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Abstract; Taking one-year-old seedling of Rhododendron delavayi Franch. as material, and peat was
supplemented with 10% , 20%, 30% and 40% ( volume fraction) wood biochar or rice husk biochar to
compose 8 groups of composite substrates, the differences of physical and chemical properties among
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different groups of composite substrates were compared, and the variations of growth and photosynthetic
physiological indexes and mineral element content in leaf of seedling as well as their correlations with
physical and chemical properties of composite substrates were analyzed. The results show that
morphological structures and physical and chemical properties of wood biochar and rice husk biochar are
all different. With the increase of volume fraction of wood biochar or rice husk biochar, pH value,
electrical conductivity, aeration porosity, total porosity, and contents of P, K, Mg, Na, Fe and Mn of
composite substrates gradually increase in general, water holding porosity and N content gradually
decrease in general, Zn content has no obvious change, and each physical and chemical index of most
composite substrates have no significant differences with those of the control (peat). With the increase of
volume fraction of wood biochar, the height, ground diameter, leaf number per plant, leaf area per
plant, dry mass of each organ per plant and total dry mass per plant of seedling and relative content of
chlorophyll (SPAD), net photosynthetic rate (Pn), transpiration rate (Tr) and stomatal conductance
(Gs) of leaf first increase and then decrease in general, and water use efficiency ( WUE) gradually
decreases; contents of N, P, K, Mg, Na, Fe, Mn and Zn in leaf gradually increase in general. With the
increase of volume fraction of rice husk biochar, except for height of seedling, other 7 growth indexes and
SPAD, Pn, Tr and Gs values of leaf gradually increase in general, and WUE value gradually decreases
in general; contents of P, Mg, Fe and Mn in leaf gradually increase, and contents of N, K, Na and Zn
show a fluctuated variation. The correlation analysis result shows that there are no significant correlations
of height and ground diameter of seedling with each physical and chemical index of composite substrates;
intercellular CO, concentration and WUE value of leaf show significant negative correlations with total
porosity of composite substrates; leaf number, leaf area, dry mass of leaf and dry mass of root per plant,
and SPAD, Pn, Tr and Gs values all show extremely significant or significant positive correlations with
total porosity and Mn content of composite substrates, and show significant negative correlations with pH
value, electrical conductivity and Na content. The comprehensive analysis result shows that composite
substrates composed of wood biochar or rice husk biochar and peat can promote growth, photosynthetic
metabolism and mineral element absorption of R. delavayi seedling in different degrees; adding the
volume fraction of 20% wood biochar or that of 40% rice husk biochar, the growth of seedling is relatively
good and the photosynthetic ability is relatively strong.

Key words: Rhododendron  delavayi  Franch.;  biochar;  composite  substrate;  growth;
photosynthetic characters
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Table 1 Comparison on physical and chemical properties of test peat, wood biochar and rice husk biochar

B E/(g-omd)  pHIE HS%R/(dS - m!) JCE G/ (g kg')  Element content

Sample Bulk density pH value Electrical conductivity N P K Mg Na Fe Mo Zn
Y Peat 0.12 5.85 0.47 124 055 1.48 078 0.13 058 0.05 0.02
KB Wood biochar 0.37 9.47 1.63 122 072 638 191 040 1.8 0.12 0.03
FE5¢H¢ Rice husk biochar 0.15 8.44 0.68 0.87 0.70 5.08 0.93 0.18 0.97 048 0.02

2.1.2 KRAefG i m oM XFARBFNRE TR 45
FEATINES 25 (K] 1) B7R RS AR S R
ARASELIN s HA Bips Z L2454 , FLi i/ N B 00,
FLARIERY 1.15~2.31 pm (K 1-A) . FEFEHIERA
N FLARBEK, HES 30% , fLARVE I Ry 3.15 ~ 10.00
um(E 1-B)

213 AMR-REESERGEALERT AFEH
AWy e — e e B A L B MR T L 2, 4R
N2 48 S AR R 53 80 20% L 30% F 40% A Hx 1Y
W20 W30 1 W40 &4 585t 1) 25 F B0 IR (Ve k) 47

WK T 38.9% 66.7% 1 77.8% , 25 535 B3 (P<
0.05) 7K 5 TS AN 5] Eb ) 8 72 2 1) 52 A 26 ot 1 2%
FEEXTITC I E 225 WK B FIRS 76 o 1) &2 6 3k
IR pH B SRR I, Forbr, W30 il W40 &2 A LY
pH 4 5 3 & T X B, W40 & A BRI pH {8 & &
(pH 6.56) ; HiAth 6 4152 & FE Ay pH A 5 XTI TC 1
FHES . S HEGHTH L W20, W30 F1 W40 &
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Fig. 1 Structures of wood biochar (A) and rice husk biochar (B) under SEM

®2 TELBIEYR-BREGERNENLIERLE (XSE) Y

Table 2 Comparison on physical and chemical indexes of biochar-peat composite substrates with different proportions ( X+SE)!
R e eny g SRR mame e RIS samee e e
Substrate Bulk density pH value conductivity Aeration porosity porosity Total porosity N content
CK 0.18+0.01¢ 5.52+0.28¢ 1.41+0.11d 12.33+0.72d 54.51£3.21a 66.84+3.93¢ 8.99+4.50a
W10 0.20+0.01be 5.61+£0.29¢ 1.55+0.14cd 13.82+1.08d 53.44+2.96a 67.26+3.78¢ 9.04+4.52a
W20 0.25+0.01b 5.88+0.30bc 1.66+0.15bc 16.81+1.14cd 51.04+2.68ab 67.85+3.82¢ 8.82+4.31a
W30 0.30+0.02ab 6.11+£0.21ab 1.78+0.14b 22.60+1.33bc 47.44+2.62b 70.04+3.94bc 8.75+4.93a
W40 0.32+0.02a 6.56+0.30a 2.15+0.17a 28.13+1.65ab 40.72+1.98¢ 68.85+3.64¢ 8.34+3.57a
R10 0.17+£0.01¢c 5.50+0.28¢ 1.36+0.10d 16.52+1.17¢d 55.43+3.26a 71.95+4.23bc 8.74+4.32a
R20 0.17+£0.01c 5.57+£0.28¢ 1.40+0.09d 19.44+1.19¢ 53.70+3.14a 73.14+4.12ab 8.63+4.11a
R30 0.18+0.01¢ 5.66+0.29¢ 1.43+0.12d 24.28+1.87h 50.62+3.15ab 74.90+4.43ab 8.54+5.97a
R40 0.18+0.01¢c 5.84+0.30bc 1.45+0.11d 32.33+2.45a 46.01+2.18b 78.34+4.66a 8.28+3.64a
R JLE AR/ (g - kg'')  Element content
Substrate®) p K Mg Na Fe Mn n
CK 3.39+0.15a 9.49+0.47¢ 3.77+0.24a 0.84+0.06bc 0.35+0.18b 0.31+0.01d 0.10+£0.01a
W10 3.31+0.15a 9.68+0.53hc 3.76+0.36a 0.85+0.05bc 0.36+0.18b 0.33+0.02d 0.10+0.01a
W20 3.47+0.17a 11.18+0.56b 3.84+0.34a 0.89+0.07he 0.37+0.20b 0.33+0.02d 0.11+0.01a
W30 3.55+0.18a 11.78+0.59ab 4.11+£0.38a 0.96+0.09ab 0.39+0.22ab 0.36+0.03cd 0.11£0.01a
W40 3.75+0.20a 13.12+0.66a 4.14+0.40a 1.09+0.09a 0.44+0.25a 0.41+0.03¢ 0.12+0.02a
R10 3.56+0.16a 9.33+0.47¢ 3.72+0.30a 0.82+0.05¢ 0.35+0.17b 0.34+0.02cd 0.10+0.01a
R20 3.43+0.17a 10.15+£0.51bc 3.79+0.31a 0.85+0.04hc 0.35+0.17b 0.40+0.02¢ 0.10+£0.01a
R30 3.54+0.16a 11.69+0.83ab 3.87+0.28a 0.86+0.04bc 0.37+0.19b 0.55+0.04b 0.11+£0.01a
R40 3.67+0.18a 12.63+0.58a 3.83+0.29a 0.86+0.05bc 0.39+0.20ab 0.71+0.04a 0.11+£0.01a

D )51 Hp AR [R) B/ PRk R 25 5 58 (P<0.05) Different lowercases in the same column indicate the significant (P<0.05) difference.

P CK: X HE(J875) The control (peat) ; W10, W20, W30, W40: 53 B AABM L 10% 20% 30% 1 40% A i 55 A LI A HET The composite
substrates are composed of peat with 10% , 20% , 30% and 40% ( volume fraction) wood biochar, respectively; R10,R20,R30,R40: 43 FAARFLI3 %L
10% .20% 30% 1 40% A& 572 5 5 Ve 7% 40 1Y 524 L T The composite substrates are composed of peat with 10%, 20%, 30% and 40% ( volume

fraction) rice husk biochar, respectively.
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®3 AELHEDR-BRESERTDEMBHEEKIERNER (X£SE) Y

Table 3 Differences in growth indexes of Rhododendron delavayi Franch. seedling in biochar-peat composite substrates with different proportions

(X+SE)Y
FP——

D BT/ em HA%/ mm BRI %L PRI em? b iﬁ%%%ﬁ E TitE/g 1
:‘ l)\t 12 H'z hlt Ground Leaf number Leaf area ry mass of each organ per plant
Substrate g .

° diameter per plant per plant R Root 2£ Stem I Leaf 13 Total
CK 19.56+0.71b 4.65+0.26ab 16.87+0.62bc 12.44+0.68bc 0.78+0.05bc  0.94+0.05b  2.57+0.10c  4.29+0.37hc
w10 19.18+0.96b 4.38+0.24b 17.20+1.13be 12.66+0.90bc 0.81+0.05b  0.95+0.06b  2.55+0.15¢ 4.31+0.41hc
W20 22.99+1.15a 4.87+0.27ab 17.47+1.00b 14.69+0.81a 0.91£0.06a  1.17+£0.08a  3.12+0.19b 5.20+0.55a
W30 20.95+1.31ab 5.14+0.29a 18.50+1.02ab 14.37+1.25ab 0.86+0.05ab  1.19+0.07a  3.01+0.15b 5.06+0.57ab
w40 19.88+1.06h 4.48+0.27b 15.17+0.83¢ 10.89+0.67¢ 0.71+£0.05¢  1.00+£0.07b  2.37+0.18¢ 4.08+0.54c
R10 19.12+0.95b 4.35+0.27b 15.69+0.97bc 12.35+0.82bc 0.76+0.05bc  0.91+0.05b  2.59+0.11bc 4.26+0.36¢
R20 19.96+1.07b 4.69+0.26ab 17.21£0.95bc 13.94+1.03ab 0.85+0.05ab  0.93+0.05b  2.61+0.16bc 4.39+0.44hc
R30 21.07+1.25ab 4.51+0.30b 18.21+1.01b 14.03+0.96ab 0.85+0.05ab  0.97+0.17b  2.87+0.18ab 4.70+0.51ab
R40 19.95+1.11b 4.77+0.32ab 20.73+1.15a 15.23+£0.79a 0.89+0.06a  0.99+0.07b  3.13+0.19a 5.01+0.53a

D [J3) RN 7] 1 /NE PR R 25 5 1 35 (P<0.05) Different lowercases in the same column indicate the significant ( P<0.05) difference.

2 CK: XFHE (Y8 5¢) The control (peat) ; W10, W20, W30, W40 435 AFE 10% ,20% 30% F1 40% A 5% 5 6 5 4L 1 42 4 FEFR The composite
substrates are composed of peat with 10% , 20% , 30% and 40% ( volume fraction) wood biochar, respectively; R10,R20,R30,R40; 437 MR FL /344
10% 20% 30% F1 40% K& 5% 5% 15 I8 7 41 ) (1) 52 4 H 5T The composite substrates are composed of peat with 10%, 20%, 30% and 40% ( volume

fraction) rice husk biochar, respectively.

F4 FELGIEDR-BREGERPIBABHHM F G EBIBRMNER (XSE)Y
Table 4 Differences in leaf photosynthetic physiological indexes of Rhododendron delavayi Franch. seedling in biochar-peat composite substrates
with different proportions (X+SE) Y

AP

Substrate? SPAD Pn Tr Ci Gs WUE

CK 43.97+2.20a 10.83+0.54bc 3.32+0.17b 302.90+15.15a 0.25+0.02ab 3.26+0.20a
W10 45.84+2.49a 10.80+0.64bc 3.36+0.17b 305.25+14.86a 0.24+0.02ab 3.21+0.21a
W20 46.52+2.28a 12.91+0.75a 4.11+0.21a 280.50+14.39a 0.29+0.02a 3.14+0.29a
W30 46.16+2.81a 11.89+0.66ab 4.00+0.20a 287.72+14.23a 0.27+0.02a 2.97+0.25a
w40 41.04+3.34a 9.39+0.74¢ 3.24+0.16b 323.28+15.25a 0.22+0.02b 2.90£0.22a
R10 43.71+£2.39a 10.74+0.56bc 3.49+0.20b 308.73+16.16a 0.23+0.02b 3.08+0.29a
R20 45.88+2.84a 11.68+0.78ab 3.86+0.20ab 296.01+14.80a 0.25+0.02ab 3.03+0.25a
R30 46.82+2.92a 11.77+0.86ab 4.02+0.20a 288.48+14.12a 0.27+0.02a 2.93+0.23a
R40 46.88+2.55a 12.04+1.00ab 4.09+0.19a 282.73+15.44a 0.28+0.02a 2.94+0.21a

DSPAD. M4 3 #f % & & Relative content of chlorophyll; Pn: it J% & 5 % Net photosynthetic rate ( pmol - m™2 - s7'); Tr; 7% 5 %
Transpiration rate ( mmol - m2.s! ) Ci; fiflH] CO, e & Intercellular CO, concentration ( pmol + mol™! ); Gs: S LS Stomatal conductance
(mol + m™ + s71); WUE: /K4H %R Water use efficiency (umol - mmol™'). [A151 ff A6 (/NG 6 /R 22 5 1.2 (P <0.05) Different
lowercases in the same column indicate the significant ( P<0.05) difference.

2 CK: XFHE (Y 5) The control (peat) ; W10, W20, W30, W40, 433 AFE 10% . 20% 30% F1 40% A 3% 5 6 5 4L 1 42 4 FE R The composite
substrates are composed of peat with 10% , 20% , 30% and 40% ( volume fraction) wood biochar, respectively; R10,R20,R30,R40: 437l AT /%4
10% .20% .30% F1 40% F& 7¢ 1< 5 U6 e AL 1Y &2 4 F i The composite substrates are composed of peat with 10%, 20%, 30% and 40% ( volume

fraction) rice husk biochar, respectively.
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R5 TERGENR-BRRESERPSELBHEN AT RTREENER (XSE) "

Table 5 Differences in mineral element contents in leaf of Rhododendron delavayi Franch. seedling in biochar-peat composite substrates with

different proportions (X=SE)Y

KEILETE/ (g kg™)

MEITTEHFE/ (mg - kg™")

He 5 Macroelement content Microelement content
Substrate®
N P K Mg Na Fe Mn Zn

CK 1.98+0.10a 1.61+0.09a  17.45+1.13c¢ 1.31+0.08b 0.35+0.02b 117.11£5.86d  30.63+1.53¢ 17.78+0.98a
w10 1.99+0.12a  1.63x0.11a  17.30+1.03¢ 1.38+0.09ab 0.36+0.03b 124.03+5.95d  33.04+1.65¢ 18.12+0.99a
W20 2.09+0.11a  1.74x0.11a  18.63+1.10c 1.38+0.12ab 0.38+£0.03ab  141.03+6.63bc  36.81x1.84de 19.00+1.16a
W30 2.08+0.12a  1.73+0.12a  20.52+1.08ab  1.49+0.09ab 0.38+0.03ab  147.66+7.30ab  44.48+2.23d 19.93+1.21a
W40 2.10£0.13a  1.80+0.15a  22.46+1.14a 1.54+0.11a 0.44+0.04a 164.11+£8.21a  49.77+2.49d 19.78+1.24a
R10 1.93+0.10a  1.60+0.12a  17.65+£0.99¢ 1.33+0.09b 0.34+0.03b 119.43+£5.56d  64.96+3.25¢ 17.48+0.98a
R20 1.95£0.09a 1.64+0.12a  16.98+0.85¢ 1.35+£0.07b 0.35+0.03b 129.67+5.65¢d  80.78+4.04b 17.75+1.02a
R30 1.91£0.12a  1.69+0.14a  18.68+1.02bc  1.36+0.08b 0.33+0.03b 131.92+6.18cd  84.58+4.23ab 18.27+1.13a
R40 1.88+0.11a  1.76+0.13a  20.58+1.16ab  1.40+0.10ab 0.36+0.03b 137.55+£6.63bc  100.94+5.05a 18.21+1.18a

D [J3) d N 7] 1 /NG R R 25 5 i 35 (P<0.05) Different lowercases in the same column indicate the significant ( P<0.05) difference.

2 CK; XTHE(YE#% ) The control (peat) ; W10, W20, W30, W40, 2351 ARF4L 10% 20% ,30% F1 40% A 5% 5 e 5% 40 R 1) & 425 The composite
substrates are composed of peat with 10% , 20% , 30% and 40% ( volume fraction) wood biochar, respectively; R10,R20,R30,R40; 435 I {RFL %L
10% .20% .30% Al 40% F&i 7% 5 5 e ¢ 2 i) & 4 3 i The composite substrates are composed of peat with 10%, 20%, 30% and 40% ( volume

fraction) rice husk biochar, respectively.

ST T 16.0% F1 8.0% , L] CO, ¥ J& N 43
BIREAR T 7.4%H1 5.0% ; 78 W40 &4 FEFH, 1 F 1
M-SR AR i G R R HR RAL S A
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M123.2% , STALFE S HITHE T 8.0%F1 12.0% , il i)
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ERBUISFRIE X ES

LA RS 4 i AR K S AR I ROL A A B R AR S
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B, 52 AR pH {H B 5 R M Na 5
FHSE M 78 AR AL R 5 2 A
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*6 DEUMBHEERNHAFASEEREERSESERENERENEXRE
Table 6 Correlation coefficients of growth and leaf photosynthetic physiological indexes of Rhododendron delavayi Franch. seedling with physical
and chemical indexes of composite substrates

JekRD 58 AL E PRI MIE R ED)  Correlation coefficient with physical and chemical indexes of composite substrates?)

Index! BD AP TP WHP pH EC Cx Cp Cx Chg Cna Cre Chin Cy,
h 0.096 0.084 0.126 -0.076 -0.118 -0.164 0.051 0.056 0.202 0.038 -0.145 -0.110 0.121 0.052
Dy 0.104 0.216 0.275 0.201 -0.163 -0.194 0.044 0.071 0.169 0.101 -0.178 -0.142 0.188 0.089
n -0.130 0.392: 0.558 0.304 -0.447+ -0.486*%  0.063 0.194 0.227 0.111 -0.372%  -0.047 0.465*%  -0.087
S -0.162 0.446x 0.495x 0.316 -0.489% -0.505%  0.077 0.185 0.269 0.128 -0.406%  -0.096 0.501* -0.114
m -0.078 0.343* 0.567* 0.264 -0.378+ -0.444x  0.047 0.234 0.292 -0.102 -0.416% -0.106 0.408%  —0.096
my 0.054 0.056 0.596+*  0.218 -0.243 -0.237 0.025 0.198 0.219 0.152 -0.087 0.125 0.212 0.012
my -0.114 0.412x 0.634+x  0.293 -0.411% -0.452%  0.061 0.289 0.305 0.116 -0.393% -0.087 0.454%  -0.103
SPAD -0.196 0.304 0.523* 0.337+% -0.345% -0.412%  0.051 0.266 0.340% 0.128 —-0.374% 0.074 0.346%  -0.087
Pn -0.213 0.282 0.644+*  0.354% -0.478% -0.453%  0.046 0.208 0.335% 0.154 -0.388% -0.132 0.350%  -0.031
Tr -0.145 0.394: 0.656+*  0.383% -0.433% -0.394%  0.019 0.294 0.384: 0.069 -0.362%  -0.165 0.368+  —0.055
Ci 0.269 -0.314 -0.545+%  -0.282 0.4023 0.504%  0.024 -0.071 -0.018 -0.113 0.269 0.178  -0.265 0.132
Gs -0.171 0.367+ 0.613+*  0.361% -0.456% -0.511%  0.081 0.252 0.377+ 0.106 -0.353% -0.089 0.357: 0.069
WUE -0.669+* -0.312 -0.467x* 0.530% -0.541% -0.574%  0.102 -0.315 -0.364% -0.243 -0.556% -0.567% -0.528+ -0.314

D Bk Height; Dy : #5142 Ground diameter; n: HERM 4K Leaf number per plant; S; BRI Leaf area per plant; m, ; SRR T FiE Root dry
mass per plant; m,; JAERZET i Stem dry mass per plant; my: BRI T FTfE Leaf dry mass per plant; SPAD: M-4gZ A%} & it Relative content
of chlorophyll; Pn. Bt i # Net photosynthetic rate; Tr; 75 R Transpiration rate; Ci; Ji Ja] COZ‘ZZ?JE Intercellular CO, concentration; Gs: =
L5 Stomatal conductance; WUE KA R R Water use efficiency.

Y BD; ZH# Bulk density; AP il fLERJE Aeration porosity; TP EFLEREE Total porosity; WHP ; #57KfLEREE Water holding porosity; pH: pH i pH
value; EC; Hi F:# Electrical conductivity; Cy: N &4 N content; Cp: P &1 P content; C: K &1 K content; Cy: Mg B Mg content; Cy, :
Na 75 Na content ; Cp.: Fe Frig Fe content; Cyin: Mn i Mn content ; Cyn: In i Zn content. * ; P<0.05; *%; P<0.01.
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