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Table 1 The effect of plant secondary metabolites on yield increase of different crops

7=/ (kg/hm?) Yield

WEAEY Jiti FH 5 =2 W=/ IRy R
Crops Application CK PSM Rate Year Place

/NHE Wheat MF 4140+270b 4 665+300a 12.7 2015—2016  PISETITITAE DURTIHT B R 8 At
fit Tk Sweet corn MF 12 855+315a 13 530+ 525a 5.2 2022 el K
FLH Rice MF 7 650+285b 8 250+300a 7.8 2021 WIS M T VL T R BT AR A
%% Potato MF 19 305+870b 21 570+990a 11.7 2015—2016  SEIIFAE DURT A s A 54k
213 Sweet potato ME 389704-1335b 44 82041620a 15.0 2022 el KA
TH3% Rape MF 2 820=4165b 34204270a 21.1 2014—2015 el KA
K Soybean MF 2 250=4225b 2 550=4240a 13.3 2022 PRIE VLA W /R T 2 B AL
L1 Alfalfa MF 15 315+765h 19 080+795a 24.5 2018—2019 P52 AR I T BT kR U0 RE 21 AR A
K Garlic MF 7 245+285b 7 830+ 345a 8.1 2016—2017 = Fd4E RIEHI L OB RHERS
K12 Chinese cabbage S 91 3654-1575b 101 3854-2 835a 10.9 2016 el K
H:2E Lettuce S 23310+1240b 26 0701 335a 11.8 2016—2017 ARl K%
HHH Pepper MF 64 680+2590b 72 345+1 855a 11.9 2020 el KA
i F Eggplant MF 109 800+1800b 117 78042 085a 7.3 2022 Al K
% N Turnip MFE 8380543 840b 96 27044 815a 14.9 2021 Aerhll K2
Kt R 19200412006 2247041650 170 2016-2018  WHLEBEHELE BAESREH 5

Guankou grape

R IR A FR Y RIS TS 58 AT, R R R R OR 22 Ak B 590 &K P, FIAl. Note: The experimental results was analyzed using 7-
test, with different letters indicating a significant difference of 5% . The same as below.
K2 TRMETEDMHFHEFEMEFE

Table 2 Germination rate and germination potential

of crop seeds under different treatments %

7] sl R EERB D) FHETR(T)

Crop Treatment Germinative energy  Germinative rate
IKFG CK 85.6+1.1b 92.240.6b
Rice PSM 91.3+0.5a 94.6+0.4a
XS CK 80.3+1.3b 88.54+0.7b
Corn PSM 89.6--1.8a 91.6+0.5a
ik CK 70.64-1.5b 85.64-1.2b
Cotton PSM 81.3+1.8a 91.54-0.8a

2) HE IR A A SHE AR R & & I RE
NP LA 3 TR it FHAS P IR A AT i /N 22 1Y
R ZR BT BRE Sy 2 3k, B KR AR K AR R B3R
TR AR R SRR AR RT3 AR PR R B 15 5
FARE P BRI T 5444 % MR AR B
T AR 5 T 60.57 %60, iR BV R 5 1 73.68%0 , 1%

Feih X R 45 31 AL FE CK on the left and PSM treatment on
the right.

Bl MERERPEE
Fig.1 Scanning image of wheat root

PEAR R T 30.43 % AYIIRI A YL RS w1
Py BIAR TR L, 78 A DK 1 S ML SRR 2R 2R K Y [R] e
P AR AR AR e AR AR (R 4) . DA
EZEIRER I AP IR A A e AR AR AR AR
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R3 TRLETNMNERRIERNEL

Table 3 Changes in wheat root system indicators under different treatments

Ak B FRAH/em BRI /em AR cm? SRR em? SFHJEAR/mm HRIHK/ A
Treatment Max length Length Surface area Volume Average diameter Tips number

CK 31.62£1.23b 512.214112.35b 59.62£18.69b 0.5740.15b 0.3740.07a 815£56b

PSM 35.651.56a 785.614158.56a 95.71418.32a 0.9940.21a 0.394-0.06a 1063+102a
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Table 4 Dry matter and root to shoot ratio of Chinese cabbage and cabbage under different treatments
# it/ b 1= R/
{9y s L em RARMTAE/g i LRRRTRE g i
. = Root dry weight Aboveground dry weight .
Crop Treatment Length Root/Shoot ratio
per plant per plant
KA CK 20.374+0.53a 0.1040.03b 1.31£0.13b 0.078+0.01b
Chinese cabbage PSM 21.93+0.64a 0.1740.04a 1.8340.25a 0.0944-0.01a
3 CK 24.11£0.67b 0.1740.03b 1.3340.15b 0.134+0.01a
Cabbage PSM 26.2341.08a 0.2340.04a 1.72-0.34a 0.1340.02a

3)FE P IR IR A=A P X A RV E Y it R SPAD (B
(IS o P25 AT, 5% BE AR Eb it P AR 4 DR R A=
U & T S8 RS AR/ NE I
SPAD {8 , HIB IS TEA [RIVEY) Z [ s A A6 . 5 X
HERA LG, it P A ) TR AR AR ) I B 8 B i R iy
SPAD {HZE# A B WIA S T 85, Hrh g
I B B R e L IR 3 4.8%4 s R S A SPAD

x5

FE K8 IR BT AR S R 45 8] 7 8, B e N
8.7% ;L i SPADHTE K K M85 T4 & T
2.3% , KRHEIRE FHE T 6.6% ;/N& 1 H SPAD A
FEKBEIREE A3 AR B IRbE G /N A
H0 %) S A R OB A, 7 T S 28 d B K 9.7 %0
P25 SR R R R A A B4R S A E S
(%) SPAD ffi .,

AE4LIE TEYM A SPAD fZ5 4k,

Table 5 Changes in SPAD of crop leaves under different treatments

1E¥) Crop i Period AbFE Treatment SPAD 4§/ ¥ Amplification

He98 il CK 51.10%1.26a 18

Tuber formation growth PSM 53.60+1.04a
oA HeZs i CK 45.70+1.58a 0.8

Potato Tuber bulking growth PSM 46.10+2.03a
ek sy CK 43.80£0.95a 51

Tuber maturation growth PSM 44.70+£0.46a
HOKED CK 28.6040.76a a7

PNEE Seedling stage (nutrient solution) PSM 31.10+£1.23a
Chinese cabbage e SN CK 38.70£0.95b g7

Maturation stage (field ) PSM 42.104-0.53a .

I OkER) CK 38.20-0.35a o8

3% Seedling stage (nutrient solution) PSM 39.10£0.48a

Cabbage I (e CK 55.60--1.23b
Maturation stage(field) PSM 59.30+1.42a 60
OKEE) I Ei A 14d CK 30.521.35b 81

14 days after emergence (nutrient solution) PSM 33.00--1.12a

N OKED IR 21d CK 42.7340.98b
Wheat 21 days after emergence (nutrient solution) PSM 46.13+1.56a 7
KB 5 28 d CK 53.361.11b o7

28 days after emergence (nutrient solution) PSM 58.52+1.95a
OB A RAEYDCERE I, 2.3 #EWRERER X EY B R

H1 2 6 ) il VAR A 5 ok A AR ) B 25 v T /N A
R B A R AL S ) CO, MR FIZE I
T AR 451 7.9% .66.6% . 12.9% F156.3% , &
I T A LB HIME , B0 A 31.7 %, T4 & 1 /N2
F A RET) AR N EAK

500 BEAH LU, Tl AR 0 IR A AR ) 2 3 4 v
T EER R RSB Ve & it (K 2) , 1 AR
TR ER Y R (18] 3) , ELAE W IR O E A P i AR
(PSM-IR) IR 2L T Wi (PSM-S) o 55 % A
LE, WO A IR A AR IS SR S R B R R
3 A B Fr B 2R b Ve i & B il 4R o 1
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Table 6 Changes in photosynthetic parameters of wheat leaves under different treatments
. fifla] CO, e g/ ; )
B VAST s 2 % [ o 2
b FE A mE/ SALFE/ [mmol/(mes)] (pmol/mol) RBEE/ LR GIE
= [pmol/(mes)] . . . [mmol /(m-s)] o
I'reatment . Stomatal conductivity Intercellular CO, L. Pore limit value
Net photosynthetic rate . Transpiration rate
concentration
CK 14.084-0.41b 0.21=0.07b 275.97+8.97b 4.19+0.68b 0.31540.06a
PSM 15.2040.25a 0.35+0.05a 311.61+15.62a 6.55+0.95a 0.215+0.03b
[ [ £ _ | =mCK a
I PSM-IR a 2 20r=psM
1000} CJPSM-S b_I_ g .
o0 c L
= g b S
on O a =]
8 £ b a 10
RS a 4 =
We 500 bk M s
YE 2 d 41
& S ab =
S b b B TS
™ Grape Beet
0 L
W OE BT i) gl e Crops
Leaf Tuber _Leaf  Leaf Flesh 4 AELETEMIESENTWL
¥ RAX B . .
Potato  Chinese  Pepper Fig.4 Changes in crop sugar content
cabbage under different treatments
YE¥) Crops

IR ZE R G B0 AG I8 3BT, AN TR] S g F - AN [R] 201 1] 22 57t 3k
F5% W#FHKF, FF. The experimental results was analyzed us-
ing s-test, with different letters indicating a significant difference of
5%.The same as below.

B2 AELGETEMEERCAENTL
Fig.2 Changes in vitamin C content of crops
under different treatments

EmCK
a CPSM-IR
CJIPSM-S

1 000}

500F

HIREL & B/(mg/kg)
Nitrate content

R BZE MR M AR
Leaf Tuber Leaf  Leaf Flesh
B PNEE BRI
Potato Chinese Pepper
cabbage

e Crops

B3 AELETEMHBEIENTNL
Fig.3 Changes in nitrate content of
crops under different treatments

8.90%.30.58% ,14.70% .13.40% F112.90 % , i 5>
B4R B T 31.70%. 40.80% . 22.90% . 30.95% A
28.51 %% ; Wt A ) VR R AR AW 5 S et e Sk
25 R SRR T B B 25 v g 1R k1) 5 43
TRET 20%.22% .14.23% . 15.13% F1 21 % , HE it 43

BIFEAR T 27.6% .28.8%.23.9% .22.98% #120.27 % ;
Jiti AR 0 U ok A AR 8 RE R m R & i, S5 0t
HEAH LU, A0 105 0k A AR 0 T AR I A 4 1 e
T 21.81 %0, B SRR S AR S T 15.75%0, Bk E T
i E MK ( 4, P<<0.05) . DL B4R YT
AR AT B R AR
3 i i

AP 57 45 SR R DR TR R AR AR e = 1E
P R 15 R B B B RO o LR R T
fil A2 F A R O A A A B T AR A T B T g
T3 AR TR RZAK & T A SPADEFIDE A E
FHRE T, D5 1R 0 4 o B 58 B 14 3 Ji iy o A
PrIg U A AR T Y) AT R 2 0 6 AV R IRLAR ™ 40 )
T BEE IS B N2 RERLTE R A R ) AR 2R
U A A A SRR R T i R
WKW, B R RO RS A
TRV A AR 0 R A2 0 A 38 X 0 5 9% 43 R WM, 2
AR SR W BT R S L, DT B e IR R 43 8T
FE ALY R SRR = A, U AR
PR A= AR 0 R 4 v AR W X B BT R 43 WAL T K
SRR ARG A AR ELAT SRR

FiF & ZF RN A 5 — 20 HEE LR EE
Wy e R R . AN 4 SR 6 WA R W R A A G
Yrfe o P S AT R ERAE R, 5XIK R
L2 38 R IR R A A QI B v b T R 2R B
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PE R E AT R R AR RAEAY K
T AR PR A TR L 7K 43 % 43 ) B B RS, 6 A
Yydh b SRS R . ARG A5 R R A
YRR AP EP IR R A K kB R G HEAE
FH 5556 BEAH L, A U5 U AE AR X /N 22 4R 2R 1) B
KA EARK R R BRI AR SEE AR R
I B AR AR B A L O WA BE 4 =
A i, $E VR AR S L, DR RN
10 N B o e L= B W e R ke Rl 179 3479
fis DA-6 F1 45 47 Bt (DPC) %5 4 47 I8 Uk A= AR 1 4 4
TARAE T A Y AR AR BURIAR 6 L, (2 T MR A
YR RIS A R —3 . SPAD {HGE B 42
SRR B i, R ORAEE T AR &
BEAVE MR SRS R GG R BB A
5 B B i A R OB B RS T S
B NEE KRR S 3R i (SPAD
{ED) 358 /N R R A E L Bt T RIL S
JRLTA] CO, e BE RN 78 1 3 %, Bk 1 ALBR I L 1245
S5 At N it AR 4 Uk A AR P A2 AR B 4 i R
K BRI F SPAD R B 50 6 A 1 AR50 i
AR 87 R A S TR A T B SR A SR — 3. AR SO
FRAE IR U A A ) e B AR P i o, B v T 4%
B R MBHT Ve iS5 BRIC T R Y
S R T RSE R PR A S 2R
i 1 AR IR A AT B e B O BB A A 1Y R
PERETE W25 A0 — 5. LB WSS R s
AR R RIEDR AN AR LT, WIEE R
XoF S5 43 (R WAL, [ ) 3 R it v b b 38 1) A i, 42 o5
M SPAD B A VR ISR EE , i i 42 & i A
[ Ak , e 230 B0 B AR ™ o L RCEE ) b T Y
R
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Application effect of plant-derived secondary
metabolite on agricultural crops

LI Tingxuan'*, XIE Huanhuan', YE Chao', WANG Wenwei', FAN Fugiang'

1. Wuhan Haoda Agricultural Technology Co., Ltd., Wuhan 430070, China;
2.School of Food Science and Technology , Wuhan Business University, Wuhan 430056, China

Abstract To investigate the effect of plant secondary metabolites on the yield increase of different
crops, the metabolites of sugar beet and sugarcane were extracted and separated , optimized in proportion,
and then chelated with humic acid to form a product according to the national standard of water-soluble fer-
tilizers containing humic acid.Field and hydroponic experiments were conducted to study the yield increase
effect and mechanism of this product on 15 crops such as wheat. Two treatments were set up in the experi-
ment: (1) conventional fertilization; (2) conventional fertilization + plant-derived secondary metabolites
products , which were applied by foliar spraying, fertilizer mixing, and root irrigation according to different
crop types. The results showed that compared with the control, the yield of 15 crops were increased by
5.2% to 21.1% by applying plant-derived secondary metabolites. The germination potential of rice, corn,
and cotton seeds increased by 6.6% , 11.5% , and 15.2% , respectively, and the germination rate increased
by 2.6%,3.5% , and 6.1%, respectively. The total root length, total surface area, and root tip number of
wheat roots increased by 54.44% ,60.57% , and 30.43% , respectively. The SPAD values of potato, Chinese
cabbage , cabbage , and wheat leaves increased by 4.8%,8.7% ,6.6% ,and 9.7% , respectively. The net pho-
tosynthetic rate of wheat leaves increased by 7.9% , and the Vc content of potatoes, Chinese cabbage , and
chili increased by 40.8%, 22.9%, and 28.51% , respectively. However, the nitrate content decreased by
28.8%,23.9% ,and 20.27% , respectively. The sugar content of grapes and beets increased by 21.81% and
15.75% , respectively. The above results indicate that plant secondary metabolites could increase the yield
and improve the quality of crop by enhancing the root vitality , promoting nutrient absorption, increasing
chlorophyll content, and promoting the accumulation of photosynthetic products, and have good effects of
improving fertilizer quality and efficiency.

Keywords plant secondary metabolites ; crops; yield ; chlorophyll; root growth

(WAE% . A HF)



