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Abstract: [Objective] This study aims to analyze the physicochemical properties of two natural humus-modified materials
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(M1 and M2) produced by different processing methods, compare the differences between the two materials, and investigate
their effects at different concentrations on the growth of maize under drip irrigation conditions. The goal is to explore the
most suitable application concentration and amount of humus under drip irrigation and provide new perspectives and
practical bases for agricultural production. [Method] The content of humus and its components in M1 (natural humus sand
grinding fluid) and M2 (fully water-soluble potassium nitrohumate) was determined and the physical and chemical properties
of the materials were analyzed through elemental analysis, scanning electron microscopy, and Fourier transform infrared
spectroscopy (FTIR). Then, field experiments were designed to evaluate the effects of applying different concentrations (0.2,
0.4,0.6,08,1.0,15,20 g-L'l) and amounts (650, 1 300, 1 950 L-hm‘z) of M1 and M2 on the height, biomass, and yield of
maize. [ResultIThe results showed that: 1) There were significant differences in chemical composition between M1 and M2.
M1 had a higher content of humus, larger molecular weight, more complex structure, and stronger stability in soil. On the
other hand, M2 had a lower total content of humus, a high content of fulvic acid (FA), a smaller molecular weight, and a
lower degree of humification. 2) The microstructure of M1 and M2 differed. M1 had a rough and complex particle surface
with uneven particle size while M2 exhibited a smoother and looser sponge-like appearance with no chaotic structure on the
particle surface. FTIR analysis showed that M1 may contain more aromatic structures or carboxylate salts and silicate
impurities while M2 may contain more carboxyl groups. 3) Although the application of M1 and M2 had little effect on plant
height, it significantly increased the biomass and yield of maize. Especially for M2, when its concentration was 1.0 g-L™* and
the amount was 1 300 or 1 950 L-hm™, the biomass of maize plants increased significantly by 40.11% and 40.74% and the
yield increased significantly by 25.75% and 27.45%, respectively. [ Conclusion] The application of different concentrations
and amounts of M1 and M2 effectively promoted the growth of maize, with M2 exhibiting greater growth potential under the
same conditions. This may be attributed to the role of humus in improving soil structure, increasing and retaining soil
moisture and nutrient content, activating specific biochemical pathways, and enhancing soil microbial activity, thereby
improving the nutrient absorption efficiency and photosynthetic capacity of maize plants. Considering factors such as cost, it
is recommended to apply M2 at a concentration of 1.0 g-L™* and an amount of 1 300 L-hm in the field to fully exploit its
effects in promoting maize growth potential and increasing yield. This provides new perspectives and practical bases for the
efficient utilization of humus in agriculture.

Key words: Natural humus materials; Chemical composition; Microstructure; Drip irrigation; Maize growth
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Table 1 Basic nutrient properties of different materials

FEdh L% Organic carbon 4% Total N 4= Total P A4 Total K

Sample I(g-kg™) I(g-kg™) I(g-kg™) I(g-kg™) i
NFA 532.6 + 15.32a 8.51+1.39b 0.31£0.02c 0.17 £ 0.00b 3.58 £0.07c
M1 5289+ 7.77a 6.93+0.21b 0.34 £0.02b 0.17 £0.00b 4.13£0.04b
M2 437.1+9.93b 28.00 £ 0.91a 0.43+0.01a 171.8+2.57a 7.76 £0.04a

: NFAL M1, M2 AR RRIEFRAE, MRl —. Mk, RRE. 8 SRS S8R N, PL KN THES =, F—
BIPARERNS FRFRARBER TR EEEREE (P <0.05). Note: NFA, M1, and M2 stand for natural humic acid material,
material 1 and material 2, respectively. Nutrient contents of N, P, and K are listed based on the content of the element. Different lowercase
letters in the same column indicated that the nutrient content in different samples was significantly different (P < 0.05).
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Table 2 The corresponding numbers treated with different concentrations and amounts

Fi& Amounts W Concentration / (g-L™)
/ (L-hm?) 0.2 04 06 08 1.0 15 20
650 C1A1 C2A1 C3Al C4A1 C5A1 C6A1 C7A1
1300 C1A2 C2A2 C3A2 C4A2 C5A2 C6A2 C7A2
1950 C1A3 C2A3 C3A3 C4A3 C5A3 C6A3 C7A3

VE: CK (COAQ) AN S R M B X 8 . R fAl. Note: CK (COAO) was the control without humus materials. The same below.
14 MRSHENE

JEBEBR 053 40 Mr: SR 0.1 mol-L™" NaOH 1 0.1 mol-L™ Na,P,O; VB A AR BUARIR (HA). & LR
(FA) B R 5@t A IR AT NI AGET I B B R (Hus) HA K FATRE . WARE (Hu) Bl FH 22 0%
434, BP Hu=Hus - HA - FA.
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AT IE .
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S TAE S, ML FJE5E R S L AH o O] s VERR IR & B4 NFA TR 284, M2 P24 T ORI AR AL .
PRI EEA RN S, ML R BT S BN 386.2 g-kgt, EEE T M2, £ M1, B (HA) 23
FEMEEFRA S, SN 303.4 g-kghs R TR R 78.56%, BER T M2, M1 RS H BN
ST IR (Hw, 5 H S R B 18.43%. 4Rif, M1 il tEmk (DOC) & &MWL,
R 091 g-kgte M M2, 15 ML AMIELE BT & & B, BRI 319.2 g-kgt. M2 BB R
MEBEANEE B (FA), SHREIER|T 2425 g-kg™, o5 H R F A2 B0 75.98%. 1M o1 14 /i i i 41
4y Hu & B4 & 78 BB 1 0.96%. [AIIF, M2 i) DOC & B ik 310.7 g-kg™, i T M1 H 4
B, SMEME, M2 FEERSEMIT M1, A1, SRERASFSERE, M2 FZ5HE TR
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Table 3 Total carbon content of humus and its components and dissolved carbon values in different samples

‘ N HHER AR JE IR IR GRS
FE b PQ
Fulvic acid Humic acid Humin Humus Dissolved carbon
Sample | %
/(g-kg™) /(g-kg™) /(g-kg™) /(g-kg™) /(g-kg™)
NFA 14.58 + 4.38b 305.8 + 18.32a 68.53 + 19.68a 95.41+1.52a 388.9+11.19a 1.12+0.13b
M1 11.60 £ 0.93b 303.4+12.9a 71.19 +19.23a 96.32+0.17a 386.2 + 5.68a 0.91+0.17b
M2 2425+ 3.01a 73.60 + 10.81b 3.08 +1.30b 23.23+2.85b 319.2 +7.25b 310.7 £5.29a

I PQ, BRIESIEI T HIBIRN A 4 & . RS hRA RN RN AR RIA S M 2R B3E (P <0.05). TIA. Note:
PQ, percentage of humic acid in alkaline-extractable Hus. Different lowercase letters in the same column indicated significant differences
between the same components of different samples (P < 0.05). The same as below.
2.2 AEMHEBITCREREHE

R A JER T RAREE AR NFA =2 M1, M2 1 C. H. N. S, O F LK & E. ML 15 NFA
IS TR S B BRI AE 2R, (HIFARPARERNL, HEEZT, M2EC. N O TtREES NFA M
ML AHEEIR I & 25, 5 MLAELL, M2 ) CIN LB T C oo R & R AIFRA N o3 & = M3 i &
HIEAK. CIH A CIN LLiZE A SO T BEREE S WU (K 22 B0, Lt o 7104 & BE L 2 A
P — i, U CIN BB AN B S AE Y i, Rk, ML A M2 1R ) e 2 /47 A
ENGESEALR

R4 TEIHBITTRERR

Table 4 Elemental composition of different samples

&4 Sample Cl(g-kg™) Hi(g-kg™) N/(g-kg™) O/(g-kg™) CH CIN
NFA 524.0 + 3.63a 36.26 £ 2.78a 8.51 +1.39b 429.4 £ 3.11a 1449+ 1.01a 62.37 £9.73a
M1 519.2 + 0.25a 39.24 £ 0.62a 6.93+0.21b 431.2 £ 2.29% 13.23 +0.20a 74.95 + 2.26a
M2 441.2 £ 1.04b 35.44 +2.11a 28.00 + 0.91a 319.6 £1.62b 12,47 +0.71a 15.77 £ 0.48b

2.3 ARIMREIRIE D R SIFIE

FLAR 53 A8 SR VP Al AR R UL 1) RS20 A, A RHEER B — AN 240, miE MR sOSPE
W AR S . B 1 RBR TARMER AR S AARE. ATUUEH, NFA MRS 20—
AN T, IR R FLUR R ST A AR B AHEL 2R, AR F18 2 ML, B AR HIRfE
oA, HUEEEEU/NRLAR AL, i B R R A g, HEERERUMORSVER N . thah,
FORFR SRR /NT 120 H (125 pm) (IER, A REGAEA 3% S0k, M&n TE, M1 7E 125 um
RBARFA A N 0, FFETRERIZ&E. 5 NFA FHLEL, M1 B9k R~F— 8, B/NRmioki s n 1 tb
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B 1 ASFERERHRLAR 20 A 1
Fig. 1 Particle size distribution of different materials
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Ky, MORHEOR RS, BRI R TR A —. M2, 2e ~ &1 2h B B BRI AR N
BOEAURLRE, RUIEIN T R, ML RRTRLR TN, 2RI B T 58 20 /NI DKL o XAt RS Rty
FRENG N AR R AR, AT RTRESRTT T ML IR RE Jy . TR 2i ~ [ 21 BRI T SN A A
SRR, IX W] M2 LR N T AR b T REIRAT 1B R S R — SO DA BSGE AR B R
2.4 FEMEBYIINEERFE

MWL ADGHE (FTIR) 20 M —Fi TR b AL 2 BN 7y 1 S R BTk . Tl iy
3 FT7n ¥ NFAL M1 AT M2 1) FTIR 35, AT UL T X SERRL A AL A B I IR BN RFAE - 7F 3 414 ~ 3423
e A SRS FORAT L (—OH) IMAETRED, BEWIARI P AT REEE RS mykEi et 2 921 ~
2922 e AL IEFRIR T C—H BEMIMARIRS), FIRRL AT BEA7/E FHE (—CHy) Bl W H A (—CH,—)
(91,1 617 ~ 1 621 cm™ B3 A9 W Yigide vl B3R /R 55 A 28 1 1) C=C HRER IR F C=0 AKX R i 5 R 5052,
1383 ~ 1384 cm™ A AR UG 5 T KAk &4 1) — OH B FEAR B HIFR R (1) C— O iRzl 4 551" 1100
~ 1300 cm™ [X &) [y W S e U T i U B F- C— N SRR 4 R 3010, W3 T &0 (—NHy) IA7AE. 1112 em™
AbIE T RES C-N B C-O (MR EIHIZE Y T7E 1 034 om™ &bk iicis, 8% 52 Hh C—O K4
W55, BURRERR IR 19 Si—O MR ?), Xttt M1 Rt M2, ATLLE H: M1 76 3414 ~ 3423 cm™?
F12921 ~ 2922 em™ 4R Y M2 SESRF AR EE, X RHT ML h & B 2 R C—H AR,
AT g R I RA R 2 7] C—H B HAFIEZER . ML TE 1617 ~ 1621 cm™ thRHLH E: M2 B8R BE IR
Ygle, AT REREBRAE M1 APOQCEE A RN, B 2 BIEUEAE IO RAIA . I M2 7E 1384 em™ AR B OR R
M1 SRR, W M2 FFRTBE S TE 2 IR, I, 1112 e Ab g M2 BT, X BT M2
RS A ABA S BB AN BRI, WS RS MLE 1 034 em™ 4L R HLH — b WRikig, FW M1
HABE S AR RERR S 24 . kAN, ML 7E 1000 cm™ DAR BELH Z AN R0, T M2 b, X ATBE
B ML & B RIR I E eI 1451

http://pedologica.issas.ac.cn



e
Acta Pedologica Sinica

H: a~d NFA, e~hAML, i~1M2, IAEFIAMIKHAHOK 20 000, 10000, 5000, 2000 f%. Note: a ~d stands for NFA, e ~
h stands for M1, i ~ | stands for M2, and from left to right stands for magnification of 20 000, 10 000, 5 000, 2 000 times.
K 2 AFEREHR R R R

Fig. 2 Scanning electron micrographs of different materials

2921

3414 1618

4000 3600 3200 2800 2400 2000 1600 1200 800 400
K Wavelength /em™

K3 =FRH LA R
Fig. 3 Fourier transform infrared spectroscopic characteristics of different materials
25 THERXTEXRERNKS. £PEN~2
KHFFWEE T A FAEFFAT T TR SR NL (R 5). ATLVEH, BARMERH M1 5 M2 3
HEARMEAM S A AR, HERIFALE. R, FFERAIZMET, ML M2 X SRR Y &
(AFPBiEit) P T RERR (R 6). BARME: MM ML, AFRWE SRS H B THRIHE
Y. MEN ALK, BEERERSGIN, EWEEEER, w5k ELE C6 5 C7 i, 7 7l# CK
I T 13.94%A1 15.93%. FIEIY A2 FI A3 I, PTA ik EZALELS B 2 58n 1B . Hrh AN A2
i, C6 K FAMEILRIHA, #3520 g, K CK ZEMINT 29.47%. FEN A3, C5IKEFEY
EHUF AR, 1A% 353.89, % CKIEINT 30.12%.
T M2 I, BB LRI IN, B R I s RN AL, C3 ~ C7 WA
AYESEE ST CK, IRERN CT RAYELRRHEK, 734419, B CK BEHN T 26.58%. fEHEN
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A2 NI A3 I, AW REA R BNy L S s, HIER Dy C5 N EUAS & KAl 70N
380.99. 382.6¢, & CK &N T 40.11%. 40.74%.
&5 TREIALET KBRS
Table 5 Plant height of maize under different treatments /cm
VOB M1 M2
Treatment Al A2 A3 Al A2 A3
Cco 226.0 + 17.69Aa 226.0 + 17.69Aa 226.0 + 17.69Aa 226.0 + 17.69Aa 226.0 + 17.69Aa 226.0 + 17.69Aa
C1 227.7+£5.13Aa 234.0 £ 8.54Aa 237.0 £ 15.39Aa 230.0 + 2.00Aa 234.0 + 16.09Aa 235.7 + 18.58Aa
Cc2 237.0 + 14.80Aa 235.7 £ 6.66Aa 229.0 + 1.00Aa 230.8 £7.11Aa 232.0 £ 17.59Aa 233.0+7.21Aa
C3 236.5 + 11.30Aa 240.7 £ 9.81Aa 240.3 £ 17.04Aa 233.2 +12.36Aa 235.3 +8.62Aa 238.0 + 13.00Aa
C4 234.2 +4.19Aa 2455 + 8.85Aa 236.5 £ 9.26Aa 241.2 +8.40Aa 2415+ 8.67Aa 238.0 £ 6.24Aa
C5 240.0 + 3.04Aa 236.3 + 10.26Aa 245.7 + 13.82Aa 240.8 + 15.78Aa 244.0 +10.58Aa 246.3 +10.07Aa
C6 241.2+9.41Aa 236.1+1.27Aa 2415+3.77Aa 236.3 + 8.02Aa 240.3 +8.14Aa 242.3 £ 3.06Aa
Cc7 239.7 £7.75Aa 241.3+8.74Aa 238.3+2.31Aa 2425 +6.54Aa 239.5 + 11.46Aa 244.0 £5.29Aa

e FAT AR RS FRAEE ML (M2) ZEAH R EEAS R B AL B A) 22 53 . 2% (P < 0.05), [RIFUAF/ING FRHREE M1 (M2) ZEAH R
FH B AN [FIVR B A3 ) 22 57 (B35 (P < 0.05) 0 IR B & S HAZ HAE F A R oK AR 38 8 B35 4E A« T [« Note: Different uppercase letters
in the same line represented M1 (M2) had significant differences between treatments at the same concentration and different amounts (P <
0.05). Different lowercase letters in the same column represented M1 (M2) had significant differences between treatments at the same

amount and different concentrations (P < 0.05). Concentration, amount and their interaction had no significant effect on maize plant height.

The same as below.

R 6 NELETEKERNEYE

Table 6 The biomass of maize under different treatments /g

s M1 M2
Treatment Al A2 A3 Al A2 A3
Cco 271.9 + 23.54Ab 271.9+2354Ac  271.9+2354Ab  2719+2354Ac  2719+2354Ad  271.9+ 2354Ac
c1 284.4 + 23.08Aab 307.9+13.04Ab  3221+3464Aa  290.3+20.83Abc  300.7+28.65Acd  314.3 16.99Ab
c2 292.0 + 14.14Aab 3124+1721Ab  333.8+10.26Aa  304520.04Aabc  317.6+10.25Abc  322.7 +9.63Ab
c3 299.9+1544Bab  307.9+23.44ABb  3259+10.6Aa  321.4+2053Aab  327.2+2113Abc  328.6 + 27.99Ab
c4 2997 £22.89Aab  3315+1577Aab 3206+ 14.21Aa  316.0+23.87Aab  345.6+12.15Aab  342.4 + 23.07Ab
cs 307.9 + 13.04Aab 308.1+17.39Ab  353.8+20.17Aa  330.1+10.95Aab  380.9+14.98Aa 3826 *34.82Aa
cé 309.8 + 22.52Ba 3520+5.62Ba  348.6+18.87Aa  3235+2054Bab  350.5+2532Aab  354.9+12.16Aab
c7 315.2 + 13.69Ba 3302+22.77Aab  328.7+12.26Aa  344.1+2525Aa  347.6+10.68Aab  344.8+6.4Aab

T ML BIREER TORAE W EA R F IR, 1 M2 B X A8 R B R . B4k, M1 AN M2 B S35 A P e i e 3%
FIREMT . SR, REERNA &2 R AC BAE X AEY) s T B3 50, Note: The concentration of M1 has a highly significant effect on the
biomass of maize, whereas the concentration of M2 has a significant effect on biomass. Additionally, the amounts of M1 and M2 both have
highly significant effects on biomass. However, the interaction between concentration and amount does not have a significant effect on
biomass.

PG EEA AR oM, i B AT 302 I E (E R AR . 18] 4 JFoR T AN A AR B oK™
BHRM. K da A D, MLEHERARSEHEKR™E. ALHET, BEEKREHEN, £X~
B N, W C7 I R, A% 11081 kg-hm?, # CK S Hhn 7 12.33%. A2 f1 A3 FI& T,
PR A 3G i RIS R . RSN A2 INPERTEIREEN C6 Rk m, MR A3 I E R
FEWRIE A C5 R e, 414 11 578 kg-hm™ Hl 11 647 kg-hm?, & CK 4351 523 34 0 17.37%71 18.06%.
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TEWREAM RIS, BEE ML SN, TR R EERETE . WA CLf C2 i, IR FHE Y
T AR, HES CK LR E 2R, W N C3. C4. C5 i, A2 Fl A3 &K P E N T r~&,
HI7E BN A3 I P B K, 70 B8 11 02911 247,11 647 kg-hm?, % CK 4> B in 1 11.80%.14.01%.
18.06%. N C6 1 C7 Inf, A HESREEIN T /=&, FaleftHERN A3, F=&5r ik H] 11 618
kg-hm? A1 11 389 kg-hm™?, %¢ CK 235367 1 17.77%AH1 15.45%.

Kl 4b BIR T M2 fEARFRREEFAH A T X R BRI M. TR N, =MEEHE T, FoK™
I BEUR L (1 0 S S SRR kA . FIECN ALIRE, PRRAEIREE C6 FiAFIHA, v 11499 kg-hm?, #;
CK EE#Em T 16.56%. FE N A2 Fl A3 FHER, TR EHFEIRE N C5 MHUF K, 508 12 405,
12 572 kg-hm2, 43 %il%: CK B0 25.75%. 27.45%.

TEWREAM RIS, BRI CT 241, Bl M2 FEMIEIN, FoRFEHA RN, KE
N CLIE, A2 it A3 FE R Z 1N 7 Tk &, MEN A3 i KN 11 015 kg-hm?, # CK #2551
11.66%. KN C2~C7 I, M2 EARFEFE RS EERE 778, A RN 11 193 ~ 12 572 kg-hm?,
5 CK N T 13.46% ~ 27.45%.

c4
a) P b) - S
z 2 2 g2 z 2 2 2
o
S £ = 2 8
g 2 < 5 g3 8
% g Tord 4 ? wanae ®
& v Ty 1 &/ oy L P \&
, pe Y, & S ®
4 6300 4 %, LA i 2
& ey, S
4, y @
4o %y Ao P>
8 pe
Ca )
A3 Abc— M1 —Ba A0 A3 Abc M2 —Ba A0
a2 AcdeT —Aab AL A2 ABbCH TAa Az
N ~4q Q goc™ ~4 @)
c2 s 5 “‘a a 4 /e c2 Ry X - b YA
. P 2000 R 5 2000 a4y
s 4000 43 po 4000 43
6 000 6
b 000 5
Sy s $ ' %
v e . 83 Lol 8000
I g Ir
T L = [10o0 1 % ¥ S o [0 %
> < R S 3 B
v 12000 % © ) & Q b4 2

& e % v Yoo 12000 :3% v

53 e sy ‘:% &? o ’%
E: Bas B b AR ML AT M2 FEAFEREZRATR FRS &, RSOy KRR MR, HEAR. KE7HRR
WEAMFE. AR, AR ZESEE; NESFARNAEMEE. IREARFF, 4 ZzERE% (P<0.05). Note: Figuresaand
b represent the yields of M1 and M2 at different concentrations and amounts, respectively. The bar chart of the same color indicates that the
application concentration is the same and the amount are different. The uppercase letters indicate that when the concentration is the same and
the amounts are different, the difference between the treatments is significant; the lowercase letters indicate that the difference was
significant (P < 0.05) when the amounts were the same and the concentration was different.

4 AN[RIREFEN FOK )
Fig. 4 Maize yield under different treatments
26 RMHRHEERN“BURTERE, HES~EHXA
i 4 AT LA ML AT M2 O ORI . Y IR T X AR E B R AR, K5

XML M2 78\ PR B IR BE R 204 (C5A2. CBA3. CBAL. C6A2. C6A3. C7AL. C7A2.
C7A3) NEKEMAT 7. 45RER, EMFEREEARFT, M2 fE 308w T ML
HFAEIRE Iy C5A2 Al CBA3 415, M2 ({7 B M1 733l i % #2 =1 10.90% A1 7.95%. [AIF, K5
WREIR T AR RHEASF AR B KSE R B 828 0T ML T, H B AL C5A3 ALBH/K-F T e,
iK% 11 647 kg-hm2, 5T M2, HiAE C5A2 F1 C5A3 [{IALFE T = &8, 42514 12 405 kg-hm2 Al 12 572
kg-hm?, ST HAb AN,
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FEEIIR LM RIRE . RS2 DRI MEN . B i s R AR RS P B AL
fFrkads, E2RERBSEM TX™ =R E R 8. K6 M2 sBIHZHrE R TR, M1 AT M2 (1)
WS X RO B B, BRI S, WA ML, 778 60%[A8 57 v 3 1 5 A H & 1) 7K 1
SKAARE, T M2 1S [ 94 B A /K P RE MR 7= B 419% 10748 Sk o IX B ML Al M2 X 77 & (RIS i AR FE AN
[, JFHX R 2 A 23R FE A4 R
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Fig. 5 The yield of maize under certain concentrations and amounts
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Fig. 6 Regression analysis of different concentrations and amounts of maize yield (a. M1; b. M2)
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3.1 WIRARBERKMEMRINES

B (FA) MEEIR (HA) TR EEEE 0, SRy K. Rk, kst
TSR WRRPU AR R R ES U S R RN . AR, FARS TEEN, BB
FHERAEE TR ORI 1 HA 2 FEEOR, EEAEA R NsE Hags i, 803 m KRR e
BEAP, MR 3TTLIE H, A0 TACHEERT ML A M2 724 T RFEIIE. 5 ML AL, 0 TALEAEE M2 #
(R PR B, I FA SRS, % A2 T in Lk fE e, M2 SR EL4L % Hu
Wbk, RN, B0 TFRERMN HA BN T 5T EB/NG FARY, SXATRERE T M2 (AETE,
BN T XRHEY A R . B ASIE R E HA B S8 (PQ) 107 5 55 FEL o 8 e AL R P ) — AN 22 B4
R, ML PQ T M2, RW ML (M RALFEE B, SWE R, LI ke e v wsmi™, gk
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b, CIH T CIN ELAR o S s AL AR RS (0 B B4R b, SE R MEDR K, o P AL AR Rl e ), 38 I sl e
WAEFA. M2 ) ERECT M1, #— P38 M2 AR RIS, X5 PQ 4R —. &
MEZ, MTAFSAT ML AT M2 (5T ZH A, AT AT RE 2 e A TP R A AE K5 THI R R

I F BT L2 R KL (B 2), RTDUR I M1 A HDRE AN 2 (s e 1T, 230 A S ki AR,
XATREE T ML K FA A1 HA BERRZE S 1 BRI T4 45 8 —ite2Y, JF H Hu S B . M2 T, M2
T B R« SR BOHRARIR AW, LR 2 T JE 4 LA £ M T 28, S el S5 LR B R AL BN
ST EBUNMYFA, 1 BJCEASEEEA S Hu P, 78 FTIR WS (& 3) w, A DAER B — o0
(R AT I 2 A 7 A8 4k . M R M2 BRI #E 3 414 ~ 3 423 e S L 9 LB T /N0 3, AT RS i T
Tl —OH ME IR R AR AL, X AT RESE H T4 3Rl fb 22 AE F 5 R 5 /78 4k, G M1 Jin T ad f e
() EE Y L) S BOHE 4 ST, 110 M2 RN T AT R K A A B AR AR Ak, AT S T R 5 i A A
£ 2921 ~2922 cm JE R Py, M1 R A M2 SSRGS, 22 N Ak R T e n 7 AR C—H &
R, X ATREA T4 H 8 ) SECE S KB iR 45 W 5, sl AL A B A8 T g e 4 P2, 75 1
617 ~ 1621 cm™ JEHE M, M1 (Mg IR, K M1 ATRE S T 2 1005 Hr M s AL £, X TRt
TN TR0 G B A 4 ) It SR R S R IR A R T, 4 ML SE MR AR . TIAE 1 034 emt At
M2 [R5 B A ML JRRES, T A2 H 0 Tt R v 22 ol A R R b 4% PR 25520, ez, W RRE
RFEA AR B REA, DR AT e X b A BT LE AN R s e, AT SE IR D IR R AE S R 4L,
B R E AR K
32 ARIREFMAERAREIERKMEM R ERE KIS

JE§ B R A R AR IR R I AL G 4y, TS MR I A B R L R RO A K, AT R e 1
Wy P, ARHE T A FR AR M1 5 M2, WS T ToRRRAE bR B A A
o FRETIH, SRR FEREERAER M1, M2 AbEEST TR RR bR R I8 — e (£ 5), {HIXFY
Wi AN, RIITERE R KT, ML R M2 5 FORAE AR B (R A B 52 BR, 35 B 6 Kk v PR 3 K mT R
FIE R AU, AT e R 32 3L [ B S DR R (K2 ), T 25 O it Y T3 55 X R AR v 4 S
IR AR THFE RS ®.

TEAEW)E T T, M1 ORI M2 BT AEAS [FIFE R R38N T TR 0 &, JCIH R TE sk B A3 T,
KM TH CK FBEZER. HE 6 1A, AR HE T FKREER APk 2 5 ORR 1R H A
Wi M1, FERES AN AL, A2, A3 B, FOKFERR A EAEIRE 7378 C7. C6 Fil C5 ik 2 K.
X M2IE, FFERIH B ERRERERGm, AaEigbitnm, HACRTER SN A2 50 A3 I 54
S, UHRLE C5WIET, AMENMINEAEE . TN RN, B e N, TokEY,
HRAECASE (R (0 A W B AT BT N . %45 W], BRI M1 B0 M2 J5 Rk m K2R, B K
PR AT REE RGN Fr K/ iy T R B A T AR AE R 3 I A=

FEEJITE, ML R M2 MR E R R T R (B 4, m R AR S TR, X
Al RE R UM 7y T IS M S A FE SR E R, et s SRR IR b IR 5y, TR & 975
(RO R 0L, ok P AP AR RN, e P M2 [ 20 SR 3 O T P ML 7 el (b B 5 R, 0 C5A2
M C5A3, Jitifl M1 Al M2 - BB EZR (BB, XAl LU RER: H—, M2 EXEEE
RV R B2 1 B R T SRS S 2 FROE, AITIE S T BRI AR, Rk A K&
UAA) FIFREZR (GA) IIHEAR T AR KM, FEmfst 7 TR e sefs ™, 54—,
HHTF M1, M2 FREEER. /- FREA, WIHEFKIRR L2 G8m 7 FE iR (H-ATPase)
¥, MImEdE HEgnshsin, BRI AR R, (E3HR R, F5 B SE A Ao R i+ 35
FE SRR, BRI A KR, R B =, RO A K A AR AT B
DT, TR e %, LR SR S5, ARF R, FTIR 3 B S M2 H KL

SEET ML (8 3), 5 JingB VS0 SR, 500, M2 IENLIRS ST M1, JEHREAE (R
Do KSR AT B E I . BA BTN SRR A R, TSR e & 1 B A BT
WK RS, B S AL TSR R T K 280, R ES K IR R, IR
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TER IR P IE Y, AN g, sbob, @it 2 R B, TSNS e 3Ry
T BEEAR IR 53 2K Fry IR B, S0 25 U0 A 8 AE AR X B AR

LR, WHEMLH] M1 AT M2 BESZ AT AR T TR B AE WD R 8, X mT e 5 AT B P LA DA
Ko JBTH I A58 S SRR T AR AR, IR R AR KR E R, REE IR
Wk, e BRI AR K B BT M2 PRI e o & B S, AEAH R SR R 7 e SE A R et
TRARMMRIAEA . RAE AT FOAE R A SR L ST B £ AR O 1T DA, SR s v AR b A AT R
ANV R AR T L, (RS 2 108G At — 07, e M1 AT M2 ZEAN R L3R AN S R
MIRCR . AT FH R 52 L FL A R LA 25

4 45 8

AW FEERER T B RS ) ) 2% O R SRS T R AR (ML AT M2) BRI, DL RS AL R
FEAN A F AN B 368 3 7 it P % T K A K B . ML AT M2 FEAL 22 o T B RO 45 by A7 7
2R, ML TRERSE, SHEES: M2 9 TREBAK, JEHERE RS RE . X AR EA
[FIFERE B RN 7 B E RN &E, Bal M2, ERE N 1.09-L™". H&EN 1300 5% 1950 L-hm?
TRMEBAE, PR RIAF] 12 405 kg-hm™?. 12 572 kg-hm?, 4 CK SN T 25.75%. 27.45%. %4
e AN R, H AR 1) FH SR AR 1.0 g-L 7t FHESA 1300 L-hm™ () M2,

BE 3k (References)

[1] Shen J B, Bai Y, Wei Z, et al. Rhizobiont: An interdisciplinary innovation and perspective for harmonizing resources, environment, and
food security[J]. Acta Pedologica Sinica, 2021, 58(4): 805-813. [ ¥, 17, FiH, 5. RErAdrILmrk: PRI, HEARE
LA B 53 XEIH]. 13854k, 2021, 58(4): 805-813.]

[2] Coskun D, Britto D T, Shi W M, et al. Nitrogen transformations in modern agriculture and the role of biological nitrification inhibition[J].
Nature Plants, 2017, 3(6): 17074.

[3] Jarukas L, lvanauskas L, Kasparaviciene G, et al. Determination of organic compounds, fulvic acid, humic acid, and humin in peat and
sapropel alkaline extracts[J]. Molecules, 2021, 26(10): 2995.

[4] Luo W Q, Zhao X, Wang G T, et al. Humic acid and fulvic acid facilitate the formation of vivianite and the transformation of cadmium
via microbially-mediated iron reduction[J]. Journal of Hazardous Materials, 2023, 446: 130655.

[5] Sun H'Y, Sun Y Z, Zhou L, et al. Effects of chemical fertilizer reduction combined with humic acid bio-fertilizer on soil biological
properties and dry matter mass of maize[J]. Chinese Journal of Applied Ecology, 2022, 33(3): 677-684. [#MEHE, #h L&, f28, &, b
JE ik G LR A A X e 2R 2V S A K T s [3]. AR5 241, 2022, 33(3): 677-684.]

[6] Liang Y'Y, Wang Z P, Shi Q Z, et al. Effects of fulvic acid with different molecular weights on growth and nutrient utilization of winter
wheat[J]. Journal of Plant Nutrition and Fertilizers, 2023, 29(2): 308-322. [#:4E 4%, E &, LK, & NEAD TEIEBERIT L/
R ANFRI AR IR R R [I]. RE0E 97 5 IERLEA4IR, 2023, 29(2): 308-322.]

[7] Kishor M, Jayakumar M, Gokavi N, et al. Humic acid as foliar and soil application improve the growth, yield and quality of coffee (cv. C
x R) in Western Ghats of India[J]. Journal of the Science of Food and Agriculture, 2021, 101(6): 2273-2283.

[8] Rasouli F, Nasiri Y, Asadi M, et al. Fertilizer type and humic acid improve the growth responses, nutrient uptake, and essential oil content
on Coriandrum sativum L[J]. Scientific Reports, 2022, 12(1): 7437.

[9] Tyagi J, Ahmad S, Malik M. Nitrogenous fertilizers: Impact on environment sustainability, mitigation strategies, and challenges[J].
International Journal of Environmental Science and Technology, 2022, 19(11): 11649-11672.

[10] Yang M H, Zhang L, Xu S T, et al. Effect of water soluble humic acid applied to potato foliage on plant growth, photosynthesis
characteristics and fresh tuber yield under different water deficits[J]. Scientific Reports, 2020, 10(1): 7854.

[11] Selim E M, Mosa A A, EI-Ghamry A M. Evaluation of humic substances fertigation through surface and subsurface drip irrigation

http://pedologica.issas.ac.cn



+ gk
Acta Pedologica Sinica

systems on potato grown under Egyptian sandy soil conditions[J]. Agricultural Water Management, 2009, 96(8): 1218-1222.

[12] Lu R K. Analytical methods for soil and agro-chemistry[M]. Beijing: China Agricultural Science and Technology Press, 2000. [ 13,
OO IMY. JEE o E AR R L H R, 2000.]

[13] Xu J S, Zhao B Z, Chu W Y, et al. Chemical nature of humic substances in two typical Chinese soils (upland vs paddy soil): A
comparative advanced solid state NMR study[J]. Science of the Total Environment, 2017, 576: 444-452.

[14] Jones D L, Willett V B. Experimental evaluation of methods to quantify dissolved organic nitrogen (DON) and dissolved organic carbon
(DOC) in sail[J]. Soil Biology and Biochemistry, 2006, 38(5): 991-999.

[15] Liu X M, Hou Y, Li Z, et al. Hyperthermophilic composting of sewage sludge accelerates humic acid formation: Elemental and
spectroscopic evidence[J]. Waste Management, 2020, 103: 342-351.

[16] Coelho R D, de Almeida A N, de Oliveira Costa J, et al. Mobile drip irrigation (MDI): Clogging of high flow emitters caused by
dragging of driplines on the ground and by solid particles in the irrigation water[J]. Agricultural Water Management, 2022, 263: 107454.

[17] Rashid T, Sher F, Jusoh M, et al. Parametric optimization and structural feature analysis of humic acid extraction from lignite[J].
Environmental Research, 2023, 220: 115160.

[18] Shen Y W, Lin H T, Gao W S, et al. The effects of humic acid urea and polyaspartic acid urea on reducing nitrogen loss compared with
urea[J]. Journal of the Science of Food and Agriculture, 2020, 100(12): 4425-4432.

[19] Luo HW, Liu C Y, He D Q, et al. Interactions between polypropylene microplastics (PP-MPs) and humic acid influenced by aging of
MPs[J]. Water Research, 2022, 222: 118921.

[20] Li H H, Zhang T, Tsang D C W, et al. Effects of external additives: Biochar, bentonite, phosphate, on co-composting for swine manure
and corn straw[J]. Chemosphere, 2020, 248: 125927.

[21] Puci¢ L, Jurkin T. FTIR assessment of poly(ethylene oxide) irradiated in solid state, melt and ageuous solution[J]. Radiation Physics and
Chemistry, 2012, 81(9): 1426-1429.

[22] Guo X J, Li C W, Zhu Q L, et al. Characterization of dissolved organic matter from biogas residue composting using spectroscopic
techniques[J]. Waste Management, 2018, 78: 301-309.

[23] Ampong K, Thilakaranthna M S, Gorim L Y. Understanding the role of humic acids on crop performance and soil health[J]. Frontiers in
Agronomy, 2022, 4: 848621.

[24] Song G X, Simpson A J, Hayes M H B. Compositional changes in the humin fraction resulting from the long-term cultivation of an Irish
grassland soil: Evidence from FTIR and multi-NMR spectroscopies[J]. Science of the Total Environment, 2023, 880: 163280.

[25] Zheng Y Y, Zhang J B, Tan J, et al. Chemical composition and structure of humus relative to sources[J]. Acta Pedologica Sinica, 2019,
56(2): 386-397. [MBiE =, KAE, WH), 55, AFRKIEE TR S R AERT FU[0]. 33274, 2019, 56(2): 386-397.]
[26] Dai S X, Zhao L, Teng Y, et al. Effect of composition and microstructure of humic acid on 3, 3', 4, 4'-tetrachlorobiphenyl sorption[J].

Environmental Science and Pollution Research, 2018, 25(15): 14656-14665.

[27] Tang Y F, Li X W, Dong B, et al. Effect of aromatic repolymerization of humic acid-like fraction on digestate phytotoxicity reduction
during high-solid anaerobic digestion for stabilization treatment of sewage sludge[J]. Water Research, 2018, 143: 436-444.

[28] Xaba S A, Igberase E, Osayi J, et al. Optimization of primary sewage sludge and coal lignite by microwave-assisted pyrolysis for the
production of bio-oil[J]. Environmental Technology, 2022, 43(5): 658-672.

[29] Wang Y H, Lu Y L, Wang L, et al. Analysis of the molecular composition of humic substances and their effects on physiological
metabolism in maize based on untargeted metabolomics[J]. Frontiers in Plant Science, 2023, 14: 1122621.

[30] Wang X P, Yang J S, Zhang S J, et al. Effects of different amendments application on cotton growth and soil properties in arid areas[J].
Ecology and Environmental Sciences, 2020, 29(4): 757-762. [0, #&hfa, Tk, 4. o R 7 2 3 IX A fe A & A+
HEME R e m]. ARSI AR, 2020, 29(4): 757-762.]

[31] Zhou L P, Yuan L, Zhao B Q, et al. Effects of single-sided application of humic acid on maize root growth[J]. Scientia Agricultura Sinica,
2022, 55(2): 339-349. [JIWA-F, 5%, MR, 5. JBFHRR OB TORAR RAEK BRI []. b B R, 2022, 55(2):
339-349.]

[32] Guo X S, Su X R, Fan Z Q, et al. Effects of combined application of controlled-release urea and humic acid on growth and antioxidant

http://pedologica.issas.ac.cn



+ gk
Acta Pedologica Sinica

system of cotton seedlings under salt stress[J]. Soils, 2021, 53(1): 112-117. [5FHi%, 73755, oM, 5. $horMhd TR R A
JEEER R AE A AU R G mad]. £3%, 2021, 53(1): 112-117.]

[33] Gao S, Yang J S, Yao R J, et al. Effects of soil amelioration measures mitigating soil salinity and improving crop P uptake in coastal area
of North Jiangsu[J]. Acta Pedologica Sinica, 2020, 57(5): 1219-1229. [}, ##h#s, WhaRIT, 5. o K& J5 b 25+ thisfng
FE YIRS AR []. £3E24R, 2020, 57(5): 1219-1229.]

[34] Zhou L P, Yuan L, Zhao B Q, et al. Advances in humic acid structures and their regulatory role in maize roots[J]. Journal of Plant
Nutrition and Fertilizers, 2022, 28(2): 334-343. [JH -V, &5w, DAFEME, S5 AR I 2H st i S F S VEPIAR 2 1 5 T e gk e [J].
TE 77 5 MLk 41, 2022, 28(2): 334-343.]

[35] Nardi S, Pizzeghello D, Muscolo A, et al. Physiological effects of humic substances on higher plants[J]. Soil Biology and Biochemistry,
2002, 34(11): 1527-1536.

[36] Nardi S, Pizzeghello D, Gessa C, et al. A low molecular weight humic fraction on nitrate uptake and protein synthesis in maize
seedlings[J]. Soil Biology and Biochemistry, 2000, 32(3): 415-419.

[37] Jing J Y, Zhang S Q, Yuan L, et al. Humic acid complex formation with urea alters its structure and enhances biomass production in
hydroponic maize[J]. Journal of the Science of Food and Agriculture, 2022, 102(9): 3636-3643.

[38] Sinha D, Tandon P K. An overview of nitrogen, phosphorus and potassium: Key players of nutrition process in plants[M]//Mishra K,
Tandon P K, Srivastava S. Sustainable solutions for elemental deficiency and excess in crop plants. Singapore: Springer, 2020: 85-117.

[39] Liu Y H, Feng X Y, Dong G H, et al. Effect of fertilization frequency on soil water, nitrogen transport and tomato yield under alternate
partial root-zone drip irrigation[J]. Soils, 2023, 55(5): 983-990. [XI5fji, MVFER, HIeE, . 20 AR X 22 B i v it A 43I %o 1498 /K 4
BF KB Ers ], 3%, 2023, 55(5): 983-990.]

( RIEHIE : PRERAT )

http://pedologica.issas.ac.cn



