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Effects of organic fertilizer extract on soil nutrient activation
and use efficiency in cotton field
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Abstract: [ Objectives ] Drip irrigation technology in Xinjiang is widely used and mature. With the application
of water and fertilizer integrated fertilization methods, input of chemical fertilizers has greatly increased, and
proportion of organic fertilizers has continuously decreased. In this study, combination organic manure with drip
irrigation system was studied to explore activation of acidic nutrient solution by organic acid fertilizer extracts and

the nutrient utilization efficiency of cotton. [ Methods ] In this study, the decomposed chicken manure was
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extracted with nitric acid (HN) and phosphoric acid (HP) at pH of 1 and drip-irrigated with chemical fertilizers.
The organic fertilizer was used instead of the whole amount of phosphate fertilizer, 2/3 phosphate fertilizers and
1/3 phosphate fertilizers, the fertilization rates were 4950 L/hm?, 3300 L/hm’, 1650 L/hm’, and nitrate and
phosphoric acid were used as the control at the same fertilization rate and fertilization gradient with a pH of 1
(other nutrients were supplemented with chemical fertilizers, and the total nutrients of all fertilization
treatments were same). In the flowering and boll stage (5 days after the fifth fertilization) and the boll opening
stage (10 days after the eighth fertilization), the soil samples were taken at different distances from the dripper
level 0-30 cm and vertical 0—60 cm in the cotton field. Samples were taken twice to determine soil organic
matter, nitrogen, phosphorus, potassium and other effective nutrient content, and the activation of soil organic
nutrients by the acidic organic fertilizer extract and the utilization efficiency of soil nutrients by cotton were
studied. [ Results ] The results showed that: 1) Compared with the application of nitric acid and phosphoric
acid extractants, the application of organic fertilizer extracts increased the soil organic matter content by 1.4%
to 16.8%, while the corresponding application of the acidic extractant resulted in a 10.2%-25.5% decrease in
soil organic matter content compared with CK. 2) The acidic organic fertilizer extracts under the replace of part
of the chemical fertilizers increased the effective nutrient contents of 0-30 cm and 0—-60 cm of vertical soil,
especially for available phosphorus at 0-20 cm. The effect was obvious, and increased the absorption of the
nutrients by crops. The amount of soil nutrients increased by 6.3% with the replacement amount of the chemical
fertilizer was 1/3, but the difference was not significant. The replacement of 2/3 of the total amount of
phosphate fertilizer and the replacement of all phosphate fertilizers increased soil nutrient by 35.3% and 58.1%,
and the differences all reached significant levels. 3) Soil phosphorus and potassium were significantly activated
by the acidic phosphate organic fertilizer extracts and the phosphoric acid extractant, and phosphoric acid
organic fertilizer was more effective than the nitric acid. There was a negative correlation between pH of the
organic fertilizer extracts and soil available phosphorus (—0.491%), and the organic matter content in the extracts
had a significant positive correlation with soil available potassium (0.497%*). 4) The application efficiency of
nitrogen was the highest (53.1%) in the application of 4950 L/hm’ nitric acid organic fertilizer extracts, and the
phosphoric acid and potassium use efficiency of the phosphoric acid extractor treatment of 4950 L/hm’ was the
highest (28.9% and 344.8%). [ Conclusions ] As a new type of acidic organic fertilizer, organic fertilizer
extracts can not only adapt to drip fertigation in Xinjiang, but also increase soil organic matter content and
activate nutrients in Xinjiang calcareous soil, especially for the use efficiencies of phosphorus and potash
fertilizers in 0—20 cm soil. Under the same amount of fertilization, the phosphorus and potassium activation
efficiencies of phosphate organic fertilizer extract solution were higher than those of the nitrate organic
extractant, and the highest yield was obtained when the phosphoric acid organic fertilizer extract solution was
3300 L/hm’. The nutrient agronomic efficiency was the highest.
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Table 1 pH and NPK contents in the organic fertilizer
extracts with nitric acid and phosphoric acid (pH=1)

R HILR (L) 4% (L) 20 (L) 2 (L)

Extract P OM Total N Total P Total K
NAE 5.90 1.24 1.49 1.01 1.49
PAE 2.73 1.53 0.59 18.23 1.80

7 (Note) : NAE—TEFIZ I Organic fertilizer extract with
nitric acid; PAE—BFRIZ#EI Organic fertilizer extract with
phosphoric acid.
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Table 2 Code and fertilizer rates of each treatment in the experiment
AEHE A3 (kg/hm?) AHUICEARE /BT (L/hm?)
b3 (%] Chemical fertilizer Organic fertilizer extract/Extraction agent
Treatment Code
N P K PAE  BiR PA NAE fiiiz NA

ANJitEHE No fertilization CK 0
LA Chemical fertilizer CK1 315.00 90.00 45.00
1/3 PAE #§ 1/3 P from PAE 1/3PAE 312.89 60.15 42.03 1650
2/3 PAE # 2/3 P from PAE 2/3PAE 310.70 30.15 39.06 3300
PAE # P from PAE PAE 308.66 0 36.09 4950
iR X} IR Phosphoric acid control HP-CK  315.00 1.60 45.00 4950
TERRA HUILRAR WO I NAE control NAE-CK  298.97 85.01 37.63 4950
PR X B Nitric acid control HN-CK 299.94 90.00 45.00 4950

# (Note ) : PA—Phosphoric acid; NA—Nitric acid; NAE—HfRIZHE Organic fertilizer extract with nitric acid; PAE—§FRIZHEK

Organic fertilizer extract with phosphoric acid.
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Different small letters above the bars mean significant difference among treatments for the same soil layers at the 0.05 level.]
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Different small letters above the bars mean significant difference among treatments for the same soil layers at the 0.05 level.]
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24 AFREERKEE
ﬂ;ur]

A BEEE AR A A A R S AR TR R, T Sk
WSSy S IRAR, AN (B 4). ARk
b YRR & B UL HP-CK fem, HEZEE T CK;

4 BYLALRIE R IT TIR IR SR AT

HYCh CKI, [HMEES AEE, 15em4b, CKI1,
HP-CK ., HN-CK =/ bH e & Rim, BHS
CK 11 2/3PAE, NAE-CK 25 %, {H5H Al B
EZRAEE., 30 cm 4b, NAE-CK &, HE5 CK,
1/3PAE. 2/3PAE, HN-CK %53 0%, HHAKLR
TR FEES . WL PAE > HP-CK . NAE-
CK > HN-CK HZER ¥, 15cm A, 1/3PAE.
2/3PAE., HN-CK 7353 CK I 12.2%. 8.4% Fi1 27.5%,
HZESBF., 30cm ik, CKI i, H5BE NAE-CK
AW A AL BRI A A2 R

20—40 cm T IEAYHEACH WM S 0—20 cm AH
B, kAL pH FAR A HP-CK Ab B ) o 504 5 5 i
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Fig. 4 Available K contents in 0-60 cm soil at different growth stages
[ (Note) : #EEAF/NG FHERIRIF]—1 SR AR AL B 25 575 0.05 /K23

Different small letters above the bars mean significant difference among treatments for the same soil layers at the 0.05 level.]

B, #2/3PAE 5 35.7% H2E 5 B ¥%, {H2/3PAE
5 CK. HN-CK ZRAWE, At 15 F 30 cm
b VAR R TR Sk AL . 40—60 cm H3EF, FEAA
Ji FH 3300 L/hm?®. 4950 L/hm?® FR 1A HLIE IR $2 9 11
Jit JIE Ak 2R LB 5 0 T AR AR 3.8% ~25.6%
w2 Sk AL 1/3PAE . 2/3PAE. PAE 4%
NAE-CK £ 12.2%. 16.2%. 20.5%, H%:R B ¥,
HARFEZ TR 25, /KF 15 em kb4 b3
ZRZERARE, 30 cm b R A UL R SRR Y
AbFEHR HN-CK 4b, #18 E LT CK.
2.5 ERMANBEERREXN LIEFR SRS
XTI~ & 4 4y Fral s, BREA PUIEIR SR PR 45

TR R AR —E B IR Ah, X I T E Y SR
AR T IR . it 28] 20 cm I RYE HL
Jo it FH A HLAE 35 #2909 A B CKT 27 1.5% ~
7.5%, il PRI EREN K CK1 F#IK 0.4%~5.3%. 1t
Wit A MLAE SR B i 7 e HLB & i, i
Jiti X 07 4R B R S I RIS T 3 LI . i A
FE WA ARAA YT 5 5 BT SR A A AL
SHE, RIEVRZEFRN LI, AeviEy Hi
Wi, mE2H 20 cm 3, PAE Hil NAE-CK
A SRR CKI 38 T 3.9% M1 7.1%, H NAE-CK
5 CK1 27 E#,; 20—40 cm +3Ed, JEHAHLIE
PR R A S R B S T CKL, 4
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LRI 2 B A MR R 1 it A 38 N [R) A 32 1 0%
FEVERT o ASHIFZE i M Ao 1) B T A AL RES 2 B2 R it
JIE A 3, A S AW B T R A B iR, HL
WE®T CK1, s+, HN-CK > NAE-CK, EWHR
PEA UL I B2 86T 4 18 v g [ 2 A il A T AR VR o
AHT] pH B, il I 2k vy - S ke B by, AR
Ji G F A, pH BRI ER AAh  Fbk Sy T AL
PRI (18] 4), BT ERPEA DL S A b 21
B BT CK1, X2 KON AR AE X 4 4
AW & TS, Bzt T RE AR R
A TN o e 41 e 7 L e w2 4 2k i A iped
EALE W, S P S S N, Xl
WA DUIE R SO P — B SR E . 28 BPR
W, FERSFEIE RS, MRMA VUSRS -5 rh
B E B . AN S B Y 3R 4 43 B Ak R A R SR
gy, B T P ERGR I A, B R I XS
IS A A TR AR

2.6 BHRERE&RMRSLIEFHEXDH

M 3 a5, AYUERIEE Y pH 5 - e sk
B RFENMR (-0.4917), 5 HEHAPIA B35 A0
X (0.497%), TGP LS B AR AR5 4
RA—2, SOREVEIE BN & (45 kg/hm?) fIK=,
i e a0 e e s RN Qs N B A = A e w4 R
AR S RIS (B 4). APUIEIR A PR & &2 L
A B B A OG (0.4417), A HLUIEIR B
Jo 5 - MR RN AT HLT O 1 A O
2.7 FORWFIAZR

HE 4 T, it SRR A HUIRIR 32 (NAE-CK)
MAENEA KSR R, BB EET CKL, i
BAEBAI A HLSE T LR & ZAEF R, (H)E
IR N T 19 HN-CK I EAEF R 205K, ]
REE S At 2 L E AR E B EBEAE TR
Ko WiXTFHEAET S, DABEERIZ 474 £ 1 HP-CK

*3 AHRRERN pH MBENRS LR FINERXE ()

Table 3 Correlation coefficients between pH, the organic matter of the extracts, organic fertilizer and soil nutrients

T H Ttem R pH pH  RIZWA WL EOM LA N SOM  TIEfRA SAN  TIMHSwE SAP  +HEHR4T SAK
2P| pH 1.00
EAA LT EOM 0.086 1.00
THEA P SOM 0.191 0.304
I A SAN 0.071 0.001 0.331 1.00
I SAP -0.491" 0.077 0.257 0.346 1.00
TIEHE SAK 0.497" 0.441" 0.415 —0.099 0.022 1.00

7# (Note ) : EOM—Extracts organic matter content; SOM—Soil organic matter content; SAN—Soil alkaline nitrogen; SAP—Soil
available phosphorus; SAK—Soil available potassium. *#/R7E 0.05 /K- - it Z A1 5¢ * indicates significant at the 0.05 level.

x4 FEhEAEIEX RIS 9 AR

Table 4 Effects of different fertilization treatments on nutrient use efficiencies of cotton

L3 F R RE (%) A= 71 PFP (kg/kg) Fe A RIHECR AUE (kg/kg)
Treatment N P,0, K.O N P,0, K.O N P,0, K.O
CK1 31.80 be 746 ¢ 60.83 ¢ 7.39 be 25.85 be 51.70 be 0.33 be 1.15be 2.30 be
1/3 PAE 30.34 be 10.42 be 64.92 ¢ 8.17a 28.59a 57.18 a 11la 3.88a 7.77a
2/3 PAE 3227 be 1632bc  124.56 be 830a 29.07a 58.14a 1282 436a 8.74a
PAE 4824 ab 18.46 b 187.95b 7.60 b 26.60 b 53.20b 0.54b 1.90b 3.80 b
HP-CK 25.71 be 2891 a 344.84 a 724 ¢ 2532¢ 50.65 ¢ 0.18 ¢ 0.62 ¢ 124 ¢
NAE-CK  53.06a 10.17 bee 157 be 735¢ 2572 ¢ 51.44¢ 0.29 be 1.02 be 2.03 be
HN-CK 2725¢ 1933 b 195.82b 721¢ 2523 ¢ 50.47 ¢ 0.15¢ 0.53¢ 1.06 ¢

¥ (Note ) : RE—Recovery efficiency; PFP—Partial fertilizer nutrient productivity; AUE—Agronomic use efficiency; [F]51%#i 5 A/
BN FELLEEAE 0.05 /K L2257 B3 Values followed by different small letters mean significant difference among treatments at the 0.05

level.
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AEFRXF P,O, 95753 I IR HHN-CK
PAE, iXJL/MEHER pH i HP-CK < HN-CK < PAE,
UL SR R AR 5+ 580 pH A BB VIR,
REARHE P 4910 pH X 383524 TS AL RN = 35 20 1Y
W IBOR R A B m e, 1 LIRS KL,0 IR
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JE b BE B A HLIERF, PAE HI NAE-CK i 4= 7=
JMRT 2/3PAE. FR5- A2 FI AL 2/3PAE Y FR 514
SRR AR, B CKI R T 287.37%, H#ER
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Jit FE A T2 12 12 R Ak B2 15 - RV B VA AL B

3 i1

AR AE R — PR A VLR, HE&
AL, HR— P A i it i WA R, AR F
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P R 2 B AR A, ORI A P A T Sk A R
2, I ANEEIEAL, AR 2 pH FRAK, i
AT, EHEA DL & R, XEETR
ey i SR I R IR pH S5 LB i U
Ko AWFREEREN, EAHFER RGN T, Bk
A LI 0O 58 PS54 InfE K F SR
PUIETR P, A3 45 A HILAE I 8 R0t A 265 o it L
KRR AR T 7.4%~8.2%. 4, MifHANL
JIE i 4 0T - A LA S R R, (E St X 1Y
FRENPE T - 56 U B 431 5 7B HILIE I 45 Vit A
HEAHFR, SRR A PR SRS R T s R A L
B, X 5 A FEREEW A U & s A G
# 1o

+ St A ST SR R R (030 cm) Y34
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PAE XA MM AR, fE45 1] 1/3PAE Ml 2/3PAE
I F4b HN-CK A1 Al it AP AR 2, LS 9 4~ Kb B
RIEHIFE I AR 7= RIS AR = R RBCR R = (GR 4),
X 2 PRI Ay A 6 6T 33K PR A i AE 2 A 14 55 43 WU R
AL B . 20—40 em 135, B PAE
A SR, (BAEREZLIRR 1/3PAE 4b, £itifitib
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A B I i TR P A BILAE 2 4 500 1 Ak 3B 0 T (3

225, X ULHIHG N S HLBT R 4% pH 2 REHY

XS B AR AFRCRY, (H R PR 7

EESITERERY
Jiti FH 188 PR A ML IS 92 3 XoF 4 S8 o A5l 5 e A A

SN BEE A DUICIR SRR RS N, R S 5

f) PAE I HP-CK %2 1/3PAE Skl S i T 48.8%~

64.5%, XS5NEEHY pH A 5¢. pH BARMBER A HLIE

S VBRI TR VA V1S N1 9 ) S A 5 1Y

FROFIHAR, X S A BAFIR A AL
AL K AR A B A SR AT AN TR

BEA S5 Sk PR R N 5 B THE Y, BB HLETRIIR

Xf AR S AR, A S A P

FIEAK, 5 pH 2 GUHX™, Fir DL R A 3 g

RIS, TEBRAYUCRER T (pH o~ 2.73), pH N

FERNE; MIRAPULRIER T (pH 4 5.9), *HAL

PR BN B R A A HL

4 g
St FHACNEAR L it A R ANl IR A LI T2 2

WO AR e B i 1 BRI, 4o

THRAE i #EKF 0—30 cm, TEE 0—60 cm {E[H

TR PLTT, BRSO AT A [ AR A

=, AP TR S T 8 AT BRI R R B0 AT A ) R i

AE AL FIORAFAE T, B A DLIE IR S R AT T

PRATHUIEIR 2. Horb, AT HLAC IR S W00k AL AL 5 64

AR 2/3 I, Feor A= 01 53R A RIS
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