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Table 1 Treatments of soil moisture in the simulated experiment

S K

AR X KA BT A K Ak Vi d PR 7K ek A FLBR A AR R
easure
Treatment Relative water Designed gravimetric ) ) Volume of water  Soil water suction Relative humidity of soil
gravimetric water
No. content (% )  water content ( % ) addition ('ml) (kPa) pore air (% )
content (% )
ADS 0 0 0.4 0 38
SWS525 5 1.0 1.7 45 525 84
SWS260 20 3.9 3.9 175 260 91
SWS75 40 7.8 8.0 350 75 95
SWS30 70 13.7 13.1 650 30 98
SWS0 100 19.5 19.9 875 0 99

IE: ADS, K45 SWS525, SWS260, SWS75, SWS30HRISWS0433 3R LKW J1525 kPa, 260 kPa, 75 kPa. 30 kPafl0
kPa, FId Note: ADS: air dried soil; SWS525, SWS260, SWS75, SWS30 and SWSO mean soil water suction 525 kPa, 260 kPa, 75

kPa, 30 kPa and O kPa, respectively. The same below
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FE, TR E G e R B R .
0. 100, 300, 500F11 500 kPatt5/~JE Jy, il5E 4%
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FERIRZR IR0 BRI E - 4390 T 5L 50 ih
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HE TR RRAE, H A RAK 2 ~ 3k, LBk
FMR AL, KR T & T 60 CHEAR h it 2 H
i, BHFHT 2 —RFERE. HZBETH R %
B PR 22 57 43 PRI I 3R B ICR
1.4 HIFEE

TR I AH B 1 i Excel 2003HISAS 8. 2%k {452
AR Z T 2Z08 (ANOVA ) KXBHE (Duncan )
2R B FEMRE, I HExcel 2003 A HATVER

2 ER51HE
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B AR K IRk 2

Fig. 1 Soil water characteristic curves of the experimental soils
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i1, JIE i R PR R A6 25 °C 1 IR B 3% #r oK R R
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REERN1.5%, FH30KRBBBERHNS50.7%, 1
G (EBIE) ATl brER 2R . HoKiR 46 il 15
FERRURINRN80% I 755.9 d, TE -1 &

100
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80

Bl % Release rate (%)
&
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BENE ] Release time (d)
FE: SWT-Time b #KIZIE (SWT) AbFEA I BE R HOR ;
SWSO0-TimeJySWSOLL 3T {1y B Bt BE % 5 SWT-Cumulativey
SWTAb 3 ¥y BAVE L% s SWS0-Cumulative ySW S04 3 1y 2
FUBICR Note: SWT-Time, Time interval release rate of still

water test (SWT ) ; SWSO-Time, Time interval release rate of
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K2 fERIRR AR RRBRE
Fig. 2 Cumulative nitrogen release characteristics of controlled-

release urea ( CRU)
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Fig. 3 Cumulative N release characteristics of CRU in soils

in

different in soil water suction in the simulated experiment under

constant temperature ( 25°C )

=2

K F75 kPalhf, +HEZSAXNRE 5% UL I,
FHOKGE R, R KK X R R
= A B —

Xof 3 A v 0 5 PR R AE R [R] K R Y
RAERBRBCRINLL (K3) S5 50 mIE 547,
DIAE REBHOR I AR (x) , DIBICREd N
AR (y) #ESr B RE (£3) o HIAR Y 250
37 i AR AR B LA ADURI 2 B AN (] = 98 7K W T Bsf 1 2
RRCRFAE, SWSS5254b BLLA 1Y 5 FER%1K0.95
PASL, H A DUASAb B 7 FRAUA BB, Rk
0.98 L4 b o I FHAH I 75 8 T LA 4 ofie fy b MR 405 S [ st
B A R R ORI AN [R] - 6K W g B g 4
FEIR Z BRI, W7 4 5K W %o 428 B JR 28 R
W sema , AR AR SR R K g3 SR A
VPRI A E B IR &

3 3L [ )3 7 ] DA H A (] - S K e g Y
RO (3) , WAUK e BN 63.6 d,
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Table 2 Regression equation of nitrogen release characteristics of CRU in soil different in soil water suctions in the simulated experiment

under constant temperature (25°C)

AEBEAR S Treatment No. [7] )9 77 & Regression equation R
SWS525 =0.0071x>+4.748x-8.931 0.9529
SWS260 »=0.0051x>+1.053x+0.0768 0.985 1
SWS75 y:0.0131x2+0.028x+3.922 0.989 9
SWS30 y=0.0012x"+0.0012x+3.783 0.991 4

SWS0 y=0.0084x*+0.0752x+3.837 0.993 7

W BERIREFRSAEADS (KT 4 ) PR R B, SIEA IR Note: N release rate of CRU is nil in ADS (air dried soil ) in

the experiment

T HEK W TITE30 kPalf 45 B IR R BN 72.7 d, A
XPAH 25 ] 13.3% , FEAT AR ERLE 120 %1% 22 3 [
ZWN. KW ILETS ~ 525 kPaJE N, BEE 1
HOKW I py iR, HRIR R M IR BORE, 5
SRz A K . IR DT B SWSS525
SWS26040 3 B I 43 i S 416.4F1117.0 d, AHXT
FI2Z03 W N 146.8%F159.1% , i # (FERAERL) 47
P FRHERLE B R 2% (20% ), BEIIHE R IR 2 Rk
ZEN T KW 7k s BRI, R X K 43
W 77376 378 KT HE AR AZ 0 X5 7K 43 W T o
2.4 AELFEKR DM EENEBHENENG

T KW F175 kPa. 30 kPafil0 kPafi)3Fh4b 34

FREBE IR R MBI 16 3 7E20 ~ 30 dZ A H B, 20
AR I BORE R A3 9 K 18.3% . 22.2%M115.3%, H.
FERFE] F S —2rE (E4) o 30 dEy I BB R
¥IR16.0%, ZiEmkiET—2, HAE40 dUE
KB RET . RV Ko i 8 B 52 00 9 ek
L iy, LR A AR B = T 95%, I
IRYRARBIAT, A KW T A P2 5 i 0 2 T IR
R R R FEEE .

B2, 7KW T M T75 kPalt, #HRIR
R BT 52 5 - HE K W 73w B s (
5) , SWS260FISWS525M2 b, LR 2 K,
FEXF IR EE A 3 919%F184% , Al LIE N, KKK/
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Table 3 Duration of N release of CRU relative to soil water suction in the simulated experiment under constant temperature ( 25°C )

24/ 2B R 14K RBB R 28K RPUREHOR R

AL AEXT A 22
Cumulative release rate  Cumulative release Cumulative release Duration of N 2
Treatment No. . Relative difference ( % )
of 24 h (%) rate of 14 d ( % ) rate of 28 d (% ) release (d)
ADS 1.3 +0.2ab 1.5+0.2d 1.6 £0.5e — —
SWS525 1.7+0.3a 3.7+0.8¢ 9.4 +1.1d 416.4 + 12.5a 146.8
SWS260 1.2 +0.1be 12.4£0.7b 28.2 £2.5¢ 117.0 +£9.8b 59.1
SWS75 1.3+0.1ab 15.4 £ 1.4ab 47.2 £ 1.4b 77.8 £ 7.6¢ 20.0
SWS30 1.0+0.1¢c 17.3 £0.6a 51.6 £ 1.3ab 72.7+7.3¢ 13.3
SWS0 1.6 £ 0.3ab 15.3+£0.5b 53.5+0.7a 63.6+7.1c 0

TE: 1) SWSOFISWS30y S RO, Al A 30 O Hh AR 3BLE Tr BEHEATIHA s 2) AHXAH 22 9 R ) b K 0% T vy e e A A
X T SWSORY R A ARXS AT 225 3) [al—21 P i B RIS 1 2 L, An A AR PR R SRR 22 R A 3% (p>0.05) Note:
1) Release duration of CRU in SWSO and SWS30 were measured values, and in the other treatments were fitted with the regression
equation in Table 3; 2) Relative differences were release durations in the treatments relative to SWS0; 3 ) means followed by the same

lowercase letters in the columns were not significant in difference according to the Duncan test at 5%

100 F ——5ws75-Time BRI R10.1% . 11.8%H11.2%, £Vt
EEEESWS30-Time K F1260 kPa Bt B IR 2B UENR, Hefh 11y

80 - —3SWS0-Time
—O— SWS75-Cumulative
—&— SWS30-Cumulative
—1— SWSO-Cumulativ

SR, MR TMARE 1%, KK AR
RAEHN, AH AR S RETF RN T, A RN ] SiE
Ko BRI, 3Ok 50 AR R R R
Pl 2, (755 LR O PR AR AR, AR
NN AN, SRR A L . K
Jyad v U BRI T PR AR R I AR, g
RN AT SE A, KRB AT, PR R

60

PR3 Release rate (%)
N
S

O = — [, .
1 5 10 20 30 40 50 60 70 T 2 Dt T B < a5 A L
) , B4 B I3 RN R TS B A7 31 - 38K 5 s kIR g B ol
TN E] Release time (d)
F: SWS75-Time. SWS30-Time. SWSO-Time4} 5 HSWS75 . 100
) ) i 3 SWS525-f Be Bk
SWS30HISWSOA ¥y B B B % ; SWS75-Cumulative . SWS525-Time interval release rate
SWS30-Cumulative fISWSO-CumulativeZ # HSWS75 . 30 | SWSZéO-HE!’E%ﬁMI%{
SWS30. SWSOM) ZEBH Note: SWS75-Time, SWS30- S SR s el e
Time, and SWSO-Time were the time interval release rates f‘_-é 60 gwgg%g:éguﬁﬁ}&%release e
of SWS75, SWS30, and SWSO, respectively; SWS75- % SWS260- BB Rk
Cumulative, SWS30-Cumulative, and SWSO0-Cumulative were E SWS260-Cumulative release rate
the cumulative release rates of SWS75, SWS30, and SWSO, 5 40
respectively §
. . ; 20
B4 +HHOKW IR TEEF75 kPaZkff P REIR KR FR 4
B R .
Fig. 4 Nutrient release rate in soils lower than or equal to 75
kPa in soil water suction relative to time interval BT Al Release time (d)
K5 HHOKW R FEF260 kPaskff T 3700 B R
PR T BE IR R M52 0 BT . SWS5254b #Y B ik &S
%mﬁxfﬁﬁ s ﬁ:}’%uﬁ:‘;o dﬂeﬂ70 dtﬂf%ﬁa‘jﬁ\o SWS260 Fig. 5 Time interval nutrient release rate in soils more than or
FIALFEIZE10 d. 30 dFI60 dH BB E %, Bt ER equal to 260 kPa in soil water suction
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3 2%;: -I//g 299—307
Duan L L, Zhang M, Liu G, et al. Valuation of
x ﬁi%7kwﬁX¢ﬁ*%ﬁ<§*§ﬁi g 5% 1 4 R nutrient release characteristics of slow and controlled-
. . e uA A . o release fertilizer and fast measurement method ( In
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Abstract [Objective] Nitrogen ( N) release characteristics of controlled release urea ( CRU ) is
affected by properties of the fertilizer per se and environmental conditions, such as climate, soil temperature
and soil moisture etc. The static water extraction method is widely used for quality control of CRU. However,
as a matter of fact, CRU is mainly applied to farm fields, where soil moisture is the major factor affecting N
release from CRU. Soil moisture can be characterized by soil water suction, which is closely related to the
process of nutrient transmembrane movement in CRU. So it is essential to explore threshold value of the soil
water suction that controls N release rate of CRU so as to provide a scientific basis for proper application of
CRU in arid regions. [Method] Static water extraction and soil culture experiments were carried out in this
study to investigate N release characteristics of CRU in water and soil conditions, separately, under constant
temperature of 25°C. The static water extraction experiment of CRU was performed following the industry
standard for controlled release fertilizer ( HG/T 4215-2011) . In line with the soil water characteristic curves
of the tested loamy sand soil ( fluvo-aquic soil, Ochri-Aquic Cambosols ) , five levels (0, 30, 75, 260 and
525 kPa ) of soil water suctions were designed for the soil culture experiment, and air-dried soil was used as
control. And, vapors from the soils of the six treatments were measured with the simulated incubation method
in the desiccator. [Result] Results show that N release of the CRU in static water was quite similar to that
in the soil 0 kPa in soil water suction. Cumulative release rate in the first seven days increased very slowly,
sped up from the 7th to the 14th day, and then leveled off after the 21st day. The CRU released 80% of its N
in 55.9 days and 63.6 days, respectively, in water extraction and soil incubation. N release varied similarly
in characteristics, peaked in the period from the 20th to the 30th day, and reached 18.3%, 22.2%, and
15.3%, respectively, in the treatments, 75 kPa, 30 kPa, and O kPa in soil water suctions, in 20 days.
As the air in soil pores was>95% in relative humidity in all the tested soils, the soils were all the same in
soil water vapor saturation and N release period, which indicates that in this case, excluding the impacts of
flowing soil water and nutrient diffusion, soil moisture is no longer the major factor affecting N release from
CRU. N release in the treatments, 525 kPa and 260 kPa in soil water suction and 84% and 91% in relative
humidity of pore air, lasted for 416.4 d and 120.0 d, respectively, which was 146.8% and 59.1%, longer
relative to that in the treatment saturated with water ( 63.6 days ) and 20% longer relative to that set in the
industry standards for controlled-release fertilizer, indicating that N release rate and N releasing period of
the CRU is affected by too high soil water suction. [Conclusion] All the findings of this study demonstrate

that the differences between the six treatments in N release characteristic of CRU are striking, when impacts
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of water flow and N diffusion are not taken into account; Soil moisture is no longer the main factor affecting
N release of CRU when the soil is less than 75 kPa in soil water suction; In soils with soil water suction
being higher than 260 kPa, N release rate and duration of the CRU are restrained by soil moisture. Soil water
suction is directly related to saturation of pore air in humidity. The influence of soil water suction on release
characteristic of CRU is affected through the impact of vapor in the soil on fertilizer granules.

Key words Controlled-release urea; Release rate; Soil water characteristic curve; Soil water

suction; Air relative humidity of soil interstices

(RE®mE: HRMA)

http: //pedologica. issas. ac. en

—‘ +Hindd 443 $ 2017-3-16 9:39:37 ’7




