
KRR O A AR B V7 TR, fEnks — %)
WK IR, b2 WR ML & W, 0 Y T fir
LR, RS R, AL a2, £ R e e
A3 A1 A4 GBI O AR s a7 32 6e. < 2 BNTH BNDH AR ERR AT
30.15, 27.31 126,89 CO,mol/(m® - 5), FRA S N HNI [ RED aREIN:7E
RN LA R A I AL > A2 > A3 >4 > LNEH HNPH [N N
CK. Al GbFRAH b B 545 ) T 4E2% T K o - 3¢ SN N HNHE N N
%, RO AR, (R T 2 A B LR NP LN HIH
5, ARIF SRR TR R i Y R
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REM A 2 15 R A
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DBEM A EER (P,) HRNT



HiE S IEEE 2015 (4)

HE -5 Ak AR e it Ak BT B T K I e 78 s R 1y 5 e
T a AR S, et 2 Wk Bl iR, D
WA, TRAES AR R AL BES DO REM LA R R
P AL > A2 > A3 > A4 >CK, Al. A2, A3 Fil A4
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5.62 ¢/(m® « h), TXFHR CK By F ORI 28 i i R
BUEHRS.25 ¢/(m® « h), 25K, & FIHE
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2.1.6  VHIE 5 AL it % AR A6 4 B KA [F) B 391 2
REM Fr AL RS

K4 s, B TORAEFWIMBEST, i<
LS E R T ma RS, 2 v 5
B, Aent 22 R E RO, IR WAL, i
M CO, M AEmE 22 Ik B ok, Jea 1 BE

s, AM TR GG R, AT AL FE) E K
MR AL T AR B, AR TSR
PEAT, AR TAPRLREI R AT, X R e
FOTE A E A,

g O R Eb i [ w2z b

k2204 Clmk240d
0.8
— 07F
N: 0.6 i %
Z 0sF 0 TR i £
[}
5 A
E
O

Al ‘ A2 . A3 .: A4
AR

B4 BESUEEEFRILEERRERNHIEE

MHSFLEE (Cond) HIZIN

2.1.7 RIS A NE FC i % A< A 47 25 KA [ B 301 2
REM 2 A A

T4 R, KM EAREFTH T, KRB
ARG AR AN B, EFKRK T
W, RBEBCARICBERENR, BRI SR 55
80V SRV, 22 WA R RN, TR )2
BCEM A RE s pnk 22 B BRI, BB W
BTt EEEEIRHEIC S ACACRCHE S, FORAE R
JRRJZ BAEALZ B e ARk I AR, AT AR BEER B A
ife, HHREAIt2E R B3, X0 F K5 WA B
AR BB E B

R4 BIESHIBEMEXFRILEFE KA E R HHEL RN (%)
m JRIZEIR FEALIR LR
PAT R Ty 22 4] TR 22 1t I

Al 17.96 +0. 17¢ 2.93 +0.10¢ 2.44+0.31c 3.28 +0.25¢ 12. 41 £0.20¢ 14.58 +0. l4c
A2 18.85 0. 22¢ 3.62 £0.35¢ 2.58 0. 38¢ 3.62 £0.35¢ 13.15 0. 15¢ 16. 84 £0. 24¢
A3 22.41 £0.42b 4.12£0.15b 3.21 +0.41b 5.24 +0.25b 16.73 +0.29h 19.76 +0. 56b
A4 23.17 £0.32a 4.61 £0.32a 3.43£0.51a 5.43 +0.15a 17.76 +0. 38a 19.93 +0. 36a
CK 23.25 £0.34a 5.09 +0. 14a 3.96 +0.08a 5.81 +0.22a 18.96 +0. 16a 21.22 0. 13a

2.2 {HNES A S BCHE X AR AL A K™ ROk R A
Ji B 5
5 R, EH LAIREIE S AL RC i A A T

SEIN R A R 5, AT b BB 7 R T
MARFE, HXF RN T 65.3% , iAEI11 344. 1 kg/
hm® | 2 20 EA AR T K e, £



TiE RS ALR 2015 (4)

Ky AR e R AR PR 2R A R O 2R K PR R BN
RAT KL KL (0.96) > HFF R (0.94) > fEE
(0.90) >FREL (0.88) >k (0.87) > K

(0.83) > FEf7E (0.82) > T-higE (0.78) >
(0.70) >FEATHL (0.62)

x5 BIRESUBEENFRILEERTEMRHBEIERERIHT

Al A2 A3 A4 CK HHIEREL
Wi 275.3 267. 4 230.2 208.5 200. 3 0.87*
Rl 124.3 114.6 91.5 87.4 81.4 0. 82 =
THE 248.0 240.0 200. 0 196. 0 130.0 0.90 ™
[ESN 18.7 17.5 15.6 15.1 14.7 0.83 =
T 5.31 5.16 4.73 5.10 4.48 0.70
HEATHL 13.6 14.5 14.4 15.5 14.3 0. 62
[RR% 34.2 32.2 30.0 27.2 26.6 0.96 *
LT TR 467.6 466. 2 432.8 421.0 401. 4 0.88 *
TRLE 285. 4 278.3 236.2 213.4 201. 1 0.78 =
AR 82.3 81.7 78.2 75. 4 72.3 0.94 ™
s 11 344. 1 11 028.6 10 697. 6 8 689. 8 6 861.8 —

W RN R E (P<0.01), * FoRMEMRE (P<0.05), ¥E (em), FALE (em), HE (g), #EK (om), #H (em), F

K& (g), HHFE (%), P (kg/hm?) .

X6 B, AR ERFFRHE D, Mg
Wi, HIEMZEM R A1 > A2 > A3 > A4 > CK I
e B KEBRMHE, AL BB FRFFRL
SR A R T R R B ML AR ISR

Fo BIESKIEERMESSZRILEE XTI AR

(%)
mhE R NS Lk Sk
Al 10. 4a 4.5a 72.2a 12.5d
A2 9.9a 4. 3a 71.9a 12.3d
A3 9. 4be 3.9bc 70.2b 13. 5¢
Ad 9.2¢ 3.7c 69. 8¢ 14.8b
CK 8. 8¢ 3.2¢ 69. 2¢ 15. 6a

3 g

3.1 BSR4 R B e AR
1) 5% ]

AR S T R, L 25% THIA + B i
75% REZE RAL B, o $E st i PSS eI % (F/
Fy) . PSIDEAL F IR RACR (F/F,) FIZO000%
YERZKL (gP), ¥ PSIEF3CE (@PSI) FiH
T A (ETR), oA TIaeHg R, AFR - o 4
. AR R, BRSO A R

FIRFFE R, THALREME IR Edot A R, e 60 d
S BRE AN R EEAE 17. 8% ~23. 7% 2 18], B4 i B B
K, SA2E, EBERSEEHBRIEMLE, &
SIS AR S UL S5 —E, TEAE: fLIE =80%:
20% WAL, F /F | F/F,. JealE, S8,
7R TR AR A B KA, 43 5 X B i 23 T
15.5% . 38.18% . 11.94% . 25% . 14.92% , 4% &
TEKAEMRDCG BT, AR TAVTER, H
T Fo/Fm 893, BRT PSILAEETE, Hi150PSI
METR &, R TREEM, ek co, ik
I EATE S 2RI K4y, AL SE R R/NE
BovMEZRB R, TIPS E A — e, <
LSRR, WRT Cco, M, ek T ZEBIEN,
HEMEA AR TR
3.2 AN AR AR B HE X AR b A o K L R Y
Al

TREHEP A EM, it 30.0 tv/hm’
Lbg FILt A b AR o 3 0 UE FOKIE ™= B X R
18.57% , F KM, 2 HEIRFIEMH ;K HE A
JEAE AL FE 2> 3R T 1.7, 0.16, 1.24 N4y,
BUAE N7 A5 K FORBFFE T, FH30 ~45 t/hm’ i
#5450 ~ 600 kg/hm® &2 A MEECHE, 7= 5 b I3
T 6.67% ~16.03% , #% PEHFEZ H] 70% 1A
+25% 0 + 5% kIR A 2R 5K 6l 5, MHTE
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K, PR BRI T 17.85% , KESLE R,
HIEEA A& fm EoRmBEME-, A&
SEEHFFR 4SRN, AR FEAE =80% : 20% 5% E
FHEL, P n, AR RES R, DUMIE R &
BB, A1, A2, A3 FI A4 KB3R5 5] b 6 R =
3% . 2.7% . 1% M0.6% ; H5XTIAME, Hillgk
kPR S KB R R, Horh A1 ARER IO &k Bl
12.5% , XTE—E R EA R FARIH X F KL
AL THIES LR TE L, AEAS R B 5 oA
BRICRANG G, et m RS, Ah
;S R I R

3.3 VANES AR RE it 7E R A 7 b B R S

“REFFIRH” | CREFFEAET . CREFFIRA KB
SR TR A G X R BE A% 3k 2] B8 IR A 08 25 R
Mgt R EM R E R AT, HEWRMLESRY
i, FEFFE IRE E B AR (HE, B,
THERNERILE, IFHERASEBDAFEY R
Wb, BORARAE ($REEEEE NPK), WIEWE KR
R AR E RIS, fEEBEY AL RS TR
WEEEMH, BA RGNS, T8, A
SACAEEL R A Bk, D KAg, BRI P
1 ERCR W . B S PRIE ] TS
FEREECE R RT AT, i EL e e R B e, 2 TAE
Yo . W T RS,

32 G773 WU B B e VT b A 1 5
M, H AR IR VA VA AR S TR R o e 2
MR 29 IR VLIV RE AR A BRI R E P DL
JUANT T s — 20 PR 2R3 i 7 T R 34 )R
JEF=A AN, ORI A — R AR
B R IE R A A &, (AR RN,
SRBARTEES MNERE R, EaRE,
EVRMEEA P EMEHREER AR RAE, HE
TR AT it FH B e 2 R AL EL TR & Bk = K 55 h 1 A 48
S BT AT 2R R VT A VE RE R B A A B
R, BT R R R O O A I R ) O S R
S it S ARV SR S R A I 2R R
BARMBEZE, sk iE A R BT K e
Rt e, WFFEEETESE ™ e, b, IEH 5
Ty B HLE] ;BRI R i, MK
B AR ZEA R AR M, 57 TR AR R £ R 55
TR ZR o DA B8 G b S VA SRR IR A 1 5 Al 2B
AHLES G, 4 2 o R e VT A R 3R RO Y
KIE,

4 #ig

BB SR NE A FREC G S A8 238 AR U AR oKk A
HEFE, MR MRS E (SPADE) #5. b
R4 1 FWDCREEALRCR (F /F,) . PSILIETEN
T (F/F), CEEFE (P,), BBEEE (Tr),
SALFE (Cond) ¥, XA FT KA E
YEF Kt KA G RIE 1, TR 5 A5 B it g
A i TR ™= B S B, Herp A1 AZREE (2 000
g TAIE +500 ¢ fLAE) Wl H985, MR LA RCE
L, FPRL R, GAEI T 11 344, 1 kg/hm®, EK
FERE BT AR B 1, RLRE 7 JORE DE # 45 n
[ PFPRCER Bk i R R, XA Ml FARIL X B &
K138 HAOER .
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Effects of combined application of biogas manure and chemical fertilizer on leaf photosynthesis, yield and quality of
spring maize in Northeast of China

Al Jun-guo', MENG Yao’, YU Lin>, GU Wan-rong'*, LI Jing', ZENG Fan-xing', WEI Shi' (1. Agricultural College of
Northeast Agricultural University, Harbin Heilongjiang 150030; 2. Heilongjiang Academy of Land Reclamation Sciences,
Harbin Heilongjiang 150038 )

Abstract: Two-year field plot experiment was carried out to study the photosynthetic characteristics and yield and quality when
biogas manure was jointly applied with chemical fertilizer in Northeast spring maize production of China. Under the control of
total input of nitrogen application, the effects of different proportion of biogas manure and the chemical fertilizer on maize photo-
synthesis, yield and quality were studied. The results showed that suitable proportion of biogas manure and chemical fertilizer
in soil could improve maize leaf photosynthetic characteristics, and increase leaf chlorophyll content (SPAD value), transfor-
mation of primary energy efficiency of PSII optical system (F,/F, ), the potential activity of PSII (F, /F,), photosynthetic
rate (P,), transpiration rate (Tr), stomatal conductance (Cond) and photosynthetic rate. The treatment of A1 (2 000 g
biogas manure +500 g chemical fertilizer) showed the best performance on grain yield, which was as high as 11 344. 1 kg/
hm*. The trend of yield among the treatments showed as follows: Al > A2 > A3 > A4 >CK. At the same time, the quality in-
dex of crude protein, crude fat and crude corn starch grain was obviously improved. The water content of grain decreased,
which was beneficial to the harvest period of spring maize in Northeast China.

Key words: biogas fertilizer ; chemical fertilizers ; maize ; photosynthetic physiology ; yield ; quality
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