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(T3) B = HE RIS AR (T4) AL 5K Z IS A ER BL A6 (TS)O AN . R IE R B L AR R 2R A
KEAFOH B RVERNKEEBAREERS T LESKE REERT LA, B & A58 0908 & %)
MA BB G R 0938 2 Mg K, T4 IR ERERS,-FHAH192%, 5 CKAL, F+ 2L 30%; & 4832 1A £ 3
AR Z £ 5+ 2 (P<0.05), /£ 0.97~1.28 g/lem’ Z ] , J K /IR B A CK>T1 4 3>T5 4 #>T2 4 32 >T3 4 32>T4 4
W, Wfefeli R BB A AT ERGEK ML T, RS AR LA A TILE 2 RMEARE G IEH, T3
WM B R, TN 3293 cm, 5 CKABL, 3§03 14%, TSR L&D, FH43.03cm, 5 T3. T4 EZ £ F 1R
2F,HEFSH T AL RZP<0.05), T34 TS5 & ZIF4 =2 -FH A 11 077.5 kg/hm®#= 11 371.5 kg/hm®, 5 CK 48
b, 9 H13E Ao 16.8%F2 20%. L4816 147 & 7T W, A5 & 2256 I HE A AR BR 3 L A M R AC 3] — % 2 & 3R, A A
FEAGHGERLE.
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1 MRE5RE
1.1 R XAIHEER

PRIGAE B VLA LR 22 B PR 43 Bt 156 2 b (A6 45 46°40" . 7R 48 125°14) 47, il B8 X & T H il K
Fli 2= Mg, BFE TR 2R EFESREZ W KRR, £ FEREK. FHRIR33 C, &R —
B I 1 H, 8-37.2 °C s Ul — BHBAE T A, 4 38.3 Co FFEIFERR /KR 426 mm, FFEKIAIZA K &
9972 mm, B KR FIRBE2.14 mo HuFAAH XA, ORI I, 338 2755 1 1 AR ER AL , R Rt b IR R 52
B, TS BONTRE, W AW IR AR
12 IR 5t

A FE R H ) /N X3RS, AEURE 2% JE ML S (Coal Humic Acids, HA) KI5 T S VL 48 & b -EL gl 8 JE R
MR s R s AN S A 8L AR (25 N P05 KO L& FE N 28 1120100 s AEW A FOKR G- S . 335) . it
T T SRR S T TR (1) B A B a0 R 1 B

A AR R A R B 7 ER (HAD 69 2 A MR

HEECH R AR /(g em™) HFTRF K3/ % 5%/ (ps-em™) pH1E
445 1.28 37.5 102.9 8.74
HA 0.43 79.1 85 5.03

RIS IL B 6 M ALEE, 23 518 : OXF B (CKO , ANt IE - AN it 55 B R s @) H it Ak IR 500 kg/hm? (T ; @K & Ji§
T2 , i & 25 000 kg/hm*(T2) ; @ & JE L , it & 50 000 kg/hm*(T3) ; &) & & 2 , i & 100 000 kg/hm’
(T4) ; © AL JE-+HI% B Ji HE FR O it , it & 250 kg/hm™+25 000 kg/hm*(T5) . 2017 4E 5 7 Ay & Fh L2k , $F b
T4 R T T T R A I 3] S 4O T AL /N X, BRAT AT PR, P AT PR EE N 65 emx25 em, BEN /N X R
528, B A AR — SUH 8] BB PR A A . D XOME I AR 17.5 m* (5 mx3.5 m) , & AbHE Y
HE 3N
1.3 MEMBESHZE

TE ERAEY) 78 BIPIRT (2017 4 10 H 18 HDSRAE S A1) T IAEA R E N 0~25 cm) , [ RAE FoKAH
PRFEA .

2 T3 A K F GREETIED, 105 C HIBEAR K LA 6~8 h 2 4E T &) IR & (B 3L )
PR IE DA 3L RN -39 — A b CRPY A A SR TR R 23 T

N T KR AR (R R e B 2R 3 SR E MR TR bR, AR EAR A it S K sk T e B T
105 “C1E T4 8 75 30 min, 2 J5 B 4 75 C oL 2218 5 500 T 900 i, FER IO A 26 1 AUURE V)
SE R KK RLI T 27 &

1.4 BIEGIT 5k

FRAF IR B 1)K F] Excel 2010 #E47 %34, 1| [} SPSS 20.0 #E47 5 %4 M7 , is ] Duncan 3 & % 2 12

e a8

2 HERERH

2.1 AR HIES/KERNE M

M AEKE TR B A K, DB TRREERMEMNAERKKE N T RSB 8 RS o,
ME 7 RIS KRG R, S5 R R 2 R, 3R 2 a0, T4 Kb T3S /KR s, 48 19.2%, 5 T3 db i 7%
SRR, B ST H AL (P<0.05) , 5 CKAH L, F+ B 30%; T2 FI TS AbFE 2 (6] RIS /KR EZ R AR
2 (P<0.05) , 144373 N 17.6%A1 17.5% , #1553 /5 T CK A1 T1 AEE (P<0.05) , 5 CK A L, T =i 18%; T1 &b
T I 5 K REAR, TN 13.0% , 5 KT H A AL (P<0.05) , 5 CK AR L, BRARIT 12%.  F it a0, it A
R JE3 FELIR e 4 vy 338 B /K e iy R — it P A A 43 S K &R A T — E BRI, 1= B TR A IR B &
W EBELAS 2 LIS B 1 RIF I ERIK RICR , A A WRR (17K 7 S 18RI, /b 1 28R 9 v 1 LI &
K T A AR AR 7R W K S A I R B v 7R, 0 K G (7R R SR AR T R K A B OREE
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2.2 AEACIEF HIRAFREMFLIRE RS20

- A AR o R R L R R e e A A R (1 EE R A, AR RS B K | FLE N U - R A R A
szl f R 2 WA, MR AR TR B AR 0.97~1.28 glem’ Z[A], £ AT [R] 2 22 B 2 (P<0.05) , Ho K/
I R CK>T1 ALEESTS AbFEST2 A FEST3 A HESTA AbHE . 5 CK AL , - 3R B 5 5 FAIC 7.8%~24.2%, +-1%
FLBR B AE 51.7%~63.3% 2 ], [ T1 A1 TS AbHE 72 7 AN 835 41, oA b B () 35 7 7 5. 3 (P<0.05) , H K/ fF
N CK<T1 A H<T5 AbFE<T2 A PE<T3 b3 <T4 AbHE . 5 CKAH L, FLBREHE N 7.0%~22.4%, 45 L] UG H
Jit FEY R T 1 R A RS 35 B o) 3988 31— s IR VR P T it P O R 5 L P 0 4 338 () i P A FH 2 L LR B
IR S (2R S K A Bl T AR S I T M, S K, NI /K B 22 FLAHR S5 3, FLBR IR /K B 7 e T B2 A, AH
Yo 1 AR T B AR P IR I 78 AL £ , 845 R IR T B AR, FLIREE I N, I A P43 DL

2 KRBT 20 KE ARBRFE AL A

b7 FIEKFEY% TR/ (g em?) IR/ %
CK 14.8+0.5¢ 1.28+0.01a 51.7+0.22¢
T1 13.0+0.5d 1.23:0.01b 53.6+0.21d
T2 17.6+0.4b 1.06+0.00d 59.9+0.13¢
T3 18.4+0.4ab 1.00+0.02¢ 62.4+0.14b
T4 19.2+0.4a 0.97+0.01f 63.3+0.13a
TS 17.5+0.3b 1.18+0.02¢ 55.3+0.12d

VE AR RE R IR A B (R A B 2 22 7 (P<0.05), R

2.3 R 5= AL AR T

R RIAL B e = A 2 P 1 . LT A, 100
15 CK A HL  T1AREE BN M S MR SR M IR |
HI AT § SR A TR T A o MR O S WG, A

AR BEAC, AR W AR T AT LA B 2 [
SEBERB BRI (0352 AR 0 E SR8 E . ] ao |
B TARR TR AR AR PR AR % , (L e s s .

BN 2T, MR T LB, e R FEAR T ERR
ZAISI R RIS MK R BRI RS A o

CK T1 T2 T3 T4 TS5

K AR ORI S ORI » DRI ARE5 J8 FEL IR 8 ) 22 /388 fhsE
AR08 i o 175 10 PR b ) B, TR Wt P 4 RE SRAS U R S AR RV NOPIS: B R

2.4 FEREN EREKE BRI

AN 7 A FE 56 BRI TR R A K R B B2 B AN, 45 SRR 3 Fion . IR 3 AT LA H, CK Ak i
1%, 7 %1 9 286.7 cm, & 3K T HoAth 4b 3 (P<0.05) 5 T1 AbFE bk 5 BB 35 5 T CK, A 8 256 T Hof b B (P<
0.05), 5 CKAHLL , i BE 3G 03k 6% s T3 Ab BE Ak e B = 13928 329.3 em, {H 5 T2 T4 T5 Ab B 22 e AN 2. 3 (P<
0.05), 5 CKAHLL , i BESG NI 14% .. AL () & B2 K, CKARAZ & i A1, ~F 3908 94.3 em, & 1L T HoA 4b
T (P<0.05) ; HoAth Ab 38 2 [A) FEAL i 25 7 A 2 35 (P<0.05) , £ 106.7~116.7 cm 2 [A] . CK ZXH A%, T2 A
2.27 cm, B E KT H AR AL (P<0.05) s TS Kb B 20k ey, 378 3.03 em, 5 T3\ T4 AbHE 22 R A3, A1 B35
T HARALFE (P<0.05) . MTKEERRT PR RRFE , UL T4 AP i =, P 380K 390 g, 55 T3 I TS b BE 2 7
ANEE,HEE ST HALGE (P<0.05) ;s T LB IR, PR 367 g, 22 = T CK M T2 4L #E (P<0.05) ; CK
T2 A FE 53 5 P 280k 316 g fl1327 g, Z 7 AN B35 (P<0.05) . F I ] DL, Ak AE RN B 5 18 5 R 440 A1 T 1
WA AL R S & & AR IR 65 B IR 56 ) T2 3k T R AR AR 38 v  BAEL , A5 % 5 B R I P - 338 11
RS A 0 I PR, 48 FORME R K35 R AT o

%3 TR T RN AR Z PR

i Fi/cm BT E/em ZHl/em AR T VIR A/ (g R
CK 286.7+8.8¢ 94.3+£2.2b 2.27+0.10c¢ 316+6.7¢c

T1 305.0+7.1b 115.3+4.8a 2.63+0.00b 367£1.9b

T2 319.3+0.3ab 110.0+£3.5a 2.70+0.10b 3274+3.8¢

T3 329.3+5.8a 114.0+1.2a 2.90+0.10ab 382+6.8ab

T4 322.0+5.0ab 106.7+1.2ab 2.77+0.00ab 390£0.9a

TS 319.3+2.4ab 116.7+0.9a 3.03+0.20a 379+3.9ab
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2.5 NEIEN FRITFR~ 2T
AN T Ak FEEAGT e A T KRR B Y 5 e 2 AN [ 5 R

12000
w2 Fros , B A [R] B R O A R TR) 22 57 38 3% (P<0.05) . " 53
fh 8 2 T 1, TS A AR A PR 11 3715 kg/hm's 11000 | 2 —
53R 2R RRE, A EE s T HAb 4 (P<0.05); 5CK £ c

HILE T3 1 TS 4 BLFFRL= 4 BT 16.8%F120%  T1 4b £ 10000 | d
HURF K 77 Bl 10 936.5 kg/hm?, 5 3 5 T CK. T2 A1 T4 4k 3
(P<0.05), 5 CKAHLL, FFRL = 38 0 135 15%; T2 1 T4 ib 3 2000 ﬂ
FR = 822 AN % (P<0.05) P #4359 9 960 kg/hm AL 0 J L
10 177.5 kg/hm?, 5 CKAH LW, P9 35 ¥ 0L & 73 ) 38 i 5% A1 ck T T2 T3 T4 TS
7%, I TT AL, 30 AL 58 B R R 4 5 KK 49 - mwﬁiﬁﬁ%
FeE, AAEMIE— AR SER R T EMRAERKKE . B
P AN 2R R OB AR AR B AR 2 MR bR, R R KR b = B s e R R 2 — 1, KA
PRAAFAL B 5 ORH:, SE 0 T )5 B RL IR 78 S 135 , b2 98 v R} 2 3 8 b it P OO Jo L IR , {6
15 SR BRI A P O, AR T M B FOKE AR AR E L BUE R R B 15 DU E S
3T i

A A B G T R e - SR ER B K SR 203 T AR TR B B SR T R R, ki
WA VEMI AR K, RIS /K E 1) 2 /b B i IR EM M oK BE 1™ . AHIE SR B, it F R Jo AR LA S I
FIE T SR, X G RT AR TGS RO, [l R S A R T R A 2 S KRR
Permr, JUH: = B A R (T4) A R AE AT 3 55 /K 242 i 30% , ST R it A0 A (T D A BRI - 458 57K R 1)
PeTto X2 AL T HER A R T4 I A KR IE R AR o B3 . TR R AFLBUEE R
THEEE IR —, 5 IR BRSO R Y, i R IR K IR R ARGE R R S I E AR &
AR AR K20, 1) B M 2 S A i B RN SRS T AR Ak, A I 7T 2R I S R S T B B B A,
DR L PE AR R B/ S FLIR P K I 3 AR 2 S SUAR AR o AHIF F0 3 B, i P IO 5 T TR o 35 BRI T T3
AR G T LR L, 5 CKAR L, 3R ot 5 PR AIK 7.8%~24.2% , FLIRFEH N 7.0%~22.4% , X - 35 EE 3|
TR AA SR o it PR FE TR S T I A [ g5, U T R RS A AR R L £ 1S
B B K R AR AR RS (B D) o PR AR R (T3) b AL AT 5 78 B R T it (T'5 ) Ab 4 6 Kb 18 72 2%
REINEE, 5 CKAHE, T3 A1 TS b BFFRL ™ & 70 5 B4 I 16.8% 40 20% , 3511 T = 2 AR IR (T4) Ab BEAT Fr
FeE, IF Horb B SRR IR (T3) A BEAE R AC 35 B R4 T i 2 J R IR (40 A 1, 3 3 B it FH R Ji B R A R T 112
BRI K E AR A B & MR E AR SEBR G & & A fe A BIRAF R . A FAREK
W — N AR RS 5 S BB A, Gl 3 %o E AR B 78 R B, Aok 2B Bt FH IR 65 A I 6 - S98 FX ) B 4
(1) T4 3 205 SR V. 3 U B — it P A I it , A S B 1k T AR IR R 5 51k - SR A A AR 2 I e, A R T KA
IR K I8 B — 8 T ABE 208 H I, SR, 75 A 70 8 IR B AL R BT 2 (178 9= B i oy I %2 /0 46 1) it
KA Rt — PR T

4 45

T K R [X. 398 v it P R 5 B PR o = 3 B S R R AR KR B A R, B AR T R
FKE AT RIEARUR R e m 1 I LRR A R T ORI AR E AR TR . AT,
HE IR JBSAELIR FH 220 50 000 kg/hm® () 1A A B 5 50 T HELIRG FH 04 25 000 kg/hm? FF T it A6 A 250 kg/hm? (1)
Qb A F 3 Lt P e R SR OB I R R A K
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The Effects of Amending Soil with Coal Humic Acid on Soil

Physical Property and Physiological Growth of Maize

GU Xin, REN Cuimei, YANG Li, WANG Lina, GAO Guojin, LI Jianying, ZHU Lei, DU Zhiqiang
(Daqing Branches of Heilongjiang Academy of Agricultural Sciences, Daqing 163316, China)

Abstract: [Objective]The overarching objective of this paper is to experimentally elucidate the effects of amend-
ing soil with coal humic acid on soil physical properties and growth of maize.[Method] The variety of Xianyu
335 maize was used as model plant, and we examined six treatments: Control without any applications (CK),
chemical fertilizer in one application (T1), low application of coal humic acid (T2), moderate application of coal
humic acid (T3), high application of coal humic acid (T4), low fertilizer coupled with low humic acid application
(T5). All experiments were conducted at the Daging base of Heilongjiang Academy of Agricultural Sciences. [Re-
sult] Application of coal humic acid significantly increased soil water content and reduced soil bulk density. T4
had the highest soil water content with an average of 19.2%, approximately 30% higher than that under CK. The
soil bulk density differed significantly between treatments (P<0.05), ranging between 0.97 g/cm’ and 1.28 g/cm’
with the impact of the treatment ranked in the order of CK> T1> T5> T2> T3> T4. Fertilization and coal humic
acid benefited maize growth, and an appropriate application of coal humic acid promoted the plant growing to
329.3 cm high (T3), approximately 14% higher than that under CK. The average stem diameter under TS5 was
3.03 cm, not significantly different from T3 and T4 but significantly bigger than other treatments (P<0.05). The
average grain yield under T3 and T5 was 11 371.5 kg/hm® and 11 077.5 kg/hm’ respectively, 16.8% and 20% re-
spectively higher than the yield of CK.[Conclusion]Applying an appropriate amount of coal humic acid can im-
prove physical and biochemical properties of soil, which is beneficial to growth and development of maize there-
by increasing its yield.
Key words: humic acid; soil; maize; fertilizer
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