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Effects of Biochar Straw Combined with Nitrogen Fertilizer on Nutrients
in Soda Saline-alkali Soil and Rice Growth
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Abstract; Aiming to investigate the effects of biochar — straw co-application and nitrogen fertilizer on the
synergistic regulation of nutrient content in sodic saline-alkali soil and rice growth, a two-year field
experiment on rice was conducted from 2024 to 2025. The experiment used a split-plot design with four
straw returning treatments: control ( CK, no straw returning); straw alone at 9 t/hm’ ( F); biochar
1 /hm® + straw 6 t/hm*(M1) and biochar 2 t/hm® + straw 3 t/hm’ (M2). The base fertilizer was set
tillering fertilizer as panicle fertilizer 4:4: 2 (N1, nitrogen applied later) , and base fertilizer as tillering
fertilizer 4: 6 (N2, conventional fertilization ) , totally two types of nitrogen treatments. The research
results indicated that; compared with treatment F, the combined application of biochar and straw
increased soil nutrient content during the early growth stage and improved the photosynthetic
characteristics of rice, with treatment M1 performing better than M2. Specifically, soil ammonium
nitrogen in the regreening period under M1 was increased by 5. 43% compared with that of treatment F.
The deferred application of nitrogen fertilizer further enhanced soil nitrogen content during the jointing and
panicle initiation stages and significantly improved rice photosynthetic performance. SPAD, stomatal

conductance, and net photosynthetic rate under treatment MIN1 were significantly higher than those

Weks H . 2026 —01 —30 & H. 2026 —03 —01

E&TH . FFEESHEIRIEH (2023 YFD1500600) | [FHK H AR :IL 40 H (52379036 ) (B Ip T4 H AR EIL 4T H (Z12024F004) |
LR FEAE BA PR 5 /KRS FH 75 KRR I % 391 H ( BDHXX — JS — 2025050 ) Fi1 [ 8K % J5 5 200 A A -5 3850 0y B S 06 28 T s i A
(2024KFKT012)

TEE T R (1986—) , 3, R A2 S, B el K B0 s 250 T AER i 2 R AT, E-mail ; aizheng. yang@ neau. edu. cn

BEEE . 2K (1988—) , %, 84% {44 T, B2 NHASPIRET TR b K £ 505 S80H 58 U 5Y , E-mail ; 1imo0828@ neau. edu. cn



334 B A1 R = 4

2026 4F

under MIN2 by 8.83%, 9.79% ,

and 10.42% , respectively. In addition, MINI1 simultaneously

optimized rice grain nitrogen content, nitrogen use efficiency, and yield, with the highest two-year yield
reaching 7 614. 05 kg/hm’. The comprehensive evaluation results based on the entropy weight TOPSIS

model indicated that the MIN1 treatment had the highest relative closeness, with an evaluation grade of

‘excellent’ .

In summary, the combined application of biochar and straw at 1: 6 ratio along with nitrogen

fertilizer was an effective model for synergistically ameliorating sodic saline-alkali soil, enhancing rice

photosynthetic capacity, and achieving high yield and nitrogen utilization.
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Tab.1 Basic physicochemical properties of soil

FE PG, 1T, $ea 35 E AE Wk SRS R
SIHHZE A /N Xl R AL MRS R R A
HEACGER 5 A4~ — 2, it A JIE (KRR,
4l & R 46. 6% ) 200 kg/hm? ; B AR ( TR 3o B R 45,
P,0, % & 46% )70 kg/hm® ; #E ( S0AL4T, K, 0 Fr it
60% )90 kg/hm? , LA P fie RS F LA AL T
WM 3 4 Fis,
1.3 JEIEHR
1.3.1 3R R

A FRAE AT BE L EOKOP AR AR 25 5 IR ANAE

MEAE/ (gkg™")

ARG (g-kg™ ) ARBEER/ (mg-kg ™)

ZH pHIH #BAFE/ (mg-kg™') WMERATH/ (mg-kg™")
¥fE 8.35 3.42 2.15

0.83 8.87 20. 13

F2 R@igit
Tab.2 Experimental design

VxRS
Ak \ A ( i
St AT e gy e

it

CK 0 HAHUERE (4:6) 0:0
FN1 F5FF9 /hm? FNLSEFE(4:4:2) 0:9
FN2 FEFF9 v/hm? RN (4:6) 0:9
MINL  Af | v/hn? +F5FF 6 v/hm?  AUETERE (4:4:2) 1:6
MIN2 AW 1 v/h? +FEFF6 vhm? HALIEAL (4:6) 1:6
M2NL A% 2 v/hm? + 547 3 /hm?  AULEFE (4:4:2) 2:3
M2N2 A 2 v/hm? +F5FF 3 v/hm?  ERLIEAE (4:6) 2:3

x3 AEYMREBEAMER

Tab.3 Physicochemical properties of biochar

kifts  OYEE BASUR  BiSTE BRETRE

24 pHH N N N N
N/ % Bl DEU% BV %
B 8.86 1.5~2.0 31.8 1.53 0.78  70.38

T4 FEFELHER
Tab.4 Physicochemical properties of straw
MEE BEEAE O/
P Tt T T
8 % DE/% B/ % (grem )
BE 5.8 0.9 78:1 1.3 0.2 0.1

FR

IKFEIRTE W T2 LI R I R A T 1 45
BURE . HIERESCRAETR B 0 ~ 20 em, BN A0 3
WHE D TR 2 (AR A B4, —
Oy 8T 4°CUKEE R, FH T 0052 1 3B 35 AR A A
i o — Iy HARIRT, T ol i b 24 Bk
#H.
1.3.2 RS ENE

FRERT RS 100 B R A4, 1

A WL AT AL ( Elementar vario TOC., £ [ ) il & 1 1
A BB i, T LA B AR B 1. 724 WIS 4 36 ML
B FRBUETEE AL 5 g, 1 10 S0, ERF] 0.01 g,
B 200 mL =AM, A 2 mol/L G Ak B ¥ Wi
50 mL, ZE R FEF ARG EIRG 1 h, BUHFE,
o - G B R B U I, W — E R LR
W, 1 4 B 34k 2 18] 87 53 B 42 ( Smart chem 200
) BT ASA H AR S BEIE ™ R AYLICE A
PNE R AR SR
1.3.3 KRR KBS M

TR/ N X R 5 #RA R K R A AR 98
BRI R TR, TR & 0 BER 4k 2 R
FFLEY P BON BB 3 F 4B ] Multispe Q
Z ) BE M- & 25 I S 5 A X ISR R fr i (SPAD
{ED) 0 3B A R ep Rk T o bk A R
SEINSE 3 R BOE- B4 5 R G A R B4 (LT —
6800XT I, SE[E ) [F] M ¥ e A % SAL T BE,
R EEE 3 ECEE,
1.3.4  KFE7 8 SO E R

IKFE RS, BE/INX B 1 m® FE R T4 A T 32 b
iy EAE 3, IR IC A RRUE AT B R, 2 B 2
A RO PRARRLER | 45 SR R S e R
AR
1.3.5 ZAER AR

AR TR 5 R H,S0,— H,0, 72 %M
AA3 B S4BTSO R AR S IR EA
HEFHBCR (NUE) | HER N

G,G,

NUE =% (1)



336 gl AL ¥ 4k 2026 4F
L 6,—EYIFPR 7 it kg/hm? 6 MRIEMIRE
G, —VEWFFRI A & i, % Tab.6 Effectiveness evaluation criteria
N—iti % 42, ke/hm? R 2L TP RO A
1.3.6 ZEGIFH 0.8~1.0 "
ST TOPSIS U8 S AL A, PRI AL et :
X e M AR AR K AR R R [ kb P 2 0-~0.3 %

SRR I S O L 6.
£5 REALEEATHEHRER

Tab.5 Types of indicators for comprehensive

evaluation of different treatments

1.4 HEZITE5HH
K H Microsoft Excel 2021 %% P56 % 45 ; F) F
SPSS 26. 0 JFRHL R Jr 2204 (ANOVA) 5/ ik

FH2EFL(LSD) Z2 T OB, A6 6 7% Ak B[] 435 4 ) 22

s ] WA bR ] T
A o Hom S+ VE 5 8 Origin Pro 2023 ( OriginLab 2 Al , 3
) A e ) #17 Pearson FHCHT M2l B
FeoritR P ‘
SRR PN
FHLR A bk 2 HRELSH
nRgE i N . N
W K48 kR Vil % o 2.1 EYRMEFRETERREEMNTERSH
SALGE oL A
R e RTRIARFER 35750 & B KRS A & 308 b
LEr R %1 S . N e
ittt o e Fel 2. PR /NG 58 3% AL BRI 22 57 5.3 (P <
ORLJIT NS . .
g - 0.05), NI P, 88 &R (NH) -N) Al 45
. PRI it Bk ('TN) 7 it B A= B R T B, 7638 75 4
HEIEIR e 1 g 2 ' o , NESN e
w HLFECE ok B GRS FTA L, R B PR R R 5 T
= CK =aMINI =aM2N1 = CK saMINI] = M2N1 = CK =EaMINI =1 M2N1
22 FN1 == MIN2 mm M2N2 2z FN1 &8 MIN2 mm M2N2 2z FN1 B8 MIN2 mm M2N2
—~ 15 £ FN2 15 - 3 FN2 ~10 = FN2
= | 5 |
K | % [T [ b
& LA 1 £ UL [T |
BT A TN A BT 17 BT SR T U
A A E

(a) 20244 BLEA SR
=ICK =5 MIN] == M2N1
=2 FN1 &9 MIN2 mmM2N2

() 20244 RS A SR
=ICK =3 MIN] EmM2N1
=2 FN1 B MIN2 mm M2N2

(b) 2025

@ CK == MINI EaM2N1
EZaFN1 B MIN2 mmM2N2

10 = FN2 18 = FN2 sy SFN2

up ab — — :

< 8 be o b Boc o &

£ 7 ’ %, 1.2 e a0y aab = 121 &

s ° | ¥ = |l | T = NN |

7 7 , 0.6 ' X N B
K, é N oozahs = 0 i bl 111
& 2 NN = < | G | T |

EHM
(d) 2025%F TSR &
=ICK == MIN] Em M2N1

FN1 = MIN2 mm M2N2
9 FN2

NAANNNANNNNNRNNN

%2

T

g
oL i
B H] ST LA
HHH
() 20244F ML BT it

& 2

N

S S T

0
IR H) ST Z A FLRA
AEH
(f) 20254F , & H 5 &

I
AH

() 20244, &/ HE

E=CK == MIN] &= M2N1

s, EAENI = MIN2 mm M2N2
20

S s

Tﬂi ég \ aq" e
ol N 9

< 1ol A o

& O i

= H n

ZERAM) LA A
EX=R U]
(h) 20254F LTS &

A Uk q]

ANRIALBE T K FEA R A B e o o i

Fig.2  Soil nutrient content at different growth stages of rice under different treatments



4

Wy Zeu 25 . AW BRS FHEEIE T 2UIE 5 A X0 95 T ER 8 SR 73 KRS A K A 52 337

44 NH, -N &8, M1 Ab BRI = T M2 kb FR{E G
FEES, R, AR R AN — 2, M1 A
M2 AbBEAHE NH, -N & 548 F il CK 4b B 43 51 5F
YT 5.43% 13.39% 1 5.39% . 12.81% ., Uit
AN NT ARBE 5 N2 Ab BEAH L S 2 45w 3T 2 R
13 NH, -N #l TN & &, 55 5 34 fin 10. 86% ~
19.08% F14.08% ~10.22% , #ALFE 43 NO; -N 7%
R 2 By P MINT AT M2NT AR 3+
HENO; -N SB35 % FNT AL 3 & 25 80 13.3%
7.99%

Il 2 2h AT FEOK R AE BRI, A= 9 RN
FHIR it A 340 5 4 R A PIL 5 &, AR B/ IMK
W M1 M2 F CK,{H M1 ZbH 5 M2 4b B 2~ 6] 6
WEES, SOOI AU & R R ARk
FNEAE , AR A R A 0 S ), MIIN2 Ab 3
A ML 2 A FN2 R CK A 2 43 ) 38
9.06% #127.93% ., ANEJGHAABEIEG I T A ML
i (H 5 EREIE AL BV A B 22 R, IhAh, M2 b
A A LT & i AE FL TR S T M1 Ab 3 3
hn2.44%
2.2 HEYIRMBEFBEETRIEBEB KBS

fanE 3a 3b i, 2 4F[E) 4540 3 SPAD {748 1k ¥4
B R KR AE R K E, SPAD {3 i,
TE57BE] SPAD {3 iR fe PR, Bl 5 7K e 38 ¥ 6 T A
A SPAD {H & Wi T B, 76 AH At L2 F , SPAD
{HL 6 25 TR it o L3 o S S o e BRIk A, LAy
BEI] B MM AR A 491, M1N2 Ab BRI M2N2 40 BR#E FN2
AR A 5] i 2 TN 11. 38% A1 8. 36% ,1H 2 AR it
ARFRAGREN 225 LA, N1 B E N2 AbHEAH
LY S 35 4 TR e A B T 2 R 9 SPAD B, MIN1
AbFEE MIN2 4b P 5 14 0 8. 83% ; M2N1 Ah FH#E
M2N2 #h3 i 380 6. 67% .,

WK 3¢ ~3f i, &2 BOK AR S AL SR
HFOLE HR ARG SEALL, FIERIE T
AT AREIK AR AL T E RGO A A, BT
SRAE M1 AL Pk F) B 28 MINT ZbFEEE MIN2 Ab B
SLEHEIN 9. 79% F1 10. 42% , 165 AR AL FF
AW ARSI AL B P A M1 b B AL
FRG A R 1 25 5 T O RS A AR 3L, DAy BE I R
5], MIN2 Kb HFL S BE A A8 R 48 CK il FN2
b 3R 43 ) S X 880 22. 68% 7. 26% F1 24.63% .
8.91% ., WLAHM ANFEIR T BRI, M1 AL 36 A

Y = 23
TR0 AL M2 KR IR FE RN 8. 51% , HAEF I M1 &b
= 7 =X Q B = 2
ANEAE BT KR F 4R 25 & (SPAD {B) 728 FIBE S T M2 B2 AN
, =1 CK =1CK , =CK
601 & FN1 601 & FN1 0.67 = FN1
_ = FN2 — =FN2 EN =IFN2
o 50 = MIN1 = 50 = MIN1 e = MIN1
2 = MIN2 2 B MIN2 4 == MIN2
=40 = M2N1 = 40t == M2N1 g 04r @ =3 M2N1
@ 2,2 M2N2 2 - < b = V2N2
I 30 aab IH 30} £ I
o i o 5 \
4 20 % 20t & 02 i
il = i N
= 10 T 10 e i
N
N
%N 0 N 0 A A
REH] ArEEN) R AR FLEU REH] AEEN) ARTTZARE] FLA REH EEH] AR LA
Eay=p HHH HEEY
(a) 202448 SPAD{E (b) 20254F , SPADH () 202448, LG
o6 =K = 40 = K =407 =K
@ @a FN1 @ @a FN1 @ @A FN1
ki = FN2 & a0l = FN2 = 30l N2
Eooal == MIN1 g =1 MINI £ = MINI
=0 == MIN2 E = MIN2 E i == MIN2
E . B M2N1 Em V2N 1N s . EEM2N1
% s mm M2N2 Jﬁ 20¢ . mm2N2 ﬁzo- §§ :
hiiid 2 a ah 3 N
o 02 B |aaa22s b, ] 0
~ o 10 o 10 2§
i = = an

o |
N

EE VB S 2R A
1
(d) 20254, AL

SRS R LA e
(&) 202447 | G4 TR

JYBEN JR A 2L
L
(£) 20254 ok fr sk

&8

FH

B3 AR KREARAE TR g e S LR E DA R

Fig.3 SPAD value, stomatal and net photosynthetic rate of rice leaves at different growth stages under different treatments
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Fig.5 Correlation analysis of soil nutrients and physiological indicators of rice
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