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Effects of simultaneous biochar and nitrogen fertilizer application on the photosynthesis and Cd uptake of

sorghum
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Abstract: To investigate the effects of simultaneous biochar and nitrogen fertilizer application on soil properties and on the photosynthesis
and Cd uptake of sorghum, two soils (YB1 and YB2), which possessed different levels of Cd pollution, were treated with either 0, 2%, or
5% biochar(Bo, B,, and Bs, respectively) and with either 0, 200 mg- kg™, or 500 mg - kg™ nitrogen fertilizer(No, Nao, and Nso, respectively).
The results showed that the highest biochar rate (5%) significantly increased soil pH and organic matter content and significantly reduced

CaCl,—Cd content, regardless of soil type. Meanwhile, nitrogen fertilizer application only exerted significant effects on the CaCl,—Cd content
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of soil YBI1. Nitrogen fertilizer application also significantly affected net photosynthetic rate, stomatal conductance, and transpiration rate,

all of which increased with increasing nitrogen fertilizer application rate in soil YB1. In addition, the Cd concentration of sorghum shoots

was positively correlated with the CaCl,—Cd content of soil YB1, and the lowest Cd content(3.87 mg-kg™) was observed in the BsN, treat-

ment, whereas the highest content(6.79 mg-kg™) was observed in the ByNag treatment. For soil YB2, net photosynthetic rate, stomatal con-

ductance, intercellular CO, concentration, and transpiration rate were significantly affected by biochar application rate. However, stomatal

conductance and transpiration rate decreased with increasing biochar rate. Moreover, the Cd concentrations of sorghum shoots grown in soil

YB2 were positively correlated with stomatal conductance and transpiration rate and were negatively correlated with aboveground biomass,

and the lowest Cd content(3.79 mg-kg™) was observed in the B:Nsy treatment, whereas the highest content(5.32 mg-kg™") was observed in

the BoNy treatment. Therefore, simultaneous biochar and nitrogen fertilizer application affect the Cd accumulation of sorghum shoots by in-

fluencing soil properties, photosynthetic characteristics, and aboveground biomass. However, Cd uptake is also affected by soil type.

Keywords : biochar; cadmium; photosynthetic characteristic; interactive effect; sorghum

T AR, R Tl AL Sl Ak ) PRt i, fin s
A R R HEE K B A AR iR AR
HEAAR V22 [ G A0 X A FH - 398 8 4 G i s []
H 45 28 th B4 Jm HoAY B0 1Y AR W) s 1k, vl e i
PEAR, By TELE WA N s 4R L J UM R B 48 A A A £t
JE 0 32 XU P -2 — , Herb i (Cd) PR A= W 3k
PNNEECY/ R E IR GE T AV 1) RPZ5 S L
ERE Cd g e 1 38 NS 2B T TR
AR GBI 58 AR, TEARZ Cd 5 4 - 318 & i it
Hh JEUAL B A3 A RIVE 3 e - 38 o A28 S A A
B R Cd B MRAAIE 2 | AR A= WA et , it i fEL
P A ARIT RS, SEEE Cd e B R AR AR (% 300 )
M GBERE”  — i Z A &g 2

AW IR A S — ol A ) T e T R R AR T 22
15 PRS2 B & B A A B BT, — R s, HH
A F LRSS R R AR S R AR R
BESLPAT, A=Wy e A A $18 iy 14 pHP, BT B
A S A PG AL 18 Cd S — Rl 2 B2 e
BALAT R, iAWk R REBEAL 1 3% Cd L BAEW)
DEAE i A S5 AF T TR AR 0 LA A 52 A, X - 38k
RESINAE FAT BR™, Rt , A= 9 o Bt A AE |, 4 i) 2
RNEXVEY 387 22 0 H 2, s AUIE AR RE 18 3%
PE AR A A L AR R (H o fg AR Py )
Cd YW Li5E"3 4R 19 2 i H RN F e R B, 24
Jiti 48 200 kg - hm 2 i, /N AEFFRLE- 2 Cd & B A
X BEAL PR 53 pg - kg EFHE 87 pg-kg'o Xiao
1) R a0 45 2R R W, At 2.5% (m/mo) 19 £ ) 13
I, 44 Cd 25 2k Bt 260 9 o 8. 25 PR A 5 T AN e =t
FH 1.5% 19 A= Wy s vk, U8 80t P BE I =5 002 2 4 1 X
Cd Ao Yang S IF 55 o 2 W, it FH o A S R
REAS L KRS Cd YW, PR, 76 Cd 75 s 3% |

A HECIE A Y e 5 RJE X PRV E G B4
HAHEEZ X,

A W) M R o R U A W it X E )
C PR AL Py 52 M fF 9 A 225130, T A= 0 o R it RN XA
W) Cd W W AR 9 B A HE . AR ST R O] Cd 75
YRR -, DL B AT AR 3 o AR AR
S35 RUIE (IR ) e it X 72 3 =358 Cd IR AL B
SENA I - AL AEW A R S5 T TR 2P A R
JLALFE, LR A 3t AR o sl A B 52 Cd 5 e e
MRS

1 #M#REFE

1.1 RBE#

R T 20194E5 J1 23 H & 7/ 26 HAEWI AL &4
b b2 B AR R - AR 5T BT (114°187 E,30°29" N) 7%
AT MR R A A5 I, PR L B AR
BCA M E KA TR 0~20 em BEZ 358, 2 50 %E
o R CA I QA (LA YBL . YB2 o ), H Ak
APRALE R L2 1. YB1 M YB2 4x Cd & 2 23 5 N
1.27 mg-kg ' F10.46 mg-kg ™", ¥ id - HEPRHE i A
FH Hb A 49835 Gy XURS: 48 95 5 1fE (3017 ) ) (GB 15618—
2018 )AL [ IR i 226 11

He W) o S K RS AT AE 450 C iR B 48 41 T 3
it il £ T A, BG4 H AR S BEVR LA A W) A
AL, HELA BRI Pk 5k pH 8.81, A HLER & 151.8
g-kg!, RE0.66%, 2 0.39%, &4 1.21%.

PR = SR S R R BT R FE 245, i e B s R
A S BARAG BRAA vl 44t 8 T b R F  #5 f5
70~85 dFE AFFAEIA , 24 F 1 90~110 d.

1.2 REE it
TR R 24 X B, DA AR it FH 4k X it



TR R R K B R S 2751

F1 AR EERENMER

Table 1 Physicochemical properties of studied soils

R85 AL T A TR A AR £

Soil code Organic matter/g-kg™  Avail-N/mg-kg”"  Olsen-P/mg-kg” Avail-K/mg-kg™ CaCl,-Cd/mg-kg™' Total Cd/mg-kg™
YBI 6.08 48.04 111.92 184.14 0.58 1.27
YB2 5.45 35.50 66. 89 246.59 0.32 0.46
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Table 2 Effects of simultaneous biochar with nitrogen fertilizer

application on soil pH and organic matter content

hb3a pH A HLJE Organic matter/g-kg™
Treatments YB1 YB2 YBI1 YB2
BoNo 6.11£0.02b  5.49+0.05b  48.42+0.17¢  36.44+0.48¢

BoNao  6.06+0.01bc  5.36+0.02cd  49.29+0.18¢  35.83+0.28¢c

BoNsoo 6.01+0.01c  5.30+0.01d  47.12+0.24c  35.56+0.15¢
B2No 6.05+0.04bc  5.47+0.03b  60.08+1.2b  47.34+0.93b
B:Nago 6.12+0.03b  5.38+0.01c¢  57.37+1.58b  44.61+2.49b

B:Nsoo 6.09+0.01b  5.32+0.02cd  60.26+1.57h  47.82+0.16b
BsNo 6.11+0.03b  5.55+0.03ab  70.80+1.45a  61.29+3.13a

BsNaoo 6.19+0.03a  5.58+0.0la  73.27+2.58a 61.43+0.64a
BsNsoo 6.20+0.01a  5.56+0.0la  73.63+6.02a  64.88+0.91a
B ok ok ok ok
N NS ok NS NS
BXN Hk ok NS NS

T R G AR NE Rk R A 3 E] 22 57 . 35 (P<0.05) 5 #P<
0.05;%* P<0.01 ;NS WA EE

Note: The different lowercase letters in a column indicate significant
difference among treatments at 5% level; *P<0.05; ** P<0.01; NS—Not
significant.
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Figure 1 Effects of simultaneous biochar with nitrogen fertilizer application on soil CaCl,~Cd content
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Figure 2 Effects of simultaneous biochar with nitrogen fertilizer application on aboveground biomass of sorghum
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Table 3 Effects of simultaneous biochar with nitrogen fertilizer application on the photosynthesis of sorghum
s st LA LRE WRCOTE e
Soil code Treatments Net photosynt&etlﬁ rate/ Stomatal con(flzucljmce/ Intercellular CO, cor}?entranun/ Transplrallf)zn rﬁle/
pmol m™-s mmol+-m™+s pmol * mol mmol+m~+s
YBI1 BoNo 25.80+1.43ab 0.25+0.02ab 209.33+6.17a 3.89+0.21ab
BoNaoo 23.83+0.54ab 0.22+0.00ab 204.33+3.98a 3.55+0.04b
BoNsoo 26.30+1.82ab 0.26+0.02a 199.00+17.06a 4.08+0.04ab
B2No 22.23+1.45b 0.20+0.01b 197.67+6.57a 3.42+0.08b
BaNawo 25.82+1.52ab 0.25+0.01ab 207.5+6.37a 3.80+0.08ab
BaNsoo 28.27+0.41a 0.27+0.01a 199.17£11.78a 4.22+0.07a
BsNo 23.92+2.66ab 0.22+0.03ab 193.33+5.96a 3.58+0.33b
BsNaoo 24.57+1.02ab 0.23+0.03ab 204.17+10.20a 3.61+0.24b
BsNsoo 26.85+0.29a 0.26+0.01a 212.01£3.01a 3.89+0.08ab
B NS NS NS NS
N * ok NS %
BxN NS NS NS NS
YB2 BoNo 28.83+2.25hc 0.38+0.05ab 253.83+7.96a 4.78+0.32ab
BoNaoo 26.53+1.10¢ 0.26+0.04b 207.67+17.10b 3.86+0.27be
BoNsoo 30.53+0.56bc 0.40+0.03a 254.50+9.75a 5.06+0.23a
BaNo 27.32+1.61c¢ 0.30+0.05b 226.00+16.02ab 4.12+0.51ab
B2Naoo 32.52+1.66ab 0.28+0.03b 219.02+5.77ab 4.10+0.29b
BaNsoo 35.82+0.87a 0.25+0.02b 202.30+25.12b 3.79+0.13be
BsNo 36.16+0.86a 0.24+0.03b 117.50+17.60c 3.69+0.31be
BsNaoo 33.38+2.45ab 0.20+0.04b 115.31x14.62¢ 3.14+0.46¢
BsNsoo 32.85+1.48ab 0.20+0.02b 115.45+8.28¢ 3.22+0.17he
N NS NS NS NS
BxN * NS NS NS

T AR 2SR RSB R ARG PR R b BRI 22 5 .35 (P<0.05) 3 #P<0.055 % P<0.01;NS A AR

Note: The different lowercase letters in a column within the same soil indicate significant difference among treatments at 5% level; *P<0.05; ** P<0.01;

NS—Not significant.

ZRFY]YBL I B miih B Cd i S
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LR I Cd SRS Gs I Tr 5 B 2 IEAI L AR
(P<0.05) , 55 #b b3 A= 9 1 5 J 35 10 RH G OC & (P<
0.05).
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Figure 3 Effects of simultaneous biochar with nitrogen fertilizer application on Cd concentration in shoot of sorghum

F4 YBl TETRM AR CI & 2R MERHEXED

Table 4 Correlation analysis on factors influencing Cd concentration in shoot of sorghum in soil YB1

pH oM CaCL-Cd Pn Gs Gi Tr S-hiomass  Shoot-Cd
pH 1
oM 067+ 1
CaCL-Cd -0.53%* —0.7 1% 1
Pn 0.12 -0.04 0.23 1
GS 0.19 -0.03 0.26 0.8+ 1
Gi 0.26 0.01 0.13 0.17 0.44 1
Tr -0.06 -0.23 0.37% 0,847 0.89#+ 0.13 1
S-biomass 0.2 0.2 0.24 0.3 0.29 -0.1 0.34% 1
Shoot-Cd -0.44% -0.45% 0.35% -0.04 0.02 0.2 0.11 -0.16 1

7£:OM . Pn.Gs.Ci.Tr.S-biomass .Shoot—Cd 73 SR A ML & 4 4%

#P<0.05; %% P<0.01;*** P<0.001, F[d.

BHeE AHLSE IR CO MR ZEIE R b b IRAE YRR Cd

Note: OM, Pn, Gs, Ci, Tr, S=biomass, Shoot—=Cd represent organic matter content, net photosynthetic rate, stomatal conductance, intercellular CO
concentration, transpiration rate , aboveground biomass and Cd concentration in shoot of sorghum. *P < 0.05;** P < 0.01;*** P < 0.001. The same below.

x5 YB2 L ER R LA Cd S EXMERBXES

Table 5 Correlation analysis on factors influencing Cd concentration in shoot of sorghum in soil YB2

pH oM CaCl—Cd Pn Gs Ci Tr S-biomass  Shoot-Cd
pH I
oM 0,745 1
CaCl-Cd -0.55%% 0,795 1
Pn 0.19 0,53 -0.47% 1
S -0.35* 0,65 0.38* 1
Ci —0.63%%%F  —0.85% 0.74% -0.39* 0.8 1
Tr -0.42% 0,68 0.42% -0.04 0,98 0.8 1
S-biomass  -0.61%** -0.23 0.05 0.22 0.16 0.27 0.17 1
Shoot-Cd 0.02 -0.25 0.08 -0.04 0.44% 0.27 0.48% ~0.47% 1

SEEEL P Gs Ci M Te /N T 2RSSR, 2 it
GER7/ B R (R DR X ey N s ALK (7B
ARG AR TR , TN = BEA Tt
HEMM R MY RM R AOF5EH, YB1 1%

L BUIRK OR3P Gs B Te AT B0, 2
A G L8 0 880 08 0T 830 2
Abid ZEPIEF 5 R % B, A 4 5 0 FH AT LA D 6% Cd X
PRI AR B IRE , (ES PRI R . ARTSEAs SRR
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B, YB1 58 b FH AR P e AR 0 i S B Rt A
FR 3% AT AE S R Cd A R B TR, T YBI
FIECAT5 Y (1.27 mg-kg ™) AR m A K = A i A
Ko YB2 B3 b AW X Pn Gs  Ci Fl Tr 3947
WS 5 T e S Gs L Ci A T A5 Bifi 26 ) o FH 1
ST T R AT P B A, 3K W B R v A A it FH 4 (5% )
il AR K IR R 2 — o SR 2 RISk
B, K I P s e A W o KA KA — e R
PRI
3.3 £S5 RIEER ET S R i _E & Cd IR U R 220
e e B R Cd 5 s AN A2 3 Cd AR A Rk
DS, 38 5 AR MR Cd AW B VIR o6 o A
FELYBL A3 I b 3R Cd & 2 B Ak
oI 7T ARG B 328 5 Bk BoNaoo A0 BRAT , it 2240 i AE —
ERRE PR FER Cd S HE R E Cd
Ty T CaCL-Cd i 2 W IEAH X LR, MY
FREEVERS I TR EM LR, ARG
IR it FH A= 90 e RERR AR YB1 -3 CaCl,-Cd % & ;
7 [7] — A= 9 it FH B A8 it 207K P34 Jn e 4t v 38
CaClL-Cd 5, XFEWYB1 +3E AW AN+
T 1 R 4 3 CaCl—Cd 75 &, PR 5200 = 32 . -
X Cd B, T YB2 3 b A RS A/
AKX} e B b 13 Cd 7 B 2 0 B ) HLBE e
RUKOEBEIN, 5 e i 3 Cd S A R, X
AT B B R it K388 T e AR o . A e, X
Cd &g —E “WBAE M . BRI 5% 4= 9 b st
AE i & PRI YB2 13 CaClL-Cd & &, (H 5 32 |35
Cd % &85 CaCL-Cd G B F KR M5 A
Gs Fll Tr it 3 IEAHOC . X AT RESZ I R 7E YB2 13 I,
5% A=) e A T SR A DT 5 | S 1o 5
AR CAE S . Liu W5 28, S0 H 184k
AR FEAEAE AR Cd B T .

4 ZEig

(1) Wik 3 b 3800 A= 9 ¢ F i RE4R & 3% pH
(BRI ML 25 1, X v S b3 A A iR R
SeAe b ] AR B ACE S e vk m R K

(2)TEHHEE Cdi5 e 13 I, AW e FH R 3 A%
14 CaClo-Cd 75 it , Yol /b e 3R b5 Cd Wi s RUIE K
PHEINR E CaCl—Cd % 1, {2 = 3 b |35 Cd i
R Cd 5 Ye 13 |, 13 CaClL-Cd & TANAE 5%
A=) e R B S ARG (EL R SR b Cd W i L
A AR 5 B B I G

(3) A=W 7 5 RUNE C e mT 52 Wi 2 3 A XS
Cd HY I, S B Az 77 v AR 5 1 e 45 S PRI P60
AL EE 31
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