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Responses of Wheat Yield, Quality and Economic Benefits to Application Rates of Fulvic Acid in
Lime Concretion Black Soil Region
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Abstract: In order to determine the appropriate dosage of straw-derived fulvic acid (FA) in wheat
production in the lime concretion black soil region, a field experiment was conducted in the wheat
planting area of Bengbu City, Anhui Province, from 2023 to 2024, using the cultivar “Yannong 999”. Five

treatments were set up as follows, no fertilization (CK), recommended fertilization (RF), recommended
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fertilization + low-dose fulvic acid (335 kg/hm®, L-FA), recommended fertilization + medium-dose fulvic
acid (670 kg/hm®, M-FA), and recommended fertilization + high-dose fulvic acid (1005 kg/hm’, H-FA).
The aboveground dry matter accumulation, nutrient uptake, grain yield and quality indices of wheat were
systematically measured. The results showed that, compared to the CK and RF treatments, all FA-added
treatments increased significantly the aboveground dry matter accumulation and nitrogen, phosphorus
and potassium uptake of wheat throughout the growth period. Among them, the increasing effects of the
M-FA and H-FA treatments were significantly better than that of the L-FA treatment, with no significant
difference between the M-FA and H-FA treatments. Wheat yield followed the order: H-FA>M-FA>L-
FA>RF>CK. Compared to the RF treatment, the M-FA and H-FA treatments increased yield by 7.2% and
7.9% respectively, and no significant difference between the M-FA and H-FA treatments were observed.
In terms of wheat yield increase, there was no significant difference between the L-FA and RF treatments,
while all fertilization treatments showed significant differences from the CK treatment. In terms of quality
improvement, compared to the CK and RF treatments, the M-FA and H-FA treatments were more beneficial
for increasing wet gluten content, crude protein content, test weight, sedimentation value and falling
number, but no significant difference existed between the M-FA and H-FA treatments. However, grain
hardness was significantly increased only in the M-FA treatment compared with the CK and RF treatments.
Economic benefits analysis showed that the M-FA treatment achieved the highest net profit, which was
447.5 yuan/hm” higher than that of the RF treatment, with a benefit-cost ratio of 2.62. In conclusion, under
the conditions used by this study, the optimal fertilization scheme was the combination of recommended
fertilization and middle-rate FA. This scheme could realize the coordinated improvement of yield, quality,
and economic benefits, and provide a scientific basis for the green and efficient wheat production in the
lime concretion black soil region.

Key words: fulvic acid; lime concretion black soil; wheat; yield; quality; economic benefits
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1.1 KB At
2023 4F 10 H—2024 46 H.,
1.2 GG LR
T b 67 T 2 A e B i ] R LA M R i

F(db4i33° 237 58”7, KL 117° 18 107 )
ANFERIRE IR, 12 DX 3 I A 5 i 2 U i
WA, DRI, AERIR 149 °C, FEHREKR
871 mm, HEMEGEH] 2170 h, HHEEA D%
A REEEZE (0 ~ 20 cm ) T HE LA THAL
PR 1,

=1 AT IRERE UM R

Tab.1 Basic physical and chemical properties of soil before the experiment

AL 2R AR SR PERS U R
pH
(g/kg) (g/kg) (mg/kg) (mg/kg) (mg/kg) (mg/kg)
11.54 1.06 12.8 7.72 72.64 154.95 5.15
W pH WKL 4+ 1RIEIE,
1.3 IR JENEEKTK,

BAEY . N, W MRk 9997, HA
R R TE , 1L AR & T AR SRR F .

f K BE L RS AT UR BB RR, MRS R
23.5%, pH 5.8, 43 F & 300 ~ 500 Da, C/N [t
12 2 1, HLRBFEFEEFALRAAEME. Z6 08
(15-15-15) WIS EL TR A BR 2 m S 4t
PRE (N, 46% ) HILZEUREAL TARA Flft,
1.4 {3t

KHABEHUX B, JLBE 5 MEEL: At fe
(CK) . HEZFRENE (RF) . $EFEMEIE + {5 R85
fig (335 kg/hm®, L-FA) . #EFFMEIE + &38R
(670 kg/hm®, M-FA ) FlHE7E i A + 1) 2 3 )5 iR
(1005 kg/hm®, H-FA) , FAM0BE 3 kEL, It
15 AN, BA/RNXE 60 m* (3mx20m) ,
/NX B 0.5 m, EFEREALHECA : N 180 kg/hm’,
P,05 90 kg/hm®. K,O 90 kg/hm®, Jifr 47 it JE &b P #4)
Bt A0 (15-15-15) 600 kg/hm®, & 15 36 it
JRE 195 kg/hm®, ZBEGBH A 1 ¢ 1; 8EERRIE
TG it FH e — IR Mk i

AT 2023 42 10 H 31 HEERN, RERNREE N
4cm, BAVNXREFN 1617, T-20244F 6 H 1 HRIL
FE ) A7 L P A g T 224 b g b A P SR A T o /N
R W K i 487 mm, HidgT A (3 H)
FE7K 28 mm, HEXKI] (5 H) B#/K 85 mm, I LA
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WOHH EFR, T 105 °CAR T 30 min, i 65 “CHLT
ZIHE, FRIE,
1.5.2 #tk# LN, PAK & ERNE
Mk FEN. P ALK SEddlELR. &
B, PSR, R TR B AR (R
o B/ RPRL) el se s kntie)s, SRA H,S0,-
H,O, M, AR R s A (5
‘5. SEAL AA3 Auto Analyzer 3, fE]H ) Mz, 42
B R R IR S A (A4S PerkinElmer
AAnalyst 400, E[E ) JE
1.5.3 WOk /N & 77 o o= WY
RRIERYE IR R (g/ R ) = BRI ER
THE (g W) x Z@EZEraE (gg) , B
A E BYFRITRBCREAR N, 453 Bk SR R
LA IR R (kg/hm? ) = HLRRFR S
Wit (/M) x BARLIEAWERL (Bk /hm®) + 1000,
1.5.4 NEZ P& REMBERHNZE
INZZRRAE , BEAN/NXOCRAE 34 1 m® AR
FETT, DUERETT A SBOREE, FEALIEIR 30 22
B, GETFRURIE . 2RI T 0K R EE R A K
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TG, 7RI E AR AR AR AT S FH TR K
J LDS-5G 43 ¥ 7K 73 1 R AR 5 H AL 55 7K s
Proh 11% brde & K= at, BOFS4ME; BEHLIR
1000 R 58 M 7 FREE, THE TRIE.
1.5.5 /NEAFAL & L 38 AR B9 I 2

KL ZLAM G 73 B AR S 7N 22 A FRE it B
WHAT R E . NEBOR)E, & /NXFEHLTEIR
FERLRE ffv, A 3 21 4h 4 A AL ( R4S EXPEC
1370, WEERHEOREAIRA T ) W FF R i &
W, OB SR, FE, BE. TUEHR BRI
fELSE BT HE AR o
1.5.6 Z3F sz o

AR = SO — B AR N = 25 A
alifl i — AEGEAL R (HERERGAL ) Alidias

PR = BOA /S
1.6 BIRALTE

F| F Microsoft Office Excel 2021, IBM SPSS
Statistics 27.0 ( Duncan test, P=0.05) #l GraphPad
prism 10 ZAFHEATEEEEIE . Suitaria K, K’
REARBI T IE + R ZERR.

2 BRES

2.1 BB IEi ERTIRNREMEN

AN [i) it JIES Ak B /N 2 b |35 4 Jo R 2R R B A
B RS s ES (B 1) o BEEHIE
B RN, SR F /N b BT AR R
SIS BT E R AR . R R E N,
H5AMAEALE (CK) AL, Ar A i e AL 3 AE R
WL PRI AR . MERIMAGRI M T
JRAR R BT 66.9%. 58.7%. 56.6%.
54.0% F1 59.5% (P < 0.05) , ZWJitiJEXT T4 5
REMMREERRTET2EEN. 2EF 0Nk
TEMBAE + R R AL B (H-FA) b B39 i
MR SRR, SHEFGELHE (RF) Mk, 7R
B SRTIL. BRI WA SCR 3 4y )
B 35.7%. 25.3%. 19.7%. 15.3% Fl 20.2% (P <
0.05) , {H5HEFERGAE + b 8RR AL ( M-FA )
ML TEREZESR (P> 0.05) , HHhREERD
RESCEL TP = 8RR R, it FH AR 3R IR R4
TR .
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Fig.1 Aboveground dry matter accumulation of wheat at different growth stages under different treatments

TE: AR/NG P RER R [ — NI AR AL BE ] 225+ 2% (P < 0.05) .
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2.2 EBERIT I EH EBFES S =TI

W IR R A ANE S AT I FENL PL K
DRI 2, BEE A H M, SN
FEFFH N & i B/ APk K & R R 5
L /FFRIR NL P ERBRRE B, P
STt ERaE, B K SR RET S
B e T a4 FE R — AR F N, 5 CK AL,
BRI IBIRS A b PRI AREA L HESR RS F ki P 4b,
FAEAL BN FEFERIE / FPRiR NL PL K S
FH, Hor/NERSFR O TERESR IS IR OR, N
P. K & & 4> 388 0 120.5% ~ 133.5%. 26.8% ~
65.9%. 44.2% ~ 58.4%; KFRiFRI1EWCRIIE R e
K, N. P. K555 30.5% ~ 33.9%. 3.5% ~
5.3%. 2.5% ~ 4.5% (P < 0.05) , 5 RF &AL,
M-FA. H-FA b BUNZEZREFF N, Po K ST H7ES
AEEH (R IR S REBRAN ) BB EH I (P <
0.05) , 1H M-FA il H-FA &b B [A] BAK TG 3% 2 5
(P >0.05) , R EEEIRCREWLRFTFR
MRT K. 5 RFACHAL, B/ FRN & AE
BEHAA M-FA AbPESEIG N (2.4% ) , TERERKIAF
AR M-FA . H-FA PR B35, H H-FA 5
M-FA b #H TG 3 2 5 (P > 0.05) ; B/ kPR
P25 5 7 I S Tt 5 T Y Ak B8 Y S 0

PAS=N
[=EEN

WEA 3.0% ~ 8.6%. i/ Pk K & S 45 i e Ab
HREES (P >0.05) .
2.3 BRIBERFTUGRER N EZ T 2 IRIE RSN

M3 R, 5 CK A, FrAuieats N
FEAF . KPR BEANRERER N. P AT K FR40 R
SR IMOFRLH K RBCRBRSD ) . 5 RFALBEAH I,
M-FA il H-FA bBUNEZFEFFR NL PL K B
FROM, SE¥ N 36.4%. 51.4%. 45.6%. Kf
iR N IR M-FA A FEGRIEME, 5 RF PRI 5
9.0%; K Wit M-FA F1 H-FA &b ¥ % RF &b B
YIHE i 9.3%, H H-FA ZbBEMAIRE & T M-FA AbBE;
P W S0 A% B AL 3 ) e i 35 22 5 (P> 0.05) &
TEA R TR0 i |, M-FA Fl H-FA 231y 5 3%
H T REACHE (P < 0.05) , BRAEERN BB,
M-FA Fil H-FA &b BEA G W% 2 5% (P > 0.05) .
FEPE N ISR M-FA Zb P f . H-FA 0PIk 2,
i RE AEFRF-253 4R & 14.5% F 13.1%, HEkkP.
K 80 D347 DA H-FA AL 35 75  M-FA AL LR &, P
KM B 4 RF A 1P 34 2 3l 42 55 19.5% . 18.0%
F140.8%. 38.1%; M4h, L-FA ZEFLAE#KR N, P,
K F7 0 W i B = 1 RE ACER, (H4RTHIE AR T
M-FA il H-FA &b 3, HE 5 f84r 5 RF A0 2
FER(P>005),

R2 FEAEEEFHNEM LN PRIKESE
Tab.2 The contents of N, P and K in the aboveground parts of wheat at different

growth stages under different treatments %
HFHW Ab B X d £
AT Tl / ARL AT Tl / FPRL T Tl / AT RL
R 1] CK 3.65+0.036d — 0.51 +0.008¢ — 3.02+0.012d —
RF 3.80 +0.033¢ — 0.57 +0.003d — 3.28 +0.030¢ —
L-FA 3.95+0.033b — 0.60 + 0.009¢ — 3.55£0.055b —
M-FA 4.14 £0.023a — 0.65+0.010b — 3.58 +0.028b —
H-FA 4.19£0.013a — 0.67 +0.002a — 3.67£0.037a —
WA CK 2.75 %0.048¢ — 0.55+0.015¢ — 3.42 £0.066d —
RF 2.93 +0.032b — 0.60 +0.001b — 3.67+0.033¢ —
L-FA 2.94 +0.029b — 0.62 +0.002a — 3.83 +0.056b —
M-FA 3.13 +0.056a — 0.63 +0.008a — 4.07 £0.076a —
H-FA 3.17+0.033a — 0.63+0.011a — 4.02 £0.032a —
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wEm =
FEFT T/ KPR FEFT T/ ¥ PR FEFT T/ Fphi
Tl CK 122+0.003c  1.770.01lc  029%0.006d  0.39%0.004a 2.29%0.02lc  1.30+0.021b
RF 2.11%0.045b  2.04%0.023b  0.37%0.006c  0.39+0.008a 2.81+0.032a  1.39+0.005a
L-FA 2.17%0.029a  2.07%0.029ab  0.38£0.006b  0.40+0.005a 2.72+0.045b  1.39+0.005a
M-FA 2.16%0.015ab 2.10£0.00la  0.39%0.000a  0.40+0.006a 2.73+0.051b  1.39+0.007a
H-FA 2.19%0.011a  2.09%0.002ab 0.40%0.005a  0.40+0.003a 2.78+0.009ab  1.39+0.011a
TR CK 0.54%0.012c  1.56%0.030c  0.14%0.007d  0.33£0.004c  1.40 £0.004c  0.75+0.001b
RF 1.19£0.010b  1.96%0.006b  0.17%0.005c  0.33+0.005c  2.02+0.006d  0.78 +0.003a
L-FA 1.18£0.021b  1.96+0.002b  0.18 £0.004c  0.34+0.002b 2.05+0.0llc  0.78 +0.004a
M-FA 125+0.006a  1.99%0.005a  0.20*0.006b  0.35+0.003a 2.12+0.016b  0.78 +0.004a
H-FA 125+0.006a  2.00%+0.003a  022%0.00la  036%0.006a 223%0.006a  0.79 £0.013a
eI CK 024%0.00lc  1.77%0.003¢c  0.08%0.009b  0.38+0.008b 1.91£0.004c  0.67 0.011b
RF 0.28£0.005b  2.31%0.034b  0.09£0.004b  0.39+0.007a 2.47+0.030b  0.68 +0.006a
L-FA 0.36=0.004b  2.36%0.001a  0.09%0.003ab  0.40+0.005a 2.73+0.059a  0.68 +0.007a
M-FA 0.36=0.007a  2.37%0.029a  0.10£0.004a  0.40+0.002a 2.75+0.049a  0.69 +0.009a
H-FA 037+0.005a  237%0.020a 0.10+£0.003a  040+0.002a 2.78+0.05la  0.70 +0.008a
T FSIARR/NG PR IR F — I AR R AL B 22 5 B2 (P < 0.05)
< 3 NEIALIR/NFZWERER M B 5% 3 IR
Tab.3 Nutrient uptake of wheat aboveground at harvest stage at different treatments kg/hm’
i BB Qb N P K
SFT CK 18.70 £ 0.43d 6.52%0.73d 151.10 % 1.73d
RF 36.83 +0.18¢ 9.17 = 1.28¢ 256.41 *4.20c
L-FA 43.80 +0.82b 11.27 = 1.42b 322.76 £9.37b
M-FA 49.87+0.13a 13.80 +0.56a 369.49 £0.17a
H-FA 50.62 = 1.18a 13.97 £0.58a 377.01 £5.50a
AFRL CK 86.08 £ 0.76e 18.36 = 1.51b 3242 % 1.51b
RF 174.64 = 1.87d 29.84+2.18a 51.58 = 1.70b
L-FA 181.98 = 0.18c 3048 +1.18a 5237+ 0.81b
M-FA 192.34+0.29a 3225+ 1.52a 5599+ 1.01a
H-FA 188.66 = 0.37b 32.66 +0.57a 56.74 = 0.16a
L7 CK 104.79 = 0.96e 24.87 £2.20c 183.52+1.77d
RF 211.47 +1.74d 39.01 +3.16b 307.99 £ 3.28¢
L-FA 225.78 +0.74c 41.74 £ 1.99b 375.13 £10.15b
M-FA 24221 +0.42a 46.04 £2.07a 425.48 +0.84a
H-FA 239.27 + 1.06b 46.62 +0.70a 433.75+5.38a

T FAFIAR/NG FRZOR AR BERZREE (P <005) , FH.



o ity

R

2025 56 6 H

2.4 BB NEFEREMEE RN

SRRt PR 0] /N2 7 i B LA B IR 2R IR 5 i)
WK 4, SALE/NE = BRI H-FA > M-FA >
L-FA > RF > CK, 30 o5 i I it FH e 184 o 52 1
hm#a#, Hrp, M-FA Fll H-FA &R/ P 84 RF
AL H 53 39 S MG 7 7.2% A1 7.9%, B CK @ 3544
66.8% M1 67.9%. L-FA AbFRH ™ &5 RF 4B
FHES (P >0.05), KUY, MLHEFBE, #E
W it e T IR B KO A e B R T

Bl A o O TR P AL B 0, /NS A R S ORT RRE
B LS, TR E R BT R AR

#(£4) ., 5CKMML, MAELHEEERS T/
ZAEE. BRI TRLE ; M-FA il H-FA &
BN AT RUOBEREUE RF AL B Y 531 5835 34 0 4.6% Al
6.8%, % CK & 3& 34 N 23.7% #1 26.3%; L-FA.
M-FA. H-FA &b 3Bl k7 0% RF Ab B S 35 1%
10.4%. 15.7% #1120.5%, % CK W& 40.6%.
47.3% Fl 53.4%., TR B0 B 8 1R 1) Wi 7 SRR JEE 1
TA RS, R IR T 2@ g NMEs b S
SE SRR PRI RN A5 A 3L () R G S
5 (P >0.05) . BB/ R I 2R 2L
FREASCRIVROR 250 TR IR0 34 o

®4 PR NEFERHEMRER

Tab.4 Wheat yield and its component factors under different treatments

fh g Feit FRBREEL FERIEL ThiE
(kg/hm®) ( x 10" /hm’ ) (hr) (g)
CK 4864.42 + 259.94c¢ 399.00 +5.39d 30.03 +0.58¢ 4573 £0.64b
RF 7567.20 + 415.48b 472.00 +7.78¢ 38.24 +0.76d 46.59 +0.89a
L-FA 7717.18 + 344.14b 478.11 + 8.85¢ 4221 + 1.06¢ 47.06 £ 1.05a
M-FA 8112.09 + 348.45a 493.56 +9.10b 44.23 + 1.04b 47.19 £0.33a
H-FA 8165.76 £ 275.07a 503.89 + 10.55a 46.08 +0.63a 47.04 £0.38a

2.5 HBEIHNEFFRRRAN

P 2 B AT, it 0 S R N S, A it
JE AR BN 2 S0 A . MBS R, AE.
FERLAE FE . UOUE Fi5 ORI % 9% B0 B¢ CK 34 W 25 3
(P <0.05) , $EED AN 41.1% ~ 44.8%.
29.9% ~ 354%. 1.5% ~ 2.1%. 5.0% ~ 6.7%.
107.4% ~ 119.2%. 12.7% ~ 16.1%.

5 RF Ab P A4 b, M-FA Fl H-FA 4b B %) /)N
ZEESRFRER (BEHSE. HEASE. &
o PTEREBO PR SBUA ) TR N B3,
MM L-FA ZbBEAORAH 2 & ok 3% . 7R
& &7, L-FA. M-FA il H-FA b P % RF Ab
A58 (P <0.05) #2858 1 3.2%. 4.2% Al
43%, H=FM LB EES (P> 0.05) ; 7l
T /5 & B J7 1, M-FA fil H-FA &b BH4E RF AL 5 5y
B ERE T 2.7% M1 2.6%; TEAE I, M-FA
F1 H-FA b PRAE RF L0353 50 B35 5275 1 0.5%

60

0.6%; fEULTE$E 7 i, M-FA fil H-FA &b P 5%
RF A B35 B3R R T 5.0% Al 5.7%; FERET4 5L
B J5 1, M-FA 1 H-FA &b P% RF AL B> 1 g 3%
PET 3.1% M 3.1%( P < 0.05); 7EkERIR 7T,
5 RF AbPEAH I, 12 M-FA ZbF S EHE T 1.6%
(P < 0.05) , L-FA Fll H-FA Ab P 5 RF &b ¥ [a] G
WEZES (P >005) .,
2.6 HBBRINEEFHEAIZ

ANFE AR NEZ T g S, 5
CK AH H, il B Ak B /N 22 2yl £ 3 1R 4 5080.8 ~
5748.8 JG /hm’, Fifi 5 ¥5 JGF I FH L (O B8G nn, A  A
WAFERAL R BT, Hai 4 2 5ETT
JabEkaF ., 5 RF AFEAHE, M-FA Ab PRI 65 i
B, W T 447.5 96 /hm?, PR 2.62 ¢ 1;
1M L-FA 1 H-FA 4 2 26 £ 53 530 98 20> 17 52.4 FlI
220.5 JG /hm?®, WA A S e, 2 I % O R ) A7
TEABRE it o



2025 4% 6 R s -+

35 - 18 - 1200 -
c b ab a a
15 s a4 a A 1000 -
X [N I 800 -
NI (=) ~~
1 = £
41 b O] =600 -
8 o f
% 6 S
34 200 -
0 0-
QS g?’ g‘?* g?’ Ck' Q‘S g?’ 9?’ 'QV’
N N
40 1 500 -
b ab a a
30
’_] —~~
it E Zz
4
5%( 201 . =
o ym
% E| 2o
=2 S
10 1
R TS
VX R VX R

& 2 TR N RS
Fig.2 Wheat grain quality under different treatments
T AFR/NGFREFORAE P 257 % (P < 0.05) .
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Tab.5 Analysis of economic benefits under different treatments JC /hm’
A BA W RE
; [ €
g il AR A
kAL FEFF A e EER M B EEHE O BIRA B
B
CK 11674.6  2197.4  13872.0 0.0 0.0 1875.0 3000.0 375  5250.0 2.64 8622.0 —
RF 18161.3 29442 211055 19322 0.0 1875.0 3000.0 375  7182.2 2.94 13923.3 —

L-FA 18521.2 3369.4 21890.6 1932.2 837.5 1875.0 3000.0 375  8019.7 2.73 13870.9 -52.4
M-FA  19469.0 3759.0 23228.0 19322 1675.0 1875.0 3000.0 375  8857.2 2.62 14370.8 447.5
H-FA 19597.8 3799.7 233975 19322 25125 1875.0 3000.0 375  9694.7 241 13702.8  -220.5

e RS 2024 AE LA R RH T A S AR B ANENHKE 2400 76 /t, BT 1875 58 /hm®, FEFF 280 76 /t, &
AR 2480 JT /t, JRE 2278 ST /t, HEEER 2500 I /t, HUBREHH 3000 JT /hm® W5, HAHURR S A& - biesk . 3 Ab.
T AMUMIEAT 2 . W], 8% SR &3 .
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