2025 £ 2 1 AR a7 -+

1ERR R IEE X AN ] L IE P /N ZE KBS

M. M. Tahir" >, M. Khurshid', M. Z. Khan’ % % %% % °i%
1 BRI H BT LR A RN s TR R R T S IAEIR R wif1oKIR 11161
2 ELEE M FE R ARG O MBS ST A 4 AR 44000
3 LA IR B 5 PR A I8 230036

W OE: MR (HA) T AN MR —FELSRENTY, B EESRATRHER
B, BREAF T Ao mEw pHEH#E D E K. AFHXRETTEREFEHERSEELGETEEN
ZEKRAKETEFRKRWZH. HiRXLE Q7K 8 B AR % L 4 Raisalpur 3 X 8y 7 & £ 50
Guliana 3 X Y 4E 7 KM+, Kk 4 M HALE, EAKTL2H 80 (A4 HAKE) . 30,
60 F1 90 mg/kg +, 4 4138 % HAO. HAl. HA2 #1 HA3; HAO A3 ¥, N. P K # F & 4 5 ¥
200, 100 #1125 mg/kg +. AR B 7, FE HALEXNEHRE. # L BEERN ZRKE P H
HHEAERZFZR, 5 HAO M, HA2 AW/ E bk, RS EmTENFHHRE A, 24
K 10%. 25% fr 18%., HA Byl At WAy L = A RS, HpdEm KM P Z & KA
MNZRREAGTEAMELE, WA HABRERG TEARELENK S EE K ELEW P,
NO,-N4E. HEIENEZ, ReBHRAE (90mgke +) /A hE LK., FoRUKkF L3579
ZIFEENEER, MESEHE (60mgkg £ ) */NE A K (RI1EH FiE,

xR A RMELIE; NO-N; RoRWE; Hhe; LERS

FESES: TQ314.1, S512.1 NEHRS: 1671-9212(2025)02-0061-07

XHERFRIRAS: A DOI: 10.19451/j.cnki.issn1671-9212.2025.02.010
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Abstract: Humic acid (HA), a fairly stable product of decomposed organic matter that consequently
accumulates in ecological systems, enhances plant growth by chelating unavailable nutrients and buffering
pH. We examined the effect of HA derived from lignite on growth and macronutrient uptake of wheat
(Triticum aestivum L.) grown in earthen pots under greenhouse conditions. The soils used in the pot
experiment were a calcareous Haplustalf and a non-calcareous Haplustalf collected from Raisalpur and
Guliana, respectively, in Punjab Province, Pakistan. The experiment consisted of four treatments with
HA levels of 0 (control without HA), 30, 60 and 90 mg/kg soil designated as HAO, HA1, HA2 and HA3,
respectively. In the treatment without HA (HAO), nitrogen (N), phosphorus (P), and potassium (K) were
applied at 200, 100 and 125 mg/kg soil, respectively. Significant differences among HA levels were recorded
for wheat growth (plant height and shoot weight) and N uptake. On an average of both soils, the largest
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increases in plant height and shoot fresh and dry weights were found with HA2 (60 mg/kg soil), being 10%,

25% and 18%, respectively, as compared to the control without HA (HAO). Both soils responded positively

towards HA application. The wheat growth and N uptake in the non-calcareous soil were higher than those

of the calcareous soil. The HA application significantly improved K concentration of the non-calcareous soil
and P and NO;-N of the calcareous soil. The highest rate of HA (90 mg/kg soil) had a negative effect on

growth and nutrient uptake of wheat as well as nutrient accumulation in soil, whereas the medium dose of

HA (60 mg/kg soil) was more efficient in promoting wheat growth.

Key words: calcareous soil; NO,-N; nutrient uptake; plant height; soil nutrient

AR R R A ER 6 128 Bin] Bkt - 43R
AL A I i N R 2 — . T
B (AnKar e F&R ) AR Qe s sy
AR ) AP AR A BB, T X L A A
TR T & A B AR G R RIR S
SO 148 pH BRI A8, XA IR S
R B R RN (1 VS A P PAEAI IS o

P T TR IR X ) P - MR R e, R AR
AW B, R (JERERR A SR ) 2
TR EAE Sy, EAIGRR R AR,
)iz AR AL A [ SO, JERE R AT
T i, I E s A AR,
) H 1 P AR PR st DAk T, WA Rk, WA
PE. BBV, RGeS . BTN, REAEK.
AHURT 4 LA R i e % (41 Fe. Zn. Mn %)
F—se kgt E (K. Ca. P%) WisfvEmeg
B s AR P UL IR AE 5 M 5 A R A A1 4
HRIRC % 32 R A DG A

i L RE 4R v 2 RV P 1 7= R . it
AHYRLIVED 7 5 5 H NPK AR 7 5 2 .
filn, FEAFEKIAE P, 50 ~ 300 mg/kg B AH
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1.1 BERNRRS 2

DA B 356 30 A 1A B O b DX e Sk TR,
KW IEIE 60 Hi, RN LURERE 8] B /N s
AL (100 mL/L AR ) 403, LAR; Ik AESCE %
HH DR AESA B TGS A T TR T 2 40 °C LA |,
BfiJ5, JH 0.5 mol/L NaOH W M 4% s 147 g Ak B
W H T B T AR R K i PR S I R e v o, A
Whatman 42 5 JE4CHE T BLAS g, DA B Ak
APERE . IEHOEE KR AR BT, AT
ERH
1.2 TIERAE

BT S H BRI 558 4 Raisalpur
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Tab.1 Basic properties of the two soils used in the experiment

PRI AR -5 ey

pH (1 = 1) 7.5 7.4
HL5:% (dS/m) 0.50 0.68
HCO; (g/kg) 50 50

Cl (cmol/kg) 3 3
A3k CatMg (cmol/kg ) 4.5 6.1
CaCO, (g/kg) 152 56
NO;-N (mgkg) 0.08 0.07
P (mg/kg) 6.48 22
K (mg/kg) 88 144
Na (mg/kg) 36 42

1.3 i

2009 45 1 H 5 3 A, 7 B AR IH g 22 22 R
FAM AT H L (NARC) H AR S5 R R4 0T
50 (INRES) T EA5E 5 H (LRRP) AR
EWNFAT AL . S WRTE e 4 (5
15cm. 20 cm) o AT HWHH: A KME 1
124, B RrE T3 12 4. B E 4 AR A B
K 0 (A HA WA, HAO) . 30 mg/kg T
(HA1) . 60 mg/kg - (HA2) . 90 mg/kg + (HA3),
BEANAL PR 3 RE S, fE HAO 4L B rp, 13 &
(N) . B (P) FIE (K) BS54 200,
100 F1 125 mg/kg. MHEALHXS ZARALZ A THRIC,
IERAMEZE (JEHEBRAKT-S TIHERR) 5S4kl
wil (CRD) #ATHES. %2 300 g 1. i
4 mm i B L3, FERERRET, KRR T 280
K, A B U s 2 AT I . )N
Z A “Wafaq” o fEREAMAS RS, IR
FF 60% MURFK &R, 75 DE/K BT EEBR — R MAR X R4
—Or e AE TR, DUE RHOK B, RS
TR 53 LEAN FEAH R K 53

AR A 6 K fdt 3 H /N 51y /N T 1,

PEFIRBE N 2 em.  ZEARAE AT 1 i A v AR 4 I
B, A ZE R 75 . fefroe il e, dET
HIALH, REAORE 3 HRAhET. Wik 30 KJEEATAE
RO, WEvkm. M EESEEE (SFW) Filib I
T (SDW) o Hb EE8T 3 E R 70 “CHEFE
TH 3 KIghrit. THJE M EEE R, BARM
Thaid 2 mm G . 2 N RHPRERENE.
FESRT RO TR AR IR - R (2 @ 1) IR’
BIRIAE R, RERIEW S HEPDFE SR
20 ¢ 1, P &RV e 2 e R
B o Kl Na SR KRS E o

MARBOR JG RS IR A DA . s A
HARRWT G 2 mm G LBREDERA, B FRHET
REALRAE, FHTIE pH. SR (EC) . P. K.
Na FIAH A& (NOy-N) S48 4n. pH R H B 5
Wk, Aokl =1 1 (v~v) BIHEFW, 1
BOBEEE | h PAT R E. ECAHIE, K=
1 2HI&IREW, EAEEIRGE EIRG 1 h,
TSP 8 o P PR S (S U L S . AT R
K Olsen 12 HR¥E M E . AR A 1 mol/L ik
Ak - L= EH L (AB-DTPA) , #15 pH
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27, JREATRE, IERKIECERIE. BRA
(NH,-N 5 NO,-N) | x & fi] Keeney #ll Nelson
(1982) MIZEIRZMBHEYL, Y6 200 mL 1 mol/L
KCl 73 -+, 4 Whatman 40 5 JE 4853 € )5,
SRRV HEA TN R . NOL-N 2 5t AW i s 2
NH,*-N 5453,
1.4 Gyt th

K MSTATC 3.1 AT B AR G430, F
P LR /N #E 25 (LSD) 2 H %
(P<0.05) .

2 RO

2.1 IZNREK

I} 6 W A [ ) 2 S A R T 1 R PR AN A
TN R AR EIR AR R R LR 2. S
Wt B, (ERR A B rE T
EETESS, ASF I REAERRA N VR . B
b8 (SFW ) Al BT E (SDW ) ¥~k B35

M (P<0.05) . [FIFE, FEA[E SR AE IR AN 112
Al NFERRE . SFW Al SDW (- F 35 E th = B
WEES. R, FENRRW R TR 3 A
I (HA x 138 S AERKSEOC R E R0 (P<0.05) .

M2 nJ 1, FER R L, it 60 mg/kg
(HA2) JEMERR Y6 52 B /N2 Ak e A b ik
H, Hig s HREER (90 mgkg, HA3) XFHifl
T N AR AT FERR B R . A P g
Ma, HA2 Zb¥ (60 mg/kg ) WIFEE (302cm)
Mo bRt (3.1 g) M EERTEE (0.7 g) ¥k
Pl KA. MAEEA KM T3, HA2 Zb 3
R E (4.3 g) IR EEKAE; HA3 K
(34.4 cm) Ffildth BT EE (1.0 g) iR RHKAE.
MOESE SR, HA2 Fll HA3 PRI SE 340k A,
45 A 34 ) SF- 22 . 5 s TR EE M R IK B i
5o THEOAN N AEK BAT WA N (P<0.05) ,
AR N bR (33.1 em) . Hb BEREE
& (4.1g) fil EETE (0.9 g) MTIHEEEE
A E

* 2 BERNARMEMIEARE LR N EE KRN

Tab.2 Effect of humic acid on growth of wheat plants grown in the Raisalpur (calcareous) and

Guliana (non-calcareous) soils tested

HA AT B (em) Mo EEREEE (g) M EFRTHE (g)
PR/ i | P S/ A PEY/ i S | Y S/ i b O PEY/ i A i | Y S/ b O

HAO 27.3¢ 30.1¢c 29.1¢c 2.4b 3.5b 2.9b 0.6a 0.9ab 0.7a

HALI 28.9b 32.8b 30.8b 2.8a 4.0a 3.4a 0.6a 0.8b 0.7a

HA2 30.2a 34.2a 32.2a 3.1a 4.3a 3.7a 0.7a 0.9ab 0.8a

HA3 29.9ab 34.4a 32.1a 2.8a 4.2a 3.7a 0.6a 1.0a 0.8a

T 29.6B 33.1A 2.8B 4.1A 0.6B 0.9A

HA * * * * * *

13 * * * * * *

HA x 13 ns ns ns ns ns ns

TE: * FORAE PO.05 KPR FAP/ NG PR FRRRLE P<0.05 KT FEFAEE; F— KRS 7 REARF R

ANE P0.05 /KPP EFRARE; ns ForAE. M.

2.2 EYMIFNEFRTESE

3B AR, PRI it AR R /N2
RPN AT 3 (P<0.05) o JEAE
e 3 60 mg/kg I, 1 Nk T HEREAR N 255D
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(90 mg/kg) T K AN &Rk, FEAN A R AR A AL BN, b 3 b K &5 5

SR A IMERIAR A KA P Al L SR A B A, TR E L NCRT P R
JERARR A N St B F 2 (R3) o 78 BRI A oA 3 R A 52 1A AR N 5
HA2 AEPER, 4% N & Efer (18 ghkg) o FIFE, ISR

* 3 BAERNAKRMEMIEAREDIEDNEERT S S BN

Tab.3 Effect of humic acid on nutrient contents in wheat plants grown in the Raisalpur (calcareous) and

Guliana (non-calcareous) soils tested g/kg
K N p
HA /K-
PEY, S | Y S e O PEY/ i S P S/ B S ] PE), A | Y S/ e B

HAO 3 3 3 Tc 12¢ 10c 2 3 2
HALI 3 3 3 11b 14b 12b 1 3 2
HA2 3 2 3 17a 19a 18a 2 3 2
HA3 3 2 2 11b 14b 12b 2 3 2
T 3 3 11B 15A 2B 3A

HA ns ns * * ns ns

-3 ns ns * * * *

HA x 13 ns ns * * ns ns

2.3 LIRUWFEM AT IRE it oA AR W, A [e) JE AR R 2 %) g ol - 3
WORR 5 W Rl S AL VE BRI SR M AR A KOS R )T A W B (P<0.05) , T pH A
W 4. ECHTum &M (K 4) .
* 4 REBRMARMEMIEARMELIE oH, EC{EM K BRI
Tab.4 Effect of humic acid on pH, EC and K concentration in the Raisalpur (calcareous) and
Guliana (noncalcareous) soils tested
pH ECH (dS/m) K (mgkg) P (mg/kg) NO;-N (mg/kg )
e Elaa] Bl BB Bl BB
A W e ey B e ey B en e 006 e e 16 e e
+ + + + +

HAO 8.1 8.0 80 026 022 024 98ab 113ab 105.5ab 11.8 7.2 94 0.6 0.6 0.6
HAI 82 7.1 80 022 0.19 020 103a 115a 109.0a 139 73 106 0.6 0.5 0.5
HA2 8.1 7.9 79 024 021 022 95b 108bc 101.5b 13.0 7.8 103 05 05 0.5
HA3 8.1 7.9 80 024 025 024 95b 107c 101.0b 13.7 8.1 108 0.6 04 0.5
] 8.1A 79B 024 0.21 97B  110A 13.1A 7.5B 0.6A 0.5B
HA ns ns ns ns * * ns ns ns ns
R * * ns ns * * * * * *

HAx 13 ns ns ns ns ns ns ns ns ns ns
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7E JE A7 K P 3 R, HAO 4 BE pH b 8.0,
HA2 JbHFRARE 7.9, HAMBEER AR E, &
e R AR (HA2 Fi HA3 ) Xyl L3 vy
K & a8 IR A KPR A K 4
W, K A &4 ) HAL AL BE A 103 1115 mg/kg
FEAE] HA3 AL PRAY 95 Al 107 mg/kg. Wikh 3,
HAT b3 K & w8 s, HA e ko 5
) K & (115 mg/kg ) B35 & T 0 K115
(103 mg/kg) .

it FH RS MA TR B 5 3R i 7 I K I o (3
4) . MR FSERIE HAL ZLFR N I04S i K &
(109 mg/kg) o TIEARAN pH B AT W3 5200 .
SRV SEA L, AR A RYE T3 pH BRI .
JEERETR FH e FN -H HES AR ) 58 HLAE F O Ak I
MK SRICEF R (P<0.05) .

Jit FE AN [ R 2k 19 5 L TR %o 4 38 v 1 P A
NO,-N SR JeREMm (K 4) . iMHEHERE,
ARNE L 3E R P A i N HAO AE PR 11.8 mg/kg
Bahn# HAL AP 13.9 mg/kg, HZE A BE.
TEARA KME LR G R . NGk
JERFE, JEAERRX P A NO,-N & & A . 44
M, Wik 8 P A NO,-N & B A7 i 35 72
Sto TR MNELHEA, PRI NOS-N & i3k 5
RAE, PIME S 514 13.1 A1 0.6 mg/kg, JEAEER
FH LA A 4 A8 BAE RT3 50 Vi TG . 5
(P<0.05) .

3 ¥hig

3.1 IhNREK

AHFFE A, it R R R R T A KA
e Ve L3N A K . A A TR A R AL
P RYE I 60 mg/kg (HA2) B/
PR A BBt . FES . S5 A AR
BRI (HAO) Al H, HA2 RbPEA/NERR . Hb
EEEE AT E (PR IR SEAE ) AR X R
I3 BN 10%. 25% Fil 18%. Jiti Fi 5 A 1% Xof A 40 A
KA ECE AL CAFT R SCHER P A 08 . ASHFIESs
REW, PSR SIEMEE (60 mg/kg) R/NZRMR
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AERAERLT =k B MR (90 mg/kg, HA3) ,
S R ERORAY (£2) . XEEHRE Lee 5
(1976 ) HIFFE45 FAMIMEL . Malik 55 (1985) il
TEXE B /NEZ A K a N 54 mg/kg JEMERZ, fiE
BERNE R A PR A, ST K
Y RNFESFIRULRE ). Tan %5 (1979) N, EhE
M JEHE R A AT FORAERR AR R A B3 . 2R
Ifii, Pilanali % (2003 ) W52 &K M, 764 KM T 5
HiH 400 kg/hm? JEAEIR , b BLARAE K ARSI
BeA i,

TN AR R B3 . B R
INERIL kS . M BRI TR, HA
ARNE LSy I T 13%. 46% Fl 41%. HIL,
TEA RME T HEHOUER B B) /N AR AR KIS LR
FIRE S AR UL IR B RARTCOC, MinTRE S 4
DME S H SRR AL A PRt G . Mengel
F(1982) ME, LIRS R, Ca¥
WP . pH R K PE IR AUARAE, Frf kst
BN ZIL A FBER R RAL, 2RISR T A K
PP SRES I, SR AERKAR,

3.2 EMIFENEE

FF T IEORE , AN [E SRR F R /N
ZMMR N SRABFERW, mxf K AP &R
TR (%£3) . 5 HAO M EL, HA2 &b P4 bk
N SBIERE T 76%; 5 HA2 ZbFAIHL, HA3 &b
MR N SR AL T 38%. iSRG N & &
FISE MR B T - R AR AR, T P AR A
JE R IR B T B . RORFITRI, SRR I 3K
Bt A A AR A A SRR 5 RV . A,
TG JEAE R A UG AL T3 i A anfal, HAE FIRK
R PR R WA AR, Tan 55 (1979 )
BRI 4 21, Horb Ko JE A R A it i S 7 o
%%, Escobar 55 (1996) i\ A, Y EFRITES
AR T 78 R /KT, I it 5 A R oV A R i
IR W RBCRIFR 22

FRVE LR A P S N R T
JERETR W B #E Ca-P RTH LASMOH M b 2R, #
e K L3, MRS YR RE S P Z
TR <5 S A vT BEHRI T FAIK PR E A A i 7
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e KPR N, P A s A K+
B R 29% A 47% (223) o JB5HE R 2o 1 5
2 A B T O PR AR T SR ORI R . XS
ML B ] e (e 2 T3 2 5 N LA P R
MR AR ARG Y, (Rl e A AR % N P
FIER . Liu (1998) 78 & B0, it A MR I A
SRR RE K S,
3.3 TIEUFHRMFNRKENTK

AN TE A HUR TG HLRE R T 7E 3 S A 7
R HY, 2 fili L3 pH I8 TR, AWF5EARL,
Jit ) v 45 P ek R 1 PP B Y pHL RN EC B
TCRE TR (K4), 100w &0 A R R
AEf P A 3 pH A1 EC {8 B 3% P4 K. Sharif %
(2002) BFFEUERH, FEHEER FH &R 50 ~ 300 mg/kg Y,
T3 pH FEA% 0.2 ~ 0.3 N AL, Kutuk %5 (2000 )
KB, 10 CaCO, % 5N 8.2 g/kg Wy T 3E bt A
2 gkg MEHER, i —NMAKFRE, L pH
BEREC. AUFRY, AR H O IERE
HA1 (30 mg/kg) H1 HA3 4b ¥ i K & & 5 HAO
3%, HARA KM T3 K & 80R b vk 14

B 13%. SR, A RVE L P AIASAS N & &
W (% 4) . Inskeep %5 (1988 ) Fil Grossl %5 (1991 )
WS A B, TEA KNk -3 i F R AR IR 2> B2 = i 1)
WRE, RO ERIR T Ca-P i W DTTE 3 %
fif Sibanda 55 ( 1986 )58 &L, LEAEA K IE T,
P 5 HERR Z (R PR S 23 BEAIK P 1Y 5 2t

4 ZEip

EASTERIA R, AR I Y 3 R adt 1 A7 Kk
AR S N B R RN FR PR 1 25
FAEFRW, SRR RRRAN EE , e P e P A
BRIFASRE W (LA AN SR WL, A, it S
MRS TR G H 3 i K5 R, X BB
FERR AT T PIRD S N AR X

SEHk (B8
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