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Effects of Substrate-mixed Controlled-release Fertilizer on
Physiological Characteristics and Tobacco Seedling Quality

WANG Li-hua', CHAI Zhen-yang', WANG Lu', CHENG Hao-ran',
TANG Xing-gui’, LUO Ming-quan’, LIU Xiao-ang’, MO Ze-gang’, ZHU Ying-hua"

1. College of Agronomy/Anhui Agricultural University, Hefei 230036, China

2. Guizhou Tobacco Company Qiannan Prefecture Company, Duyun 558000, China

Abstract: To evaluate the feasibility of substrate-mixed controlled-release fertilizers (CRF) in the intensive tobacco seedling
cultivation and to simplify the fertilization process, this study uses Yunyan 87 as the test material. It sets conventional seedling
fertilization as the control (CK), and applies five gradient levels of substrate-mixed controlled-release fertilizer: T1 (23 g/tray), T2 (46
g/tray), T3 (69 g/tray), T4 (92 g/tray), and T5 (115 g/tray). It also measures various indicators such as photosynthetic characteristics,
osmotic adjustment substances, and carbon-nitrogen metabolism. The results show that the electrical conductivity of the seedling
water in all CRF treatments is significantly lower than that of CK. The emergence rate and seedling formation rate of the T2 treatment
show no significant difference from CK, but they are significantly higher than those in the T3—T5 treatments, effectively ensuring the
quality of emergence and seedling growth. Compared with CK, the T2 treatment significantly reduces the malondialdehyde (MDA)
and proline (Pro) content in tobacco seedlings, maintaining cellular stability; it also significantly increases the net photosynthetic rate
(Pn), sucrose phosphate synthase (SPS) and sucrose synthase (SS) activity, promoting a significant increase in the soluble sugar
content, dry matter accumulation, and strong seedling index, as well as early growth and rapid development after transplantation. The
T1 treatment has significantly lower total chlorophyll content, Pr, maximum photochemical efficiency of PSII (Fv/Fm), nitrate
reductase (NR), SS, and SPS compared to the CK, with reductions of 7.37%, 17.49%, 3.84%, 27.47%, 13.37% and 14.89%,
respectively. This leads to significant decreases in soluble sugar and soluble protein contents in tobacco seedlings, by 32.44% and
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11.17%, respectively, ultimately significantly reducing dry matter accumulation, strong seedling index, and seedling formation rate.
The T4 and TS5 treatments have significantly lower photochemical quenching coefficient (qP) and electron transport rate (ETR) than

those in CK, while the proline content is significantly elevated, causing damage to the tobacco seedling photosystem and cell

membrane, thereby reducing photosynthetic performance and carbon-nitrogen assimilation capacity. Based on principal component
analysis and membership function evaluation, the ranking of seedling quality from highest to lowest is T2>T3>CK>T4>T1>T5. In
conclusion, strong seedlings are cultivated by optimizing the photosynthetic performance, cell osmosis regulation, and carbon and
nitrogen metabolism of tobacco seedlings with one-time fertilization of CRF (46 g/tray, N-P,O-K,0=14 : 14 : 14), achieving
simplification of the fertilization process while ensuring nutrient supply.

Keywords: Tobacco; controlled release fertilizer; photosynthetic characteristics; osmotic adjustment substances; carbon-

nitrogen metabolism
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Table 1 Effects of different treatments on conductivity of seedling-raising water for tobacco seedlings

L 3%/(mS-em™!)

yiLd Conductivity
Treatment T RE R MiME)E 15 d JEAE)S 30 d Mt )5 40 d
Before fertilization 15 d after fertilization 30 d after fertilization 40 d after fertilization
CK 0.21+0.01a 5.16+0.24a 4.60+0.21a 3.96+0.25a
T1 0.21+0.01a 0.82+0.04f 0.78+0.02f 0.71+0.02f
T2 0.21+0.01a 1.01£0.05¢ 1.01+0.06¢ 1.23+0.09¢
T3 0.21+0.01a 1.38+0.07d 1.65+0.12d 2.16+0.13d
T4 0.21+0.01a 1.70£0.12¢ 1.97+0.12¢ 2.31+0.16¢
T5 0.21+0.01a 2.12+0.11b 2.56+0.15b 2.45+0.12b
T B 5 AR A R NG - RS A B ) 22 AT G2 3 L (P<0.05), T Al
Note: Different letters indicate significant difference at P<0.05. The same below.
% 2 FRILIEXT I E H e Ha AR e S0
Table 2 Effects of different treatments on tobacco seedling emergence indices
AbER HEHY% /% Y ETE AL Uk R B /%
Treatment Emergence vigour Emergence rate Emergence index Vigor index Seeding rate
CK 54.38+0.25b 96.33+1.34a 16.68+0.27b 13.33+0.60b 89.31+0.73a
T1 55.69+0.44a 96.32+0.90a 16.79+0.42ab 14.95+0.56a 78.30+0.47¢
T2 54.25+0.38b 96.37+0.54a 17.78+0.68a 14.06+0.51ab 89.77+0.25a
T3 42.81+0.56¢ 92.08+0.76b 16.17+1.12b 8.95+1.07¢ 84.15+0.34b
T4 34.88+0.88d 90.43+0.81¢c 13.49+0.16¢ 7.32+0.51d 78.09+0.41¢c
TS5 33.44+0.81¢ 89.57+0.74¢ 13.35+0.55¢ 7.15+0.71d 69.49+0.74d

2.3 FECEXESEMERZES 2RI

U 3 B MR BT (43R a AR R b AT
2 2 RN B PORE I T R A 0 A 1 o, L
T A B35 ik, 5 CKAREL, T1 AP 4%
EXNUE SN Flllin s Foly- eRE b i

I3 M 5.80% - 11.54% F117.37%; T2—T5 AL FE 1+
SR Fa O R W E SR, BEIE 70 0 N 5.31%.5.80%
6.76% F16.76%; T4 TS AL FR [ 4 B & 2 B 3
P, MRS 3.86% F14.21%. T1AbFR [)iH-4%
Fafit e g & e B E KT T2—T5 4bHE,

R 3 FEIALEIHEE IR RS ERIFMN

Table 3 Effects of different treatments on chlorophyll content in tobacco seedlings

Qb3 4t Ea/(mg-g") M4 £ b/(mg-g ") MR RS/ (mg-g )
Treatment Chlorophyll a Chlorophyll b Chlorophyll content

CK 2.07+0.09b 0.78+0.02a 2.85+0.02b

T1 1.95+0.04¢ 0.69+0.02b 2.64+0.04¢

T2 2.18+0.05a 0.74+0.03ab 2.93+0.06ab

T3 2.19+0.06a 0.74+0.03ab 2.92+0.03ab

T4 2.21+0.09a 0.75+0.05a 2.96+0.03a

T5 2.21+0.07a 0.79+0.03a 2.97+0.08a

24 AEILEITFEEBELSFERRI

HE 1A%, 5 CK ARG, T2 AL EE 1) Pn 2 3
Femn, IR N 8.21%, T1 AL H ) Pn 2 3% FA1K, [4
8~ 17.49%. T1—T5AE M) Gs#55 CK Z 7 A
B H T TS A B Gs 5 T2 AbHE 2 3% PR

B M 18.31% 19.72%. MM 1 14 L 1] CO, & &
(Ci) i 42 8 JELFH 2 1 384 g PR A1, T1 Adh 38 8 =%
T CK, W08 N 5.74%, T5 4L R 3 3K T CK, [%
BN 5.74% 0 75 M3 28 CTr) DU Tt 2 8 I ) 2 44
Inse Tk e Ja BRAK, T AN Tk B35 KT CK, &
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Fig. 1 Effects of different treatments on photosynthetic characteristics of tobacco seedlings

AN EAR T RIS 5% K R . .

Note: Different letters on the bars indicate significant at 0.05 level. The same below.
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Fig. 2 Effects of different treatments on fluorescence parameters of tobacco seedlings
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Note: In the figure, the solid line in the box represents the median, and [] represents the mean.
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Fig. 3 Effects of different treatments on osmotic adjustment substances and MDA in tobacco seedlings
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Fig. 4 Effects of different treatments on carbon and nitrogen metabolic enzyme activities in tobacco seedlings

BB E T AR B SO B R SR F
H7 L AR M, FLE TR RN
52.67%. HEHEFR Tr Ci 5ART 5 U7E F2 N7
AR F2 T ST N 29.02%. 7
AN T R TR 81.68% , 1T S IUMK FE A K
SRS IR A THT R T 42, SR AE OB 788 A 7 1k %

JEIAHEAIE 7T
2.10 ARG EEE K RERERN
N

MR 2R 5 AT 50, K 23 AN IR R A 9 24
ML G55 18 AR F-Fyy Z JE RIS 2 AN G5B fa b F

=)
=4a



- 824 - AR A R 224 (H SRR A R

57 %

x4 FEAEIFEERZMERE FYIRRARE/IFM

Table 4 Effects of different treatments on tobacco agronomic traits and dry matter accumulation

S ok > S ok >
Bk B AT -
o N Y - T MR .
gL SOFE] ZfF/em Z5[l/em R Tii/g THi/g HHERUe
. . (em’/#%) Root-shoot o
Stage Treatment Stalk height  Stalk girth Stem dry Root dry ) Seeding index
Leaf area . . ratio
weight weight
CK 7.0+0.21c  1.91+0.15¢c  173.21£3.52b  0.98+0.09b  0.05+0.01ab  0.07+0.01ab 0.33£0.01b
JE ) T1 4.240.10f  1.40+0.20e 94.77+2.47d  0.51+0.15d  0.04+0.03ab  0.09+0.03a 0.22+0.03d
Seedling- T2 8.1£0.13a  1.96+0.19bc  205.23+8.70a 1.17+0.44a  0.06+0.02a 0.05+0.01b 0.36+0.04a
formation T3 7.7£0.26b  2.16+0.10a  188.16+4.35ab  1.00£0.24b  0.05+0.01a 0.05+£0.01b 0.35+0.04a
stage T4 5.8+0.13d  2.02+0.09b  177.86+3.06b  0.72+0.16c  0.03+0.01ab ~ 0.05+0.01b 0.29+0.02¢
T5 4.8+0.24¢  1.78+0.16d  154.99+7.54¢c 0.46+0.12d ~ 0.03+£0.02b  0.06+0.02b 0.21£0.01e
Bk 15d CK 5.540.50b  2.77+0.93b  580.91+0.15b  3.15£0.31b  0.18+0.04b  0.06+0.01a -
15 d after
. T2 7.2+1.89a  3.01+1.19a  676.05+4.79a  3.92+0.44a  0.26+0.05a 0.07+£0.01a -
transplanting

75 M E 23 MEKIERR R HUAE RS R AR HIE(E A ST R

Table 5 Load matrix, eigenvalues and contribution rates of 23 growth indices for tobacco seedlings

2% L e 2

AR ARRR . FEOCHR
Growth indicator Load of each principal component Primary association
F1 F2

N[ FH Leaf area 0.967 -0.140 F1

2575 Stalk height 0.948 0.286 F1
644K Net photosynthetic rate 0.939 -0.292 F1
WERHERE R & R Sucrose phosphate synthase 0.922 -0.074 F1
Tl EPERE Soluble sugar 0.912 0.075 F1

N % Methylene glycol -0.897 -0.338 F1

MG B Sucrose synthetase 0.873 0.263 F1

Z:# Stalk girth 0.872 -0.231 F1

THPRIA IR Nitric acid reductase 0.865 -0.151 F1
A% H Soluble proteins 0.828 0.069 Fl

S FLF ¥ Stomatal conductance 0.824 0.136 F1
4% % %5 & Chlorophyll content 0.744 -0.574 F1
HEHHE# Seeding index 0.728 0.499 Fl

ek L Root-shoot ratio -0.516 0.509 F1
T % Emergence vigour -0.055 0.968 F2
Hi 1 %€ Emergence rate -0.044 0.937 F2
H 1 5% Emergence index 0.209 0.933 F2
7% 7 7K Transpiration 0.086 -0.830 F2
i1 R &6 Root dry weight 0.401 0.788 F2
Jiti[5] CO, ¥ ¥ Intercellular CO, concentration -0.258 0.726 F2
A R Seeding rate 0.618 0.722 F2
%% Proline -0.516 -0.687 F2

FHIE(H Eigenvaleu 12.11 6.67 -

BTk % Contribution rate 52.67 29.02 -

Z3T 5k F %Accumulate contribution rate 52.67 81.68 -

18, M AT, T 5 SR bR E (0 o AL
H W H AR @O TR, 2 ML SR SRR /)

2 0.64 F10.36. M6 T %N, DB #ER FE B iZ Ak
PR T 2R TR, IR R RPN T2>T3>CK >
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T4>T1>T5, 6 DAL FE 1) 45 &V F A 1E N (0.24~

0.98), Z R K (CV=28.18%>10.00%) »
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Table 6 Comprehensive trait F -index values, weights, #(x) and comprehensive evaluation scores (D) for different

treatments
LB SR R A
Comprehensive indicator value Membership function value
Treatment D-value Order
£ £, ! Hy
CK 0.16 0.62 0.66 0.84 0.72 3
Tl -1.76 1.03 0.00 1.00 0.36 5
T2 1.15 0.93 1.00 0.96 0.98 1
T3 0.90 -0.06 0.91 0.56 0.79 2
T4 0.18 -1.08 0.67 0.15 0.48 4
TS -0.64 -1.44 0.38 0.00 0.24 6
3 it JE LB oK B 3 2Z 5 _E R F T 45 R AL
AY

e 408 37 2 VL RE & WA EL , B B4 R
JIE— P 2 VR R it P mT b e AR O, T AN
T E LR R, 3 A A i
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