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Abstract: [ Objective ] Biochar has been shown to improve soil physicochemical properties and enhance crop yields. The results
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of previous studies on soil temperature were inconsistent, the changes of crop emergence rate under the change of biochar
application rate were not analyzed in detail, and the relationship between crop emergence rate and soil physicochemical properties
such as soil bulk density, temperature and organic carbon was neglected. Thus, it is important to estimate the most appropriate
application rate of biochar for improving soil physicochemical properties and crop yield to provide a basis for field management.
[ Method ] In this paper, a salinization soil in south Xinjiang was researched and field cotton and sugarbeet growth experiments
were carried out in plots under different biochar treatments (0, 10, 50, and 100 thm™>) and combined with drip irrigation mode
under plastic mulching. The improvement extent and influences of biochar application on soil physicochemical properties and
crop germination rates were detailed investigated at the biochar application rates. The relationship between germination rates and
soil physicochemical properties was further investigated and compared. [ Result ]JThe results showed that the fluctuations of daily
air temperature and solar radiation directly affected the fluctuations of soil temperatures in various depths with biochar
applications. The increase of biochar application amounts significantly reduced the soil bulk density at the 0—30 cm depths, in
which cotton and sugar beet decreased by 0-0.32 and 0.04-0.25 g-cm >, respectively. The application of biochar at 100 t-hm™
significantly increased the soil temperature at the 5 cm depth at different growth stages of cotton and sugar beet, but the
application of biochar at 10 and 50 thm? only significantly increased the soil temperatures of the 5 cm depth at seedling and
bolling stages of cotton. During the two experimental years of 2018 and 2019, biochar application have significantly increased the
soil organic carbon content of cotton and sugar beet at the seedling and harvesting stages by 0.98—13.2 and 0.66—12.1 g-kg ™" if the
differences of planting year and growth periods were not considered, respectively. Also, the increase rate was 1.20-7.43 at the
cotton seedling stage and 0.66 to 13.2 g-kg™" at the harvest stage if the differences of planting year and crops were not considered,
respectively, and was proportional to the application rates at the seedling stage. The emergence rate of cotton and sugar beet both
increased with the increased soil bulk density, and increased first and then decreased with the increased soil temperature. The
optimum temperature range for cotton and sugar beet germination was 22 to 26 °C. The germination rate increased first and then
decreased with the increased soil organic carbon contents, indicating that the excess increase of soil organic carbon content
caused by high biochar application rates inhibited crop germination. When the application amount of biochar was 10 t-hm™, the
seedling emergence rates of cotton and sugar beet were greater than 0.7, which was higher than that of the other three biochar
application rates. However, when the biochar application rate was greater than 10 tthm 2, the emergence rates of cotton and sugar
beet were lower than that of the treatment without biochar application. [ Conclusion ] Therefore, a biochar application amount of
10 thm? is recommended as the optimal amount for cotton and sugar beet field management considering its comprehensive

effects on improving soil properties and crop germination rate.

Key words: Biochar; Soil temperature; Drip irrigation under plastic mulch; Cotton; Sugar beet; Germination rate
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FEBT IR AE B R A X B 30 St F TR N 14 S
F4E 31 A1 2 % (40°53'03"N, 86°56'58"E ) JJ& [l
R SG  % X R FLAS T FNEE BACT A AP J5E, Ml
VL, SRR BE 990 m. BRI 25 FE B AR R
AR, ZFEEM, TROW, BHREFERL, 248
SRR 109 °C, HIBRHECH 2 942 h, AFEREK R
49 34 mm, LW 180~220d, 78K M 2 417 mm,
J& T M A A AL R B PE T 5 i A A
1.2 KEHFE

T 2018 4FEA1 2019 4EFFJ& T H Bl /NX A5 . 7F
2018 AEFEAIAT, KA (0~100 cm) ANFEEFEM L
RS, AT 2 mm 6, A Malvern SOk BE
ST ( Mastersizer 2000 ) i 5E + 2R B . ML
TIRPARE 5 8 o MR 9 B A 356 - 48 5 b 43 2oz )
0~50 F1 50~ 100 cm {14 38 57 1 73 551 A 493 o 46 + 0
W+, 0~100 cm 42 HHEAWIIREILER . MR
Tk MK E MR ZE RO LR 1.

£1 REX 0~100 cm HIFEARE IR
Table 1 Physical and chemical properties of the soils at the depth range of 0~ 100 cm in the experimental field
N Gtk AR WAAKE -
TR AE ‘ T, MR HERRK
A LA ik T Salt Organic Saturated
Soil layer Bulk density pH Field capacity Wilting point
Clay/% Silt/% Sand/% Soil texture content matter water content
fem / (gem?) (em*em?®) / (emem™)
/ (gkg™t) / (gkg!') /(emPem?)
0~20 1.54 19.09 5526  25.65 N 1.84 8.9 8.04 0.373 0.274 0.063
oy e 4
20~40 1.55 19.06 5492 26.02 1.70 8.5 7.30 0.376 0.276 0.054
Silt loam
40~50 1.52 15.51  46.68  37.81 1.66 8.6 6.65 0.373 0.277 0.062
50~60 1.56 1.55 243 96.02 1.71 8.4 4.86 0.332 0.246 0.043
60~80 1.62 1.38 1.63  96.99 fb1: Sand 1.33 8.4 3.98 0.341 0.252 0.041
80~100 1.59 1.37 142 9721 1.47 8.3 3.72 0.348 0.256 0.035
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LS50 11.0 mS-em ™, UK SR 472.2 gkg ',
pH 4 7.6, WRHEF K 116.6 m>g ", 25~ 0.5 gem 2,
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(a) RAE/NX SEHG Field plot test of cotton Hps

) ‘* e _HRAE o :fJ_ Plastic film

TEATT Drip lu)e/‘
150mlOcmlOcm 60 cm
Se T e
mt]l(::hl A5G X Plastic mulching zone mll\JIloch

lOcmlOcmlScm 15cm18cm' 35cm ,’ 35cm

TR A . B10. B50 Fl B100 AZbBE 1) 4= ¥ 5 7% o5 +
BERRREE A AR 0.22% ., 1.10%F1 2.20%., F1
AP 3 K, FARE /DX AN 6 mx6 m, R
e RN AL . ARAE s Bk 66 %, it
SRR 7 % SE)E T 2018 4F 4 H 16 H A1 2019
AF 4 F 20 HHLARER, PIARISGR H I 9 H 24 H.
SHMMAR, 16 L4 (11 A A4 ) T8,
KRN 300 mm, X HIEER IR TE $%ZE7:<JEH
PR ILAT” Wy ORI, BESROR A R
177 W7 =R $%4L$HEH7:<EI’JEHIH?1EW‘7FEEW[§] 1.

(b) EIFE/NX 525G Field plot test of sugar beet

" Sugar beetdfl,
@»* 5 ;ﬂ ﬂr"%
o3 e A4S

718cm 15cm
I T T 1

i — . .
M4 55 X Plastic mulching zone

1 HR)/NX RS A
Fig. 1 Experimental layout of field plot

JIT A A AR AR SR /N X H S T 48— I T i
VR R Rt A ) KT PR Ry TR /K R 7Y 60% 6
2018 4F J 2019 4FAEF N (6—8 H ) #4711 I
10 R T, AR 260 mm. BHAFEIR

% (N=46%) 450 kg'hm 2. #iE — 4% (N=~18%,

P,05=46% ) 265 kg'hm? LA RHAE (K0 =52%)
100 kg-hm ™, PAAR B AR AE—RH S I 5 VEE ) 8 30 o1
JEWER 2,

FT2 2018—2019 FARTE-FH IR T B ER S E

Table 2 Irrigation schedules of plastic-film mulched drip irrigation for cotton and sugar beet in  the years 2018—2019

2018 4F Year 2018

2019 4F Year 2019

H 34 EIEES ¢

Date/ ( M-DD )

M

Days after sowing/d

Irrigation amount/mm

H % J5 KA
Date/ ( M-DD )

Tk

Days after sowing/d  Irrigation amount/mm

6-14 65 25
6-21 72 20
6-29 80 25
7-07 88 20
7-13 94 30
7-19 100 30
7-26 107 30
8-03 115 20
8-11 123 20
8-19 131 20
8-27 139 20

41t Subtotal 260

6-15 65 22
6-23 73 23
7-02 82 25
7-10 90 30
7-18 98 30
7-26 106 30
8-03 114 30
8-11 122 30
8-19 129 20
8-27 137 20
41t Subtotal 260
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Table 3 Growth periods of cotton and sugar beet
2018 4F 2019 4F 2018 4F 2019 4F
1E¥) C=E (&7 C=Rll
Year 2018/ Year 2019/ Year 2018/ Year 2019/
Crop Growth period Crop Growth period
(M-DD) (M-DD) (M-DD) (M-DD)
k3 #Fh Sowing 4-10 4-11 B2 #Hh Sowing 4-10 4-11
Cotton T4}l Seedling 6-14 6-15 Sugar beet Bl Seedling 6-04 6-06
4 Bud 6-25 6-26 AT Leaf fast 6-20 6-22
growth
£ Flowering 7-07 7-10 AR BE 41 K 3 7-11 7-13
#3 Bolling 8-03 8-11 Root sugar increment
2] Wadding 8-27 8-30 i RS2 Sugar 8-25 8-27
accumulation

. F SPSS 17.0 UHAT BN 25 224007, A/ @38 P22 ik b AT B3 MK F P <0.05 BHAYZ T HL# . Note: SPSS 17.0 was used

for one-way ANOVA. The least significant difference method was used for multiple comparisons at a significance level of P <0.05.

T 2018—2019 4F AR AL FIEH S A= 4 2, FE )
RS (A7) (P a7 B 2256 H A T (T
TG B B AT R A T R ) IARAEFTE S
R, K 8:00, 14:00 F1 20:00 iC 545 2E W
Jo it i R BT MR S, 10, 15, 20 Al 25cm
REEHE, AP ER 3 . B3 REETE 34
AF 2] () b IR BB AT 08T . A, TEAEIAN TR AR
B WIEAT R, R A AR TR A b — Ak
I A HEAT AR 5

F3 HIHT 2018 4EF1 2019 AEMAE IR SR &

o 40 - g)
5]
3
s
E 2 30
B 'S
m g 20
Y -
g " == 20184 Year 2018
= ) — 20194F: Year 2019
S 10 1 1 1 1 1 1 1 1 1 J
35 45 55 65 75 85 95 105 115 125 13
&5 KA Days after sowing/d
K2 fifedENs

WIFF Y F
2 &5 R

2.1 2018—2019 £RRFBEHTHME

2018 4FEF1 2019 AEAEW A F W< 5 h
23.5 F124.1 C, FFEKES 5% 22.1 F120 mm, F
IR 1.32 1 0.81mes™, P2 K B4R 5143 5
227.5 Fl1 265.2 wm 2, & 2 X T AEF WS IRAK
PR S sl A .

350 - b)

250

pNELE)
Solar radiation/(w-m™)

150

= - 20184 Year2018 !
— 20194 Year 2019
1 1

50,
35 45 55 65 75 85 95 105 115 125 13
&5 KA Days after sowing/d

I RV S5 0 B LA

Fig. 2 Air temperature and solar radiation fluctuations during cotton growth periods
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30 cm JEMY RIEAEAE 35 1.23~1.62.
1.22~1.65 K 1.27~1.54 gem™ (& 3), FEEY R

s g AN, ARAEAFESE 0~10 cm A1 10~20 cm
TREE ) IS 0 I, 20~30 om VRBERY 145
FEAERR A T W AR AR AE 2018 4R AN
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Fig. 3 Soil bulk density change with biochar application rates at different depths
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Table 4 Soil temperature statistic under mulching and no mulching at different depths in years 2018—2019

ARG MRS Ty
Scm 10cm  15cm  20cm  25cm Sem 10ecm  15cm 20cm  25cm

Year-Mulching Statistic ( °C ) Year-Mulching
2018 AR R Max  32.1cd  29.6c  29.2b  27.4b  26.3a | 2019 4FMEM] 323c  29.8b 29.9b  26.1ab  24.5a
No mulching in FARME Min  19.3b 18.8b  19.7a 17.8a 17.0a |No mulchingin 19.1a 20.5a 22.3b  20.0a 19.5a
the year 2018 “F34J{H Mean 24.5c 23.4b 23.8b 219a 2l.l1a | theyear2019 25.6bc 24.4b 249b  22.3a 21.5a
2018 4FME T ffH Max  303c  283b  28.0b 26.6a 26.3a | 20194FMET  32.1¢ 29.2b  283a  26.6a  27.0a
Under mulching Hf%f Min 20.3bc 18.8b  19.0b  18.0a  17.0a |Under mulching 21.0ab 20.8ab 21.0ab 20.9a  20.5a
in the year 2018 “F-¥Jf Mean 24.5¢c 23.0b 23.1b  22.2a  21.3a |inthe year 2019 25.8b 24.7ab 23.8a 22.9a 23.2a

W AT AR AR R R AN RIRE R 22 55 8.3 (P<0.01), Note: Different letters in the same line indicate significant differences at

different depths ( P<0.01) .
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Table 5 Soil temperature at 5 cm depth during the cotton growth period for different biochar application rates

EEM i H
BO B10 B50 B100 BO B10 B50 B100
Growth period Mulching Mulching
FAEEE W Bud stage of cotton 279b 284a 28.6a 29.2a 28.2b 29.0ab  29.8a 30.3a
Jigk i) T
FRAEAEH] Flower stage of cotton 25.0ab 26.3a 263a 27.2a 26.2bc  26.4bc  27.8b 29.5a
No Under
HiE45 4 Bolling stage of cotton 243b 247b 253a 26.3a 24.4b 25.2ab  26.5a 26.3a
mulching mulching
HMRAEWCHR Y] Havesting stage of cotton 23.6b 239a 24.4a 253a 23.8ab  24.6a 25.3a 25.3a

1 T RIATAS R A RE 2R AR AN [B) A 9 5 e b B[R] Y 22 57 .35 . Note: Different letters in the same line indicate significant differences

at different biochar treatments ( P<0.01 ),
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Fig. 4 Soil temperature of 5 to 25 cm under mulching and no mulching during the cotton growth period
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