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Effects of Humic Acid Water-soluble Fertilizer Application at Different Periods on
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Abstract: The effects of humic acid water-soluble fertilizer (600 times liquid) on the growth indexes of
foxtail millet were studied by using the cultivated foxtail millet variety “Nenxuan 18 as experimental
material in a random block design at seedling stage (S1), jointing stage (S2), heading stage (S3) and
filling stage (S4), respectively. The results showed that, compared to the treatment without the application
of humic acid (CK), the treatment S1 and S2 increased significantly the plant height, ear length and
stem diameter of foxtail millet. All fertilizer treatments increased significantly the grain weight, grain
weight per ear and the photosynthetic indexes. The effects of the treatment S1 on grain quality indexes
was not significant, and the improvement of grain quality was more and more significant with the delay
of application period. Compared to CK, the other treatments all could increase significantly the yield
with the range from 7.3% to 12.5%, though the yield-increased mechanism of each treatment was
not consistent. The treatment S1 and S2 was mainly achieved by increasing the number of grains per
spike, while the treatmen S3 and S4 was mainly achieved by increasing the thousand grain weight. In

conclusion, the treatment S2 exhibited the best yield increase effect and better grain quality than CK.
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RKFE, ZEELERIEN, B2 T 2E0A 10
SR ASRA A i 7= i, Rl P AR & W,
WHPHERCR N E 2 — B Y Hil, 1477
I REAT LA AR A 2, Hoask i AR B A kA
R T EER A . Mg, ERER A ZRAL A ),
1o RE AR AR AR AL, 34 it A LS A B2y Joi i
[F RS LIV S8 T & SR R 587 5 R R P =N
NE i,

JERERR KN E R —Fh 2 Dhfg . JTo A F Ik,
S1Eg R, BART 26, WR s, 3
MDY BTG T AR A REY )
SOV K EAESE, I HAEL /NG ® L HE P

KA O e Y AR RIRAS T RN SBOR
HIE MR K IEAE A 1 BRI W I RER >, AT
U JE L TR /K NE RS 45 1 B B SR, AR5 A
AR O 187 JAXYR, TR S
AR, WK WIEAT WAL B, RITAS R A
B AR MR IEX & TR Z4RhR . R ARhR DG
FARAR B SE 32 1 WA e AR IR N, O A
XA T RS %,

1 MRI57EE

1.1 X HHE

RIGT 2023 4E 5 H—9 HAE BT H LRl
B35 5T 2R 3 BRI Rl X (123° 45" E,
47° 15 N) #7. iR¥6H 5 8 T rh i KRS
RS, TESHARIECA 2900 °C, 5 H—9 HIKEN
387 mm, G R A b BESE TR iR h R A 1
HARFRIFIRBL L 1,
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Tab.1 Basic nutrient content of tested soil

+2 (em) AHHUR (g/kg)

2% (gkg)

B (mg/kg) R (mg/kg )

0~ 20 31.85

22.70 303.72

1.2 WIapy

HEAEY A 7 O Ph “Biok 18”7, Bl
%i'5: GDP #¥ 1 (2023) 230034,

AR A B K T AR, W B D e B A B
BEABRA A, Wi 50 g 253 (MR =30 g/L.
N+P,0,+K,0>200 g/L ) .

1.3 Rt

RIBEHLIX 511, s E 5 MERE, 237
BT (S1) o HA (S2) . sl (S3) .
R (S4) WEERRRE 600 4% 1 FERIE K IEAE, L
W it J AL R K T IR A X I (CKO) R /NX IR
H 300 mL, AANMEH/NXEAA 19.5 m® (3.9 m x
S5m), 647X, 3IRER, KM e LN
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40 Ji Bk /hm?, JERERR 4% (N-P,05-K,0 18-46-0)
450 kg/hm® VEAJEEAE,  FH IR) A BEE R H A2 77,
1.4 MERABRF*
L4.1 REMR., mEEREFANE

T AL AL AR AL PR A E] 4 17 R BERLIZEE 10 #E,
MERER . G, FEML. 1980 M (a2 79
() FAPRLEE ), FESCAAMII R . RN E . TR,
FEXF /NI
1.4.2 KAFERENE

T AL A A R AL B AT AR YE R R 10 Bk,
126 B 6 ROR S, A M GH-10 ZRAR 900 & g
I CIUAR T RAERBARA R ) e Bl =
A A, ZEEEAE MM CO, WA, W&
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T U SO A% A FERFRE 1 b B R AR I E
FLEE 1A BRI BLEG e ke ™ HLue & &
SR F R K s s U0 MR A ROR A R R4
s M,
1.5 WS+

K HH SPSS 26.0 A AT B ST B 7 225307

2 ZERE5SMH

2.1 FREILEMNETFRZMARARN

I3 2 WAL, A A4 PR 45 1A PR S i
Ao ASFAE T B A KL, BT
FMLRIT RS CK o H 2. RS TEE Dy
134.8 ~ 140.1 cm, L S3. S4 4L ¥ 5 CK % 5
AW S2 AbBRMR R, W R T AL AL B,

H CK %1 4.1%; S1 IRZ . FEKASLIEREI N 25.2 ~
26.9 cm, HifbS3. S4 4P 5 CK % 5 A B3
S2 AL PRAE G i iy, W T HAAL PR, W CK &
6.3%; S1IKZ. ZHMAMIEHEHK 9.0 ~ 9.9 mm,
Hrp S3, S4 4bFEY CK ZRARE; S1 AFIZEHM
e, WA T HEH AL, H CK 5 8.8%; S2IKZ.
2.2 TELEMEFEEMRETEMEN

M 3 Al AFEALBERT T R A
] o AN AE & I AT A R K VS B, 4 TR
TR A i CK A W4 . Rl . iR
HAA" AR BRI — 5, BRI S2 4P
e, BT HAbAR & CK, 1 S1. S3. S4
PR ) 22 AN B AL s CK g™
WEBE R 7.3% ~ 12.5%. TR0 AR 4kt 345 5 HoAh
JUAP A AR, S3. S4 Ab B TR0 8 it &,
Bk 34 g, BFETHMAAMK CK; S1. S2 4
PR THREYS CK Z5 A 8%,

®2 TRLEM AT REMRNZ M0

Tab.2 Effects of different treatments on agronomic characters of foxtail millet

Ak B i (em) B (em) FEH (em) T ZH (mm)
S1 137.5£8.4b 26.0+1.5b 3.3+0.2a 12.4£0.3a 9.9+0.4a
S2 140.1 £ 6.3a 26.9 = 1.4a 34+0.1a 12.0£0.5a 9.4+0.2b
S3 134.8 +7.5¢ 25.2%0.7c 34+03a 12.4£0.6a 9.0+0.3c
S4 135.0 £4.0c 253+ 1.0c 3.3+0.2a 12.2£0.5a 9.1+0.3¢
CK 134.6 £5.8¢c 253+0.9¢ 33+0.1a 12.1 £0.4a 9.1+0.3c

TE: RPN PR PIRTE 0.05 KPR BH, TR,

®3 FRLEMN AT EHRE~ENFE

Tab.3 Effects of different treatments on yield characters and yield of foxtail millet

b P FHE (g) FERIHE (g) THHE (g) 74t (kg/hm®)
S1 17.8 £ 1.0b 143£0.7b 320.1b 5655.0 £246.1b
S2 18.9£0.7a 152%0.5a 320.1b 5927.6 £275.8a
S3 18.0 £ 0.8b 14.5 £0.6b 34+0.1a 5723.4£202.0b
S4 17.9£0.9b 14.6 £ 0.6b 34£02a 5779.2£197.4b
CK 17.1£0.6¢ 13.7 £ 0.4¢ 320.1b 5269.1 % 263.6¢

2.3 FRIALENAFHAIEIRHIFM
HIZ 4 W1, A REAE PR RENS B34 GRS T
AE AR . AN R A 7 I ST S e R K T )

BTFECE R RBHRYK CK S5, B
B GRS RRGE RS .. A TS
R A AT 16.5 ~ 17.6 wmol/ (m™s) ,
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Hor S4 ab PRI HOL A E R m, BF & TSI,
S2 AbH K CK, H5 S3 AL 2 A 2 F A B ¥,
I CK 5 10.0%; A 1255 3 S84l 3.4 ~
3.9 mmol/ (m™s) , Hirfr S4 &b P 7% s % i

BFEET S1. S2 4LBR I CK, fH5 S3 AbPRZ [a) 2
SARBE, HCKE258%; & 1M CO, ik JE
H ARG A 97.3 ~ 121.7 wmol/ (m*s) , Hirf
CK WMl CO, e fims, W s T HABAL R

% 4 FEAIEXE T A RIRIH R

Tab.4 Effects of different treatments on photosynthesis indexes of foxtail millet

Qb A [pmol/ (m*s) ] FEEHH [mmol/ (m’s) ] MilA] CO, ¥ [ mol/ (m*s) ]

S1 16.5£0.7¢c 34+0.2c 114.0 +5.0b
S2 16.9 +0.5b 3.5%0.3b 103.5+4.7¢c
S3 174 +0.8a 3.8+0.2a 99.1 £3.3d
S4 17.6 £0.3a 39+0.1a 97.3+3.8d
CK 16.0 £0.4d 3.1+0.1d 121.7+5.1a

2.4 FEEMEFREMERESMm

S Al ASFEALFEXT A7 SRR A
], REPRZRIN B 2 Wit B 300 /5 8 it Joi P TR A
BF . AFAET I BIERER KA G, 5T
KM & SR 10.6% ~ 11.7%, Hi
S2. S3. AHMPMERNEEEES T CK, 4
S CK i 4.8%. 8.6%. 11.4%; S1 &b ¥k ki Hl
EHSREYS CK ZRA8F,; SUMFRHEAS
BRI S4 > S3 > S2 > S1 > CK., HRoHER
BRIV N 64.4% ~ 67.2%, Hirf1S3. sS4

A FEOFF R ARV By 5 B35 T CK, 43 b CK
2.5%. 4.7%, S1. S2 AbBRAFRIMER & &5 CK
AR A PAPRRLTE R & AR R S4 >
S3 > S2 > SI > CK; SI1. S2 AbFk-ki ML IEH &
W5 CK Z5ARE. FRHAR & 5224kt R
H3.5% ~ 3.9%, HriS2. S3. S4 ZbFFERIHLE
Wig s s T CK, 43l CK 5 2.9%. 5.7%.
11.4%; S1ACHFFRAIRI /S CK ZRABE,
2 A BEURF R RLIE 5 A AR UK A S4 > S3 > S2 >
S1=CK.,

®5 TELEMN AT R REIFE

Tab.5 Effects of different treatments on quality characters of foxtail millet %
AL B HIEH RLGERY VT
S1 10.6 £ 0.6d 64.4+3.7c 3.5+0.3d
S2 11.0 £0.4c 64.6 £3.0c 3.6+0.2¢c
S3 11.4£0.3b 65.8+2.1b 3.7+0.2b
S4 11.7 £0.6a 67.2+4.0a 39+0.1a
CK 10.5+0.5d 64.2+29c 3.5+0.2d

3 Wig

AR 2R AN VRO TE A8 1 R Wit ok 22
Wi 17 S ELMR PR s, 2 oMl 2B 7 b i 52 T E 1 4
Fro ABRGTEERFW, SACPEE. FME CK 2
SARE, SI. S2 Mk . B, MK CK
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