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Effects of biochar on seedling quality and
root physiological characteristics of melon

MA Guangshu, LIANG Xiao, ZHANG Ting, LI Runzhe, LIAN Hua
(College of Horticulture and Landscape Architecture, Heilongjiang Bayi Agricultural University, Daqing, Heilongjiang 163319, China)

Abstract ; Different biochar amounts (0, 10, 20, 40 g - kg™' and 80 g - kg™", respectively) were added to
the seedling nutrient soil to evaluate the effects of biochar on soil physical properties, root surface area, root physio-
logical indexes and seedling quality of melon seedlings through pot culture from April to July 2021. The results
showed that different amounts of biochar improved soil physical properties. Among them, the treatment of 80 g -
kg™ was the most effective, with soil pH and water content increased by 1.86% and 3.16% respectively compared
with CK, and the soil bulk density decreased by 5.93% compared with CK. Compared with CK, different amounts
of biochar improved the physiological characteristics of muskmelon roots, and the treatment of 40 g - kg™' was the
most effective. The root activity, nitrate nitrogen content, nitrate reductase activity ( NR), catalase activity
(CAT) , peroxidase activity (POD) , superoxide dismutase activity (SOD) , ascorbate peroxidase activity ( APX)
and polyphenol oxidasea activity ( PPO) of melon root increased by 20.88%, 5.70%, 126.67%, 10.47%,
23.42% , 31.58% , 54.21% and 62.88% respectively at 25 days after emergence. Compared with CK, different a-
mounts of biochar improved the root surface area of muskmelon seedlings, and the treatment of 40 g - kg™' was the
most effective. The root volume, total root absorption area, active absorption area, percentage of active absorption
area and root specific surface increased by 21.07%, 40.19%, 71.82%, 22.56% and 15.76% respectively

compared with CK at 25 days after emergence. Compared with CK, different amounts of biochar could improve mel-
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on seedling quality, and the treatment of 40 g - kg™' was the most effective. The plant height, stem diameter, leaf

area, whole plant fresh weight, whole plant dry weight, root shoot ratio and strong seedling index increased by
34.87%, 31.71%, 33.91%, 31.92%, 45.10% , 64.94% and 43.33% respectively compared with CK at 25 days

after emergence. The research results showed that the biochar application promoted the morphogenesis of melon

seedlings, enhanced the quality of seedlings by regulating root physiological activity and improved rhizosphere soil

environment.

Keywords: melon; biochar; seedling quality ;root; physiological characteristics
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Fig.2  Effect of biochar on nitrate nitrogen content and NR activity of melon seedlings root
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Fig.3 Effect of biochar on the activities of antioxidant enzymes in roots of melon seedlings
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HYRERT CK, /95 11.44% 8.17%; CK 1Y
PPO WETERAR, 79 0.306 U - g7, ZERUKH G 25
d, T3 4B PPO 3 PER &, M 0.746 U - ¢T3 3%
=T CK, T, T2, T4, 4 5 & 62.88% , 34.66%
17.11% 20.13% ;T2 5 T4 Z A 22 F A B FHH %
W % & T CK,T1, 43 5 5 39.08% . 14. 98% #iI
35.59% .12.09% ; T1 .3 5T CK(20.96%) ; CK [
PPO IHMERAK, M 0458 U - ¢7'
2.2 YRR X E R4 R R E AR RN

FERTRHES 25 d, W T A Y A R AL FE T
A v AR AR AR 2R A W A T R RT3 R W A T
LT T I BRI T R 43 L FNAR H T, 4
mFE PR, £ 1R, AP RA R LT ETRL)
TR AAC R AR 2R W A T LRI i R PR A v AR 8%
T CK, T3 AbHR A AR AR AR 2R S IR A T AR T B
W WS AR s, 4 M 0.293 em® .0.865 m*,0.622
m>;T3 25 F CK.T1, T2, T4, &4 5 &
21.07% 11.41% .6.16% .3.90% , AR & B Wz g 18 FH 43

FRAY 525 71.82% 43.65% 25.66% .18.70% ; T4 T2
T1,CK Z ¥ 222 F R, CK AR MR &R &
W2 A TF R 3% R TR WA 1T AR X AR AIG, 4300 Sk 0.242
em® 0.617 m*.0.362 m*, T3 ¥ IR W UAe 1 AR 1 40 L
FIRR Lo e T 34 de i, 4390 A 71.908% F1 2.952 m? -
em™ ;T3 BEETF T4 T2 T1 . CK, 1% BRI ifi AL B
S mliE 22.56% 14.09% 6.63% 4.71% R L3
T3 5 15.76% . 13.02% . 11.02% .9.09% ; T2 . T4
IR Tk Z M ZEF AR EE - HEH R
ZE T CKLUTL, 70 385 14.94% .8.96% il 17.05% |
8.96% ;T2 T4 MR HLFTH 2 [0 25 5 AN B0 K
WEET CK.T1, 2 9 4.27% . 1.80% F1 6.12% .
3.60% ; T1 3% BRI TAT AR F 43 b RITAR b2 T 35 i 2%
T CK, 20 5 7.43% . 2.43% ; CK 33 R W% g T AR
A 53 R FE R AL, 70518 58.671%F1 2.550
m’ - em™, UEHIFE I, i FH A 2 A ) T AR R
FRAAT MR 2R i W8 A v R R 3% R W% A T AL, I 4
BRI LASRAS B 22 0 5% 43 FK 4%, 3885 &0 1 AR et 1L
PEmAh i,
2.3 A=Wk b AR X EH TN 4h B T A R AR RO B2 M
FEETGH TG 25 d, 5 T AN [E AT R4
BBk ZEHL T R b b T AN T R M
TER AR AT E A R R T
i AR L FCH e 5, S5 AR 2 iR, R 2 &
8127 N[ L ) N0 S 7 = I L T AN 7S
g B AR T T AR E L AH R R A R B —
EES, FIREERERIER T YLD T3 R,
5 CK,T1,T2, T4 #H Lk, F bk & 20 505 35.14% |
27.14% .21.09% . 15.35% , 25 KL 43 5 5 31.71% .
23.93% 17.76% . 8.31% , W [ #2435 755 33.91% .
29.36% . 12. 58% , 24. 27% , 4> ¥k ¢ i & 7 9 =
31.92% .28.23% .19.85% .18.12% , 4= kk T JFi i 3
15 45.10% 37.04% 27.59% 17.46% , H: 38 505
1 43.33% .19.44% .13.16% .10.26% ; T3 5 T4 5
bz 258 B EH A B E ST CK T, T2,
I3 9 T 64. 94% . 56. 79% . 47. 67% F1 57. 14% .
49.38% 40.70% ; CK # 15y  Z2H | I 1T FH | 42 bk fif o1
B AR R AR H AU S B AR, AR
FE T S FH A8 24 A ) o 6 i T 40 T 98 25 S R4
AR R EA e VR, AT 38 K4 i A ek L, $2 it
BIHRE, v A
2.4 WA YR IR BN
FERDTGH S 25 d, 008 TSR T - 580
pH {H /KM E, 2503 3 pin. T4 +IER



218 TR XA AT 5540 %
x1 EYrRERNHNSERZTEROI M
Table 1  Effect of biochar on the root area of melon seedlings
fh R R FR I W T .F\ fﬁ/‘??ﬁﬁ'&qﬁﬁﬁ E iﬁﬁ[ﬂqﬂl[ﬂfﬂﬁﬁtlﬁ *ﬁtb%ﬁﬁ
Tréalment Root volume/em? Total root absorbing Root actively absorbing Percenta-ge of active Root specific surface

area/m> area/m’> absorption area/% /(m?* + em™)
CK 0.242+0.015¢ 0.617+0.026e 0.362+0.011e 58.671+2.045d 2.550+0.145d
T1 0.263+0.009d 0.687+0.031d 0.433+0.024d 63.028+3.347¢ 2.612+0.162¢
T2 0.276+0.016¢ 0.734+0.021¢ 0.495+0.023¢ 67.439+2.624h 2.659+0.162b
T3 0.293+0.012a 0.865+0.034a 0.622+0.031a 71.908+5.047a 2.952+0.185a
T4 0.280+0.012b 0.763+0.029b 0.524+0.034b 68.676+4.432h 2.706+0.132b

T R AP R BRI e An e 22, RPUAR R NG FREROR 225 8.3 (P<0.05) , T A,

Note : Values are mean values=standard error in the table. Different lowercase letters mean significant difference at P<0.05 probability level within the

same column. The same as below.

R2 AEWRERX IR EFSEM BRI

Table 2 Effect of biochar on morphological formation of melon seedlings

Ak Bk cm ZEH/em I om? Ltk F/ g AT g MR L ALER R
Treatment  Plant height Stem diameter Leaf area Fresh mass Dry mass Root shoot ratio Strong seedling index
CK 2.435+0.162d 0.287+0.012e 20.743+1.325¢ 1.181+0.082d 0.102+0.008d 0.077+0.002¢ 0.030+0.002d
T1 2.583+0.185¢ 0.305+0.022d 21.473+1.467d 1.215+0.071¢ 0.108+0.004cd 0.081+0.003b 0.036+0.001¢
T2 2.712+0.132b 0.321+0.017¢ 24.673+£1.625b 1.300+0.032b 0.116+0.009¢ 0.086+0.004b 0.038+0.002b
T3 3.284+0.214a 0.378+0.019a 27.777+1.412a 1.558+0.045a 0.148+0.006a 0.127+0.008a 0.043+0.002a
T4 2.847+0.177b 0.349+0.025b 22.353+1.385¢ 1.319+0.061b 0.126+0.007b 0.121+0.006a 0.039+0.002b

x3 EYRERNTEMEIRE R
Table 3  Effect of biochar on soil physical properties

OS] 0 KR/ % B/ (g em™)
Treatment P Water content Bulk density
CK 6.98+0.32¢ 19.95+0.87¢ 1.25+0.08a
Tl 6.99+0.28¢ 20.12+1.32¢ 1.24+0.06a
T2 7.02+£0.62bc  20.32+0.94b 1.24+0.03a
T3 7.05+£0.53b 20.65+1.63a 1.23+£0.07a
T4 7.11+0.61a 20.58+0.84a 1.18+0.07b

pH {Hi &, b 7.11, B #F & T CK . T1,T2. T3, 535l
55 1.86% . 1.72% 1.28% .0.85% ;T3 B3 & T CK,
T1, B4R 53R 1.00% F1 0.86% ; T2 55 T1 ,CK Z|A]
o 2% 5 CK 1 pH {H AR, 4 6.98, T3.T4
W EKEZRIEZF AR EME EHREET
CK . T1.T2, 43 5 3.51% .2.63% .1.62% F1 3.16% .
2.29% 1.28% ;T2 &K & 3 & F CK.T1, 43l =
1.85% 1 0.99% ; T1 ,CK Z [l JC i F P25 55 CK %
IKEEAK, 7 19.95%, T4 HIER R E M, H 1.18
g+ em” B EMLT CK.T1.T2.T3, 500K 5.93% .
5.08% .5.08% 4.24% ;CK \T1 T2 T3 ) HIEKEZ
) 2 S W 3, U I I 0 it P 2 4 e i it 4
pH (HAIE KT+, A B - e ad e, xF
s A Y PR A BURAE A

30w

VEM o 7 A ™ 14 ) B il 2 SR A s 1 A=
PR T A e AR U E AR R E b O TR AR

RERB  m R AR R 0 B — 2 A8
o CHRFTED) O R R T (A ) Y R
Atigm R, R, MR R IE AR A: BARHE 2
WARBTREE R, SEYH FHAERER X
FARR O IR R LT IR A K A
FEE e A B ER
FERRAR ZR 105 7 0 M PR AR 2R 25 B TR M 5 55 19 1L
FERAE R R0 1 BRAE 52 Wl AEL AR T 40 o i) SR AR S A
PREYIE A3, DT 52 0 AR IR 19 A= K & 7 F 1T 5 1)
RERR AR AR R R v A % S e
MRG0 T i 9
AIG AR R AR R A KA R AR s, &5
R, 57K 09 /Kl A 7E3E A B AR R T R
Foh MK ARRER AR R I 7 DL R W 5 AR R
TN 44.64% (119.94% 43.88% 4.15% Fl 14.14% ,
AT 6 53 AU e AR R A A S A A A & 0
SIS IR I 2.58 A5 RN 9.43% 5 14 TOHA S5 BIF5T
B AR B X Mk 2 AR 2R A Y MR AR AR AR Y s
Mo , 25 5 B SRS A S AR R B B B R T
AR — AR B AR gk SRR AL
B A SUERONT BRI A AN [) 72 B 38, 4l Le xR
WY 50.53% 42.66% .13.64% .18.51% ,44.94% |
5.48% 37.01% il 54.41% ; & F ARG I K15 11 AR
FRIEIRIL Il (NR) 4% BL5E 2 i (GOT) M4y N %
S (GPT) 3G M4y 5 b X B2 & T 19.04% |
29.80% .6.56%F1 19.91% ; H 72 4= 5 & 300 IR 42
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1 T 18.90% ; 344 40k 55 1) Bk 4 45 A ik 1 40 o B 2R
B T ZEYE TR Voesenek 2520 BF 57 & 91 24 1R
BrAa o i ARE A RRAR K AR i R R 2 8
THOMAFR R RO AREH WK RRELR
TR SR 2R A 3 SR W A T AR, A R T A R W
gr. AWRFEZE R W, 6 1 1, it B3 X A= ) e ]
DABE i IO R AR R R A R g T B R I R
WA R, i v E 3 B I ST R E 43 L RITAR B 3R T
FUEHRG i ) ARAS 55 22 10 55 0 A K 43, A2 40
BB, DA T3 BIAE 9 & i o XU BT 40
g« kg N HRCR S F . X T RE SR BT AR W A
ZAL, T DAREAIRIE T 25 1, 34 I FL IR 8, 384 in 56 5 1y
BT R A A nT DAk AR AR A SN R B
XA 2R JA L 53 4 ) A4 10 7 A 3 4 8K AR AR R R
KIFHEmAR RIE 11,

HEHTHE BN 2y T 25 A B AR R b, a2
PEM A 45 () £ B S Qi B SR 55
WA LA TR bR W) R SR 46 br AR B8 A5
AR AEA REWERG AW, 2802 9% & B, i T AL
Wt AR AT OtREFIE  TY R A i H
BRI 2 e, I T AR 3G 0 0 5 T AR R 1
SEAAERE Ty, O bk R4k 7 Py 36 AR & (A 4k
P 53T b B I AR 2R 2 AT RE 7 14 5 DA T 5 e
JRAR S 5 i BT, MR T AR R R I
WA E Y A B A K Y — T B AR B, T B R R
PR AR ITRE 7 A5 55 5 5K SCHT 450 W58 T AN Rl K
SRS [R) A= 0 it P %o YR 5 38 ik v L 25 ML) 5%
i), 25 SR BH | N [A) A 0 5 it FH St %o 2% i R = 1)
M) FS AR 7], 3 7K 5 43931 2~ 0.8 ET ( Evapo—Transpi-
ration, 78 R ZEMEHE) 1.0 ET 1.2 ET W}, F ik =
K H it A ) oo it FH B 1 3 I ES m;0.8 ET 1.0
ET 1.2 ET HEKETT, 5% WA= 9 s it Jin 2 5% 36 i 25
REL A S8 X A P e R 0 B A W e A Sy 945 )
AT DA A e 5 T i R e I A AR B
MERR 5 B A A 0 B AR 45 R R E R R
IR W e RSO A ) o Y AT b = B v R A 1 A
Yyt MO AE D) e I RCR B BA . ekt 2B P
AT M - A A R B A R R R A
MUFR &I T 91.9% . 78.5% . 114.0% .32.5% .
159.4% ; U3 i ese P A5 0 Jie Ak B %) A S I Ak v L b
P2 fF AR R A O BECZE A He 4 B o T
53.1% 20.4% 18.9% F1 79.2% , AWF5E45E T,
Jiti FHAE 24 A e ] AR v TR = 2 T A
P AR AR 58 SO RN T O A, oA e b R H: P s A
FEOE L BGE A B L, PRIE T & RS i i, DL T3

AR et 3 0T R 5 A W it I - 1S5 4
HICEA B VIR, AR KB, % 0 AE 9 s al LA
P N pH E, BRAR - HEAS E W £ 88 5K
i, UL T4 BRI 5 T i 80 g - kg™ X
Y EEPR O O A, T3 R RCR BT, 3X
A RS R R A I — ol LA W B R S K G
G a1 e R TN RO B ST 7/ 5 i e e w9 =8
PEim T RMEmRR B B T LB > T AESR
X5 Gul 455 & B Wy AT LA A - SR
AR G E 5% 4308 B | 18 T ik [ 47 1) 0F 92 25 SR —
., [ AP LR i &0k | LR EBUR, IF
HARA SR BIMCRE S A B T 1 b 5
Z K TNFRA T iR A K

FEPIAR 2 B0 T 25 728 1k Al BE 5 52 M AT 49 X6 35 77
JCERML Y RIS R kB, R A RS
M NAR RIE A, 5 & A b R S AR R AR iR
Tt T R T, AR R R SRR R R R
WCTETFR 3 BRI AR A G, AR SR 45 R R W it
FHIE 244 9 s o] DL v I 40 v S 7 o AN i
AR I (NR) 36 M, 2 E 9 A R4l i B 26
B, R T A A EE A T3 B AR R, NR AR
AP A R D ) S I, E LA A B AR Y
FERE R, NR 36 AT DAE A H A AR e s
FERR L RS S VR A R R AR G 3=
BLEEHR,NR (36 M = K B AR A R R E
TR FHACR VR b o F0 = 4 7 A — 2 1
gm0

FEIEH AR T, AP 2Uh A 6 2
A SR TR, — B2 B 5T aa
TR R Z 4 8 B K, R IR 8 &7 05
FH, 0, SETG M4, SO0 40 i R55 375 1 34 AR 3
WL, MY Z BN 0%, N T IE BRI IS PR
A ML R T i SOD  CAT  POD %40 i 13t 8 Ak
BifE A 2R e, AR A SR L, R e
15 d #1125 d, A=Wy it I 4 e 1 F RS R &R
CAT .POD SOD, APX PPO &5 AL g i %, f2 i T
FRA A $i i T4 B, X Se i S AL g ]
T WA 6T S T 6 P o 1 e S DTG R A
A= AR T TP A 5 R A R R sk g

4 & ik

i LRIk LY AR T IR BAIR LA T4
B A= ¢ i i XUT R B 80 g+ kg™ N FH AR i
U5 [ o i R R TORR 28 2F SRR 30 s AR SR T AR, 2
PETRHRA RIS, $2 0 1T 4 s, DL T3 B
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55 40 45

A E ST R 40 g - FHECR i
U, FEEHNH S 25 d, Bkt e T 4 pH
KR T4 73 H CK $255 1.86% F1 3.16% ; F#AI%
T, W CK A R E & ST RO ¢ -
kg ' FEAK 5.93% , TEEDRHEG 25 d, T3 BRLhH
WA/ MRAMSE S & . NR,CAT,POD SOD,
APX .PPO 4351 CK 1 20.88% .5.70% ,126.67% .
10.47% 23.42% 31.58% 54.21% .62.88% ; H3 A FH
R R S S T AR SRR A TR R 9 R 2 A T AR
A3 H FIAR Fb # 1m0 43 ) e CK /& 21.07% ,40.19%
71.82% 22.56% 1 15.76% ; &t IN4h Pk iy (254

TIFR ARt o i | Ak 1 o o | AR e LU R 1 45 4R
S CK 1 34.87% .31.71% . 33.91% . 31.92% .
45.10% 64.94% 43.33% .,

& % X k.
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