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Effect of Water-saving Irrigation and Nitrogen Reduction Combined with
Biochar Application on Photosynthetic Characteristics and Water and
Nitrogen Utilization of Rice

ZHANG Zuohe ZHOU Lijun LI Haoyu KONG Fandan LU Xianglong
(College of Agriculture and Hydraulic Engineering, Suihua University, Suthua 152061, China)

Abstract ;: To elucidate the effects of water-saving irrigation and nitrogen reduction combined with biochar
application on the photosynthetic characteristics and water and nitrogen utilization of rice, a combination
of field trials test and microzone test was used. "N tracing technology was applied, with BON1 ( no
biochar application + conventional nitrogen application level ) as the control. BIN2 (10% nitrogen
reduction + 12. 5 t/hm’ biochar) , B2N2 (10% nitrogen reduction + 25 t/hm® biochar) , BIN3 (20%
nitrogen reduction + 12. 5 t/hm” biochar) , B2N3 (20% nitrogen reduction + 25 t/hm” biochar) , B1N4
(30% nitrogen reduction + 12.5 t/hm’ biochar) and B2N4 (30% nitrogen reduction + 25 t/hm’
biochar) were set up, the photosynthetic characteristic parameters of rice plant leaves, as well as dry
matter accumulation and water consumption processes, were observed, and the relationship between
photosynthetic characteristic parameters and WUE, NUE, amount of dry matter, and yield was
established. The results showed that under water-saving irrigation, appropriate nitrogen reduction

combined with biochar application can increase leaf area index (LAI) , chlorophyll content (SPAD) , net
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photosynthetic rate ( P, ), stomatal conductance ( G,), and transpiration rate (T, ), while reducing
stomatal limitation values (L,). Excessive reduction of nitrogen fertilizer or application of biochar would
increase L , decrease LAI, SPAD, P, G, , and T,. Compared with BON1 treatment, BIN2 treatment
increased the total accumulation of dry matter in plants by 14. 79% , while B2N4 treatment decreased that
by 16.02% . The NUE, yield, and WUE of rice treated with BIN2 were significantly higher than those
treated with BON1 (P <0.05), with increases of 12.92% , 9.95% , and 12.58% , respectively. The
NUE, yield, and WUE of rice treated with B2N4 was significantly lower than that of BON1 (P <0.05),
with decreases of 22. 87% , 18.20% , and 5. 66% , respectively; WUE and photosynthetic characteristic
parameters (except LAI — tillering stage, SPAD, T, — grouting stage) were significantly or extremely
significantly positively correlated, and were significantly negatively correlated with L (P <0.01). NUE,
amount of dry matter, yield, and photosynthetic characteristic parameters ( except LAI — tillering stage,
SPAD - tillering stage, T, — grouting stage ) were significantly or extremely significantly positively
Overall, BIN2

treatment was the most optimal, which meant reducing the application of 10% nitrogen fertilizer and

correlated, and significantly or extremely significantly negatively correlated with L .

apply 12.5 t/hm’ of biochar under water-saving irrigation was beneficial for improving water and nitrogen
utilization efficiency and yield. The research results can provide theoretical basis and technical support

for the application of water-saving irrigation with nitrogen reduction and biochar application in cold and

black soil paddy fields.
Key words; paddy fields;

water-saving

irrigation ;

nitrogen reduction; biochar; photosynthetic

characteristics ; isotope tracing technology

0 3

e PN S N OF Rl e oK
FAOSTAT i, v [ 7K e b 17 AL 240 ol {1 5 i 1 AR
() 18% , /KA i 24 o5 TSR B ik i 27 % ) o T
A F [ K R iR 0 RS BT, L 2020 4F 3k [ /K
S Rl AR 1T AR B 5 3 % 107 hm®, B IR F) 2. 12 x
10° 127 AR 77 fik Aty o 8 K 8 AN T v ik A 2 R
BEA SR 05t R R 45 PHE I 2 S 35 008 )
HREART B U 2 ) - U, v
JBE A LT AE T Rl R O N8 T L R
EE - VTR SR ERR 819 %N GRAS X & |
T AR I 5 7 T TR R FE A sl 7 i 52 8 I
T E A K T 0 B ES BER G

A 1 S5 KRS T TR B R R A
PIMBERS Wb a R (P,) RILRE(G6,)
T A (T,) 45 S A AR WO A I B A5 4R .
ARG R W], KRG 1 80% 3k | H A8 G i HOt 4
[ £k 7 By, 7K R 2 R A R 5 S P, A
S R, 56 TR A K 2 W ia XK AR DO A
ERB R A KRR, ks pr
e B, L A S G e R T L KA
MR PG, T 34 it 22 38 K R K 43 5 e 1
U KRS G IR, MEAREHASFRARE
ZEEN R LI 2 WA R AR G s R
T A 0 R R D R 7 e AR gy kR
SR WA RS BRI RO A 1, K 23 3 i s AR
i A A i N T & 9 S LA A U

il

P AT, AR FOEA AT . sesh, i 2k 4%
B L RE SR mOL AT M RNR R 7S A E s
AR KRS AR R AR I T L
P K R 2R T AR P, 10 3R B O &
FURE 65, 8 3F T 9 I B 3R MG 32, 18 n K &g
T I S R D) 3 e A A G Ak B R
AR st P, RS RS E AR R
S T SR RS i T L 3 B A K 4 T
30 (1 KR E ) R A D8t X o R 2 IE R R Y
FEURRAE T © 0 UE S, i A 49 o it P 4 i 78 A+ 4
KRB G IR o DRI, F JR 1 /K TG U
UL it 24 1 e o D' A A FH R ORI FH S5 0 5 T i 9
JEH b,

AR S A K VE IR Jiti i 110 kg/hm® %010 &b BELAE A
it B N 7 B R R 00 I K R A BRI R A
PESEL, I RALBR I (L) 5 W20 stk fE T4
R R FE KRR IF d L A R S S K 4 R
AR (WUE) (EAE R F 26 (NUE) T 9 it &
Jep= i 2Z 18] 1 06 Z/, DL Sk 7 oK IE s L B it 2B
Wy I A € M D R FH Y 0L R 4 4 R R A B RN HE R
W

1 HE5TE

L1 HBRER

B0 T 2020 4F 5—9 1 46 B % [ MW 46
S (46°57 /28N, 127°40"45"E ) JILAT o 03 {2 11
T T A8 AT PR 22 B 22 B A7 T, SR M0 ) 9
kKRR BB, 30 T 5 = LR A L 24 73T



388 &l #Hl

L

2024 4

i 2. 9°C -2 H AR % 2 600 h, 2 4F 7 By [ K i
560 mm , Z A 25K T 78 & i 750 mm, AR B K $A
KM 156 ~ 171 do IR AFAS T A= < 300 I M T A
fEanE 1 Fis o

12020 @/J@aikﬁﬂm/ IR H AR

Fig. 1 Daily variations of air temperature and

precipitation in 2020
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Fig.2 Water management in different growth stages of shallow wet dry irrigation model

F1 HE/MXREEIEZIT
Tab.1 Treatment design of field plot experiment

EX7P 4 VAR ¥-% ¥4
(t+hm~?) (kg-hm_z)

Ak B

BONT (¥ 3 1 9 W At JH B Wy e

Bt A ) ’ "
BIN2 (#3089 E .5 45 7% 1 25 9 ¢ iE 12.5 99
LA 10% )

B2N2 (V1 T 3 10 45 H5 A7 4 4 5% 250 99
A A 10% )

BIN3 (798 T #EBE |5 4F F% FF 28 B 5¢ 38 12.5 88
A 20% )

B2N3 (7RI T HE 10 AEREFF AR 38
# KA 20% )

BINA (VR T 5 AR AT R sk 71
M A 30% )

B2NA (I 78 10 B REAF L B 77

ik B 30% )

K HBEAL X LHED o S FF A= P o 7E 15— 4F K R ik
JaREA KA e AT RHE LR, FIREH
A1 R LA BENE REATHE 5120 3400, AN E I
ZH 3 ~5 d Wt BE AR AN AR AR AE H i G K 2 5K 2
TR MG s K, O i A 80 kg/hm”, 35 JIE | Foll JIE 4
1: wﬁﬁ ;PO Jifi At 45 kg/hm® |, /E kg 3 B — Y Vit

o BB NERE IR R (N it 5341 46. 4% ) 3
Ea%fﬁ(P O it 7 48 12% ) B BR B0 (K, O Jix i 4 41
52% ), e R S PRAE B it A . 5 A 8 H it 3
HE,6 H 6 HIGEENE,7 A 12 HiE AR, /KA I 2k
T i FH (] A5 B, 2 HOR T R

TER B /N X A BEE N 7R B X, AR R /)
X BE 1AM, B R — 2 3R 8 3 A4
LhEE . M1 M2 M3, 43 AbEE 1 S 43 3 BB Jiti ' N-JR



%73

R EENE AR AL i R AR iC Ol PR & A Ab B 2
ACBE A e 1 N-FR 2, 5 A 0 R AT e R b 3 0 3
i PR 24 A TR 3 Sk R it N-JR K S AR A B
JE it B A A 10 3538 PR R o AR FH RS M S S BDAE RS
NK NP 2.0 m x2.0 m x0. 5 m [ TG 40 b B
HE 5 B3 X R 30 em BRI JZ T, it AL T #0F
FEBE R R R 10.22% (O N FRiCIR £, R E 5t
B /NIRRT o B IX PN 15 B HEE R G, KRS b R
W ERL s AR it FH e O K 7 205 BT R
I/ AR TR
1.4 HRXESWE

KA 3 B AR T 0T Al R A R R A A5 X
DB 6 7K B [ i A B, 45 K x 58 R BRI
i AR (12 IE R 8K 0. 83) , /INX P T A S £ i T AR
5/NX A H i AR 2 b B Sk i T R R B (LAT)

JKAE 53 BERA AR 0l R A0 R S 4 b B AR
PRIt R i) SPAD JInt £ R A (SPAD — 520 A1) il 2 ,
AR A At AEF R RN E, 5
— M FE 09:00—11:00 47, HA/NXEER 5 HH
AT KE R, kbR 2 b A, B
SR I 5 TE e HUE TEA G K N SRR R
4f, R 22 8] TG AH O B R — 3. ik A i
LS TS Tl e il RV @15 8

e JHAE 2 LA A (LT — 6400XT %I, 35 [ ) I 5
5 A K AR AR I RO A R S 8, AR O A
(P, RALFEE(G,) ZEBHOR(T,) M CO, %k
JE(C,) RS COREE(C,) 5o PR UE DI o 25 R 1Y
WEBR M, &5 25 B 0 (o BE 0T T 09l A o
) e BRI KM, —METE 09:00—11:00 #E47

S FL BRI E L, AN
L = €. 1

TE 53 BES B 30 Al A0TSR I
AR HUK RS AR 3 AR 025 A B TR . A%
AN BEAILIE I 6 7T, vk T 1 I K 7K R AR B M | R
Sy AR ZEEE 3 BB, o3 R AR AR A n] S
B a A AR TR AT 105°C R 30 min, SRS
P42 80°C T 2 o i e, FH L KF- (K52 0.01 g)
PR B T Ui o FRE TR RE b /N T 3K by
WERLIEAT By %, 3 80 H i J5 R & 1850, BE AL AKE i
Rerh B EHRAT

Rt A ) A7 28 M 7E AR L ARl R4 Rk R A R AR
M 7K B 5 s ROR) S 0 8 I, 8 B R A Y
R b 1] 52 56 2, 8 G [ 7 R BT % {X ( DELTA V
Advantage , 35 [E ) 1 JC 2 43 #7{L ( Flash 2000 HT %Y,
SE ) I A i 0 A Y K R R R A RO N

HAE A 2 VI LRS00 R KRR K A e 15 K OB 9 389
(), O 2 B SCHk [ 13 ] 3 530 0 bk W i i I RS N
583

SR A 2 (NUE) 353 ok

PF‘V
NUE == x 100% (2)

EavE el PF,s\s—7FEH§HE*erSN ,'éxﬂl'(q&i,kg/hmz
N,—— A& HE it A &, kg/hm’
K3 R (WUE) 3150
Y
ETtmaI (3)

A Y KRG 7=, 7R R A AL BB AL ik
2 m® KA HEAT I kg/ hm?
ET,,— K4 F WLEAFEKE, mm

1.5 H\Hit+

FIH Amos 26. 0 ) Graphics 5 B f4) 2t 25 #4) J7 F2
BERY, BEAT Z-score Fp E AL AL B, IF FR i B8 12 R 4
K WPS 2019 SPSS 73 #r Fl 4k B84, Fl Duncan
HEAT A B0 ) £ 8 %, il WPS 2019 F1 Origin 8.0
BAEER .,

WUE =

2 HBRE5HH
2.1 FKEBRBREREEWRXMHF SPAD B
A

B3 (A [l /NG 5B 3R R Ab PR (A 22 5 b 3
(P <0.05), FF) AKFEs £ 7 Wit SPAD, A A
AR SPAD FEHE AN A F 109 A8 Ak R SO
6], B8 V7 FIE, B ARl B0 3k 3 e KA. 77 B
199, vt 0N it A= 4 oAb B - SPAD % BON1
REPRREAR 1.79% ~ 11.01% ; $5 15 1, BIN2 . B2N2 |
BIN3 b # i B SPAD % BON1 b H 4y 31 48 &
3.19% . 1.37% . 1. 42% , H: fil 4b B2 it F- SPAD %5
BON1 Ab H A% 0.63% ~ 5.06% ; Hil F #H, BIN2 |
BIN3 4b ¥ i B SPAD #: BON1 4b ¥ 4> 51 2 &5
3.20% .0.28% , Hifth 4b B0 - SPAD %% BON1 &b 3
BEAR 2.72% ~ 6.97% ; ¥E %% 1, BIN2 4b B 0 J

WO R
350

K3 KA H WM R SPAD
Fig.3 Leaf SPAD at different growth stages of rice



390 &l #Hl

L

2024 4

SPAD #; BON1 kb ¥ 2 & 2.52% , H fth kb 3 0 5
SPAD % BON1 4 FHREAR 1.30% ~8.42% , WF5R 4,
T BRArBERA AN VA 10% KU Jit 12. 5 t/hm’ A= 4
AT LASRE 5 i SPAD i 2 2 v it 2600 e i A= )
oz AL R SPAD, Hi v B2N4 4b 3R S i B 125
BRIBCE 30% A1, 75 A8 [5) 98 K SF T, 2R W o it ] &
i 12.5 ¢vhm B %] 25 «/hm’, SPAD /)N,
2.2 HAKEBREEEEVRTAGHESHYN

=AU

SHEEWOKREN P, G T WIE 4, S6EFEE
SR P, G AT A5 AL 345K BOM [R], H7E il 725 491 1k
KA, 4 BEWT, BIN2 (B2N2 4b 3 P, W 3 5 T
BON1 4b¥H (P <0.05), 7 B2N3 . BIN4 B2N4 b ¥f
P 5 AR T BON1 Zb 3 (P <0.05) ;4K 57 11, BIN2 |
B2N2 BIN3 kb # P, i % & F BON1 &b ¥ (P <
0.05), 1 B2N3 BIN4 B2N4 kb ¥ P & % % F
BONI b ¥ (P <0.05) ;#li fHi 4 , BIN2 [B2N2 .BIN3
PR PSS T BONT 43 (P <0.05) , 1 BIN4
B2N4 kb3 P & KT BON1 b3 (P <0.05) ;3
S W, BIN2 B2N2 BIN3 kb3 P, 5 2 & T BONI
b B 4y W) B i 27.19% (. 18.32% . 7.89% , i

1
)

=

N1
1
2

N3
3
4
4

SfLFE/ (mol - m 2+ s

SYEEMY O IhERM mERN
EAE

B2N4 b ¥ P L F BONL ZbHf, Jdi /N 14.62%
rBEW] BIN2 4b B G B 3 & F BONL Ab B (P <
0.05) ,7fi BIN4 B2N4 4b ¥ G, & 2% F BON1 kb
FL(P <0.05) ; #& 77 19 0 4 4 19, BIN2 | B2N2 |
BIN3 4b¥E G @ 3 %5 T BON1 &b ¥ (P <0.05), 1
B2N4 4b ¥ G, 4 2% T BONI 4 ¥ (P <0.05) ;3
S BIN2 \B2N2 \BIN3 B2N3 4b# G, & % 55 F
BONI b3, 43 BEM], BIN2 B2N2 Ab B T 4 2% 55
F BON1 4 3 (P <0.05),1fii B2N3 ,BIN4 B2N4
AbER T, i AR T BON1 ZbBE (P <0.05) ;375 11,
BIN2 kb ¥ T & 2 75 F BONIL &b 3 (P <0.05), ifi
B2N3  BIN4 B2N4 4b ¥ T, 5 % ik T BONI kb ¥
(P <0.05) ;4 i), BIN2 B2N2 b3l T g % 5 F
BON1 4b ¥ (P < 0.05),1fij BIN4 B2N4 kb ¥ T &
FAX T BON1 4 ¥ (P <0.05); # % 1, BIN2 |
B2N2 BIN3 kb FE 7 5 2% &5 F BON1 4b ¥ A 55 45
R i RN Rt 3, 1 K R DR AR T
Tt AE W e 45 AR BRI P, G ORI T R A S I R B 5 U
A 10% Fei 12. 5 v/hm® 2= Yy ey P, G FI T 32 TF
i 3 e A, B A 30% P it 25 v/ hm AL Wy sk B P
G R T, B AT et B e K o

0
WH AR R TEEMT MW R
EEE EEH

K4 247 BKREELEER ZBERNLTE

Fig.4 Net photosynthetic rate, transpiration rate, and stomatal conductance of rice at different growth stages
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Fig.8 Correlation analysis between photosynthetic characteristic parameters and WUE, NUE, amount of dry matter, and yield
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