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Effects of Nitrogen Fertilizer Reduction Combined with Biochar on Photosynth-
etic Characteristics and Yield of Maize Soybean Intercropping System Under
Drip Irrigation
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Abstract: To study the effects of nitrogen fertilizer reduction combined with biochar on photosynthetic characteristics and yield
of maize and soybean intercropping populations, we used the orthogonal experimental design method to test the three factors of
different planting patterns ( maize mono-cropping Y, soybean mono-cropping D, maize and soybean intercropping J) , biochar
(2,4 and 6 t-ha™") and nitrogen reduction (165,210 and 255 kg-ha™'). To explore the appropriate amount of nitrogen
reduction combined with biochar in different planting patterns. The results showed that the appropriate amount of nitrogen
fertilizer was 210 and 255 kg -ha™', respectively, and the amount of biochar was 4 t-ha™" in both mono-cropping and

1

intercropping modes. The yield of intercropping system reached 13 395 kg+ha™ , which was 20. 13% lower than that of mono-
cropping maize, and the yield of intercropping maize and soybean was 35.69% and 56.39% lower than that of mono-cropping
maize, respectively. The low number of effective plants was the main reason for the decrease of intercropping maize yield. The
reasonable control of plant number per unit area and seed number per plant is the key factor to determine the yield of
intercropping soybean. The Pn of IN3C2 ( nitrogen fertilizer 225 kg +hm > and biochar 4 t-hm™) corn in intercropping
treatment continued to increase from the opening stage to the filling stage and reached the peak value at the filling stage, and
the Pn of soybean continued to increase from the flowering stage through the podding stage to the drumming stage and reached
the peak value at the drumming stage, showing a significant photosynthetic advantage compared with other treatments, and
soybean showed a significant marginal advantage at the podding stage and the drumming stage. In conclusion, under drip
irrigation, nitrogen reduction combined with biochar application, the optimal nitrogen dosage of maize was 210 and 255
kg-ha™' and biochar was 4 t-ha™", respectively.
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Table 1 Statistical table of orthogonal design and field fertilizer amount
A IR (R ) B HZE (AML) CHZE(AEWw) Qb H S
A Factor (planting pattern ) B Factor( nitrogen fertilizer) / (kg-hm ~2) C Factor( biochar)/(t-hm~2) Processing number

FARRAECL)

165(1) 2(1) MN1C1
Maize monoculture (1)
FARFAECT)

210(2) 4(2) MN2C2
Maize monoculture (1)
FARFAECL)

255(3) 6(3) MN3C3
Maize monoculture (1)
KEHAE(2)

165(1) 4(2) SN1C2
Soybean monoculture (2)
KREHME2)

210(2) 6(3) SN2C3
Soybean monoculture (2)
KELHAE(2)

255(3) 2(1) SN3C1
Soybean monoculture (2)
[FE(3)

165(1) 6(3) INIC3
Intercropping (3)
E(3)

210(2) 2(1) IN2C1
Intercropping (3)
[FE(3)

255(3) 4(2) IN3C2
Intercropping (3)

1.4 MEmMBRAZE
2 HRG5HMm

FEARMWOHI(VI2) 223 (R1) FIfE 3K
BI(R2) , RERYIRAEH (RL) IR &8 (R3) FUG kL
WI(RS), W FHAE 5 OO0 & 28 60 i R 4 (GFS-
3000) Fi1 SPAD % A 43 51 2 St 4R 48 br 25
R Tr SILF B Gs JEH AR P BT CO, HREE
Ci SPAD fH XM R A&, FoK VI2 W, AT ma bk
BB IOHT I R UIFN R3 336 2 Bl 7 -0 22 '
AR ERZR SPAD BRI & S i R K
AT AR AT R B IO Y = B a3 S
AN, RN KA A% oK 5 K [ B

77 AN X BT Sk 7 28 L 3 55 (Y
TR TR ROREE, KA i A bR, P AT v 4% i
SRS FRISGR , TR BT 5 25 Bl | 2 R0 Aok 45
Je A EB AL, I R A E RN K I SRR
i TR 14% SRR, VR R G IR
M SEIEATIN ™ B m KA vE , U PR A
PR 258 2, KT e I Sy i A i, R T
B 12% FK R PR,

1.5 HIESW

K H] Excel 2017 #7484 % 3, H] DPS 10.0 4k

PEEAT R Ty 25 2 5 Lo T

2.1 XAREMERN TEY =2 N

W 2 AR, 3 AR 280 P2 5 1 52 i 7 Ol A
PR > A=W ok > AIEW R, 9 AL B MN2C2
PR, KR MN3C3, —E 2R AR E R
WI3KE] 16 770 #1116 080 kg-hm >, TR J& MNICI ,
HEME IN3C2 25 AR &, AR E s T HeL
L, AT & KO a4 E (KL L K25 A
K3j) R 13X —7K P = i 152, A BRIZR Y 3 47K
SFHPER PR 2R B S — K (15 502 kg-hm ?)
S HR S =K (11 125 kg-hm ™) B N E 146
K11 085 kg+hm ™) 555 =K (10 857 kg+hm ™)
ZERARBE, BEETHE—KF(9 495 kg-hm ™),
C HZE 3K ik 8 B E 22 5, 58 0K
(11 840 kg-hm ) W 5 T — | =K (9 080
110 517 kg-hm ™) | HIL, IR N A B Al C
R — K, B MN2C2 A #1050 8508 i
I X 7 AR B8 2 R 2 B oK A AR 5 A= 9 o
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Table 2 Orthogonal analysis of effects of nitrogen reduction combined with biochar

on yield of different intercropping modes

e A IR (R ) B HZE (AL) CHZE(AEMmw) —
A Factor B Factor C Factor
Processing (kg+hm~2)
(planting pattern) (nitrogen fertilizer) / (kg+hm ~2) (biochar) /(t+hm %)

MN1C1 FRIAE(D) 165(1) 2(1) 13650 b

MN2C2 FEARAECD) 210(2) 4(2) 16770 a

MN3C3 FARHBAED) 255(3) 6(3) 16080 a

SN1C2 KGHAE(2) 165(1) 4(2) 5355 e

SN2C3 KEHME2) 210(2) 6(3) 5985 e

SN3C1 KGHAE(2) 255(3) 2(1) 3090 f

IN1C3 [E]fE(3) 165(1) 6(3) 9480 d

IN2C1 BIE(3) 210(2) 2(1) 10500 ¢

IN3C2 el (3) 255(3) 4(2) 13395 b

Kl 46505 28485 27240

K2 14430 33255 35520

K3 33375 32570 31550

Kl1j 15502 a 9495 b 9080 ¢

K2j 4810 ¢ 11085 a 11840 a

K3j 11125 b 10857 a 10517 b

R 10692 1362 2760

FAITZE Optimal scheme 1 2 2

T AFRVNE FRERRTE P <0.05 KFZE5 WMk, K1j K2j Fl K3j 350 45 KP4k 9 F 316

Note; Different lowercase indicate significant differences at the P <0.05 level. K1j, K2j and K3j were the average yield of each level.

2.2 MARMEEXIEYFEHREZHEMN
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PAMEE K MN2C2 R 20. 13% |, [A]1E F K P i 2
PR 2 N R, b o 7 i ) AR Ab BEOIN3C2
(10 785 kg-hm ) FZHAAE MN2C2 7= (16 770 kg -hm ™)
TFE35.69% . M= ER KR F  RIVE KA &bk
R AE T B, Hodr (] 4 IN3C2 f5e i, B e i 7=
THEAVERL T MN2C2 R I 40. 55% | T — & Rk % T

B F KR 22 YR W R, A ROk B e 5
S FORE A= N R E R, R RS
FrR BRI R B, R R T R ) A B IN3C2
(2 610 kg-hm ) BEAME SN2C3 (5 985 kg-hm ) 4
TR 56.39% , % T R 69. 01% , LR KL AL 12
41. 67% EEIAWEALFE IN2C1 255 N 11.76% |, PAkfoki
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Table 3 Yield components of maize and soybean under nitrogen reduction combined with biochar in different planting patterns

K Maize K. Soybean
FHRHRE AR
LilliEr Sz ThiE Foki 73 TRE Sk
) Kb Effective Kernel e AP kg A
Planting 1000 Water Plants 100- Water
Treatment  plant number yield/  Treatment Seed Yield/
pattern grain content number/ seed  content/
number/ per (kg+hm2) number (kg+hm~?)
weight/g /% (#k-hm~2) weigh/g %
(#+hm~2) spike

AR MNICI 4289 b 598 ¢ 406.67 b 24.97 b 13650 b SNI1C2 14001 a 112 21.63 7.6 5355 b
Monoculture
iR (e MN2C2 4908 a 620 bc 416.33 ab  24.10 be 16770 a SN2C3 14667 a 120 21.54 7.5 5985 a
Monoculture
HpE MN3C3 3882 ¢ 758 a  413.00 ab 22.87 ¢ 10680 a SN3Cl 14667 a 70 19.13 7.6 3090 ¢
Monoculture
[A]4E INIC3  2775de 534d 431.50 ab 27.00 a 8145 d INIC3 5152 b 87 19.02 7.7 1335
Intercropping
] IN2C1 2669 e 554d  435.00 a 25.00 b 8415 d IN2C1 5152 b 108 23.73 7.6 2085 e
Intercropping
] 4 IN3C2 2918 d 642 b  430.00 ab 23.23 ¢ 10785 ¢ IN3C2 4546 b 170 21.36 7.5 2610 d
Intercropping

L AFRVNG FAERIRLE P <0.05 KE2 505,

Note; Different lowercase indicate significant differences at the P <0.05 level.

2.3 MNAEMBEEKXIEY SPAD EFIERSEMN
A

RN 45 G 2 W ok VR 5 /R oKk SPAD

SO B ST AR 4 Fvas | BV AT TR T K K L
HIPI(V12) 2= (R2) SPAD {H FI 5 18
TR, VI2 15 R, RIE IN2C1 5 3 S HAEAL
PSRN B8 ST INIC3 fil IN3C2, 5
R2 3 AR PR, 2 3 = TR R AR 3

x4 RIEREBESEYRIAEENXEARK SPAD EFRSE

HM V12 H15] R2 ¥ SPAD {i 43 %1 F F%& 30. 49% .
30.83% 27.59% ,3 MEVEALHL 5351 T B 43.97% |
44.24% F124.90% ,IN3C2 | FEIRE e/, R RS
HOHTRW, R VI2 RS =] R2 I BREAR,
55 SPAD {HRIAH R AR, 3 AN BRI K
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Table 4 Effects of nitrogen reduction combined with biochar on SPAD value and

nitrogen content of maize in different models

Fif it SPAD fH Ao
B
Plant SPAD value Nitrogen content/(mg-g~")
Treatment
mode V12 R1 R2 V12 R1 1 R2 1
MNIC1 120.90 abAB 86.8 aA 84.04 aAB 46.96 aAB 33.61 aA 31.02 aAB
FAfE Monoculture MN2C2 123.40 aA 89.2 aA 85.36 aAB 47.96 aA 34.51 aA 33.42 aAB
MN3C3 120.06 abAB 86.5 aA 86.94 aA 46.64 aAB 33.53 aA 34.83 aA
IN1C3 114.88 bB 78.56 bB 64.34 bB 44.58 bB 27.50 bB 24.76 bB
[A14E Intercropping IN2C1 119.80 abAB 88.31 aA 66.80 bB 46.52 aAB 35.08 aA 25.72 bB
IN3C2 85.46 cC 84.74 abAB 64.18 bB 32.66 cC 33.91 aAB 24.71 bB

0 A KNG FRE IR RTE P < 0.01 Il P < 0.05 /K- 5 BEM,

Note: Different lowercase indicate significant differences at the P < 0.01 and P < 0.05 level.
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IN2C1 53 MHfEABER AR S WEERT
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1 WA PR RIS T L e AR B, B (E LT

Heah s, HIel, 3 A HELAHE 5 B AE SNIC2,
SN3C1 225 2 (0 3 1 T 54 SN2C3, B4R hr
9, Al IN3C2 584 SN1C2 SN2C3 27 AR E, B
ERTH e, R m e R 5 i, H Rl
FEAAXTZZ 18, DG S 301 3] b b 391 20 531 B3 28. 329%
8.12% il 4. 45% , M\ 4 46 W1 2] 1h i 1 43 501 K B
19. 64% 49.40% £ 53.65% , H:H1 IN3C2 M4 FE %
SRR AR B BN, B FR 2218, T RE A 255 kg-hm 2
NEZE A 4 t-hm “HCE, HELE T 4R R R

x5 RERELEALEYRMNIAEERXNKE SPAD EFRSEMHI

Table 5 Effects of nitrogen reduction combined with biochar on SPAD value and nitrogen

content of soybean in different models

PR AR b3 SPAD {& SPAD value A Nitrogen content/ (mg-g~!)

Plant mode Treatment IRAEd R RIEH) R3 R RS IRAEH] R 534 R3 BRI RS

SN1C2 109.24 a 79.06 ab 73.12 a 42.32 a 30.56 ab 28.10 a

Moiium SN2C3 108.54 a 73.78 b 70.64 ab 42.10 a 28.48 b 27.01 ab
SN3Cl1 115.58 a 80.22 a 64.22 be 44.90 a 31.02 a 24.74 be

IN1C3 11T 116.00 a 81.76 a 58.46 cd 45.04 a 31.60 a 22.46 cd

IN1C3 147 112.16 a 80.00 a 54.82 d 43.54 a 30.92 a 21.04 d
Al IN2C1 3#AT 108.20 a 84.10 a 63.04 be 41.94 a 32.52 a 24.24 bed
Intercropping IN2C1 Hi£F 104.22 a 84.90 a 63.16 be 40.42 a 32.84 a 23.92 bed
IN3C2 #4117 75.38 b 83.72 a 65.72 abc 29.10 b 32.78 a 25.32 abe
IN3C2 1T 81.84 b 84.92 a 65.70 abc 31.60 b 32.84 a 25.32 abc

W A NE FREFRIRLE P <0.05 KV 22 5 3,

Note; Different lowercase indicate significant differences at theP <0.05 level.

MR A/ S SPAD HAR L MUEE AT, HRAE
B, BE INIC3 (IN2C1 5 3 MR AR E 3
25 T IN3C2, IN3C2 25 0 W (L H B A J) s v
Ja FHEAM, TRy B[, H3E1,3 N0
fE5BA/E SN1C2 FISN3Cl 2R AN E R EST
PAME SN2C3,INI1C3 \IN2C1 SN1C2 F1 SN3C1 A4
HAZ 45 2 1 43 9 LA 29. 84% . 28. 98% 27. 79% Fil
30. 88% [KIR B AR, 11 IN3C2 T I st ) 38 2 e
FHRi  SN1C2 SN2C3 1 IN3C2 (R A R
e, UG AE I ) 4G ok B9 4 B R B 33, 60% |
35.87% f116.57% ,IN3C2 FRERZENE , X H| THEK
MG A TR, B IR IR
2.4 XARREMEEIEYLESHFENZNE

RV & 25 A A= W o 6 B4 5 T BoROB &
FEEERYZ R AT N2 6 s, £ Ab B3R ) P AR A0AF
TE—EZ2 5 AL PRIE] HEA , MN1CL Al MN3C3 7E A
WU I (V12) BIGARI0EAE  (HIE(ERAR, (h 9. 86 I

7.46 pmol em s BEMR T HE AR, A RRLE
T, Pn I 2B AR, BIHE R (R2) UM 2. 65 I
1.04 pmol sm 2 +s ™" A FIRARAK T B MN2C2 5[]
Y IN1C3 7Ert 2231 (R1) S5 BNUEAE, 435118 26. 36 &
22.91 pmol-m s~ WEALTF IN3C2, ZJ5 SR T FE,
FIFERWI(R2) AN 4.07 2 4.73 wmol »m > +s ™' i
FARTEIVE IN3C2 5 IN2CT ;T a7 IN3C2 5 IN2C1
ALK T (32.98 & 16. 87 wmol -m 2 -5~ ") F|
WM (R2) FREe T, AEHE SR (R2) ik B0EAE, 73 51
J955.02 F% 34.10 pmol-m 25" B Em T H & A
B, DAL br 3B, #5 A0 B v (R FEAL B IN3C2 5
IN2C1 fEAE B G B RR 05 DR 15 5 DL A R & Th
RE HLRRE , URSS At AR e, B R F ok
PR DR R 8 8 OG5 RE T o TRIE oK i R 34
ETAREIDLE Diefe B, AR SAAVELEHT I
TR AR, BE FRMOEE TR K B
FoE B 1 D RET R R 1) R



338 K = B % 31

Fo REBEHEGEVMRITEEXERESFHENRIT

Table 6 Effects of nitrogen reduction combined with biochar on photosynthetic characteristics of maize in different models

MEER m PN (UN=F IRy nt 221 R1 HEAIY R2

Plant

mode | Teatment Gs P Ci Tr Gs P Ci Tr Gs P Ci
HfE MNICI  3.21d 101.13f 9.86e 253.79b 3.04d 126.72e 7.66e 295.54h 2.82d 136.86c 2.65d 380.65a

Monoculture MN2C2  8.33 a 317.64a 13.30d 336.95a 6.65b 320.47 ¢ 26.36 b 248.92c¢ 7.06b 440.24b 4.07 c¢d 394.83 a

MN3C3 5.98b 242.58 ¢ 7.46f 349.82a 2.79d 138.77e¢ 5.35f 321.55a 2.45e 132.10c 1.04e 409.98 a
[A]7E IN1C3 4.79 ¢ 195.32d 21.55b 217.32¢ 4.6l c¢ 225.21d 22.91d 213.22d 1.26f 67.42d 4.73¢ 325.76b
Intercropping IN2C1 3.31d 146.35¢ 16.87 ¢ 21591 ¢ 8.38a 403.70 a 24.49 ¢ 302.06 b 6.20c 422.76b 34.10b 266.73 ¢

IN3C2  4.59 ¢ 300.18 b 32.98 a 226.30c 6.94b 354.23b 35.77a 208.94d 7.55a 557.25a 55.02a 235.06d

0 ARFVNE FEEFERIE P <0.05 /K255 0 26,

Note: Different lowercase indicate significant differences at theP <0.05 level.

XFIRIE 20 3880 R G AT R AT e A e
HEATAMTEE R ANZE 7 FER | TR —ai e, su AT AR AT
POCERREREIR R —E 22 57 . POWS AL Pn A7
feia  (AAE SN3CT 78 4f 46 01 Bl 35 31 06 (8, 144
B, B T SN1C2 i SN2C3 Ab¥ | 2 J5 4t T
W, BRI A 2. 55 pmol »m 2 +s ™", b T Ak /K
- B SN1C2 S [RIfE IN1C3  IN2C1 7 AT
IPE 4 JE 3 3k B0 AE, 43 0 A 31.71,3.96,5.08,
3.22 F16.75 pmol -+ m ™2 -5~ H i/ SN1C2 B
o, W T HE AN, 2 5 B R A BT [
6.65% ,735h 4 DA IRTE MG IE M 2 J5 20T [, B a6

BUIRER S, KT A/ IN3C2; i fal fE IN3C2 4b
BRATHA TR AT AR AE 3] 28 D7 UR 301 ) d s 301 -
T IR FE(E 43514 52.42 F1120.51 pmol +m s ™",
WE T H AN, H 705 3¢ 1 R b e 1 2 90 3
HBREF, LA b BB, & AL B rh ) 1] b 3
IN3C2 TEAF 5 W RE 8 IR 45 = O & 3%, B & 1)
pe K HARE . WAL Gt AE Y B, [ 4E IN3C2
P RIS & AR W st FH A R T K O AR bR 0 O
BErpotane s, BERGHIEARETAEFEM
A Yraete e I, AR BRI R AL, 0
B J5 WA VR R SO A DR K HoAS 8 J2& B 1k T

REM A LGB
®7 RIEREZSEVRIAREXXZ RSN

Table 7 Effects of nitrogen fertilizer reduction combined with biochar on photosynthetic

B AN 2.47,1.69,1.57,3.60 pmol +m > -s™"

characteristics of different models of soybean

AR b3 IEAER R1 A3 R3 TR RS
Plant mode  Treatment Tr Gs Pn Ci Tr Gs Pn Ci Tr Gs Pn Ci
Pl SN1C2 5.03f 320.24e 18.37b 277.22d 13.52a 1099.77a 31.71a 321.06 ¢ 13.87a 921.96a 29.60c 347.02d
Monoculture SN2C3 8.35e 398.94d 19.10a 324.42c¢ 14.00a 1071.01 a 32.22a 318.39c 11.00b 937.27a 34.27b 319.00 e
SN3Cl  13.01 a 738.66a 17.58 ¢ 360.18 b 7.20d 395.67 ¢ 16.47b 309.15c¢ 2.29f 110.84 e 2.55ef 364.81 cd
&) fE INIC3 31T 9.44 ¢ 468.34c 1.86e 402.03a 8.56c¢ 506.18c 3.96e 370.82b 1.71h 94.07e 2.47 ef 364.22 cd

Intercropping IN1C3 17 9.51 ¢ 485.90c¢ 1.28¢ 406.31a 9.74b 628.81b 5.08d 367.68b 2.05g 114.75e¢ 1.69fg 381.85 be
IN2C1 #5117 8.96d 459.45c¢ 0.52f 403.92a 8.46c 467.02d 3.22e 412.86a 7.35d 556.54c 1.57g 416.96 a
IN2C1 17 10.88 b 643.80b 1.65e 400.07a 8.54c 507.04c 6.75c¢c 402.55a 4.80e 326.72d 3.60e 39.19b
IN3C2 #5117 3.50 ¢ 185.89 ¢ 0.36f 416.76a 7.27d 403.69e 6.24c 364.62b 7.51d 533.11c¢ 52.42a 233.55f

IN3C2 P17 4.72f 280.02f 3.25d 399.61a 59le 302.23f 5.16d 360.67b 8.14c 591.86b 20.51d 356.29 d

TEARVNE FREFRIRTE P <0.05 KF 25 B3,

Note: Different lowercase indicate significant differences at the P <0.05 level.
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