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Inherent physiological mechanism of nitrate nitrogen in suppressing Fusarium
oxysporum infection and increasing growth of cucumber plants

WANG Min, ZHOU Ben, ZENG Ji-xing, WANG Rui-rui, ZHU Lin-xing, SHEN Qi-rong, GUO Shi-wei"
( College of Resources and Environmental Sciences, Nanjing Agricultural University/

Jiangsu Provincial Key Lab for Solid Organic Waste Utilization, Nanjing 210095, China )

Abstract: [ Objectives ] Continuous cropping obstacles seriously impact the development of facility agriculture.
Nitrogen forms affect the occurrence of Fusarium wilt of cucumber, the inherent physiological mechanism is
studied in the paper. [ Methods ] A hydroponic experiment was conducted using cucumber cultivar of Jinchun 2
and Fusarium oxysporum f. sp. cucumerinum (FOC) as materials. Four nutrient solution treatments included
ammonium-N supply and without or with FOC inoculation in the grown plants, nitrate-N supply and without or
with FOC inoculation in the grown plants. The plant height, root length, biomass, disease index, chlorophyll
content, photosynthetic characteristics, leaf temperature were measured at 8 days after inoculation. The
ultrastructure of mesophyll cells were observed, and plant total N, soluble protein and soluble sugar content were
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analyzed. [ Results ] The nitrate-N nutrition significantly suppressed the disease index of cucumber Fusarium
wilt as compared to ammonium-N nutrition. Plant growth and biomass production were markedly increased in
nitrate nutrition. Without FOC inoculation, the plants supplied with ammonium-N had higher net photosynthesis
rate, stomatal conductance, transpiration rate, carboxylation efficiency and apparent quantum yield as compared to
those in plants supplied with nitrate-N. With ammonium-N nutrition, the infection of FOC resulted in damage to
the chloroplast structure, which significantly reduced the photosynthetic rate, stomatal conductance, transpiration
rate, intercellular CO, concentration, carboxylation efficiency and apparent quantum efficiency. However, the
photosynthetic characteristics of nitrate supplied plants were not affected by FOC infection. Under non-
inoculation of FOC, the leaf temperature and water use efficiency (WUE) of ammonium nutrition plants were
significantly lower than those of nitrate nutrition plants. FOC infections markedly increased the leaf temperature
and WUE of ammonium nutrition plants, while had no effects on nitrate nutrition plants. Leaf temperature was
significantly and negatively correlated with transpiration rate, and positively correlated with WUE. The contents
of total N, soluble protein and soluble sugar in the root of ammonium supplied plants were significantly higher
than those of nitrate supplied plants, thus inducing the pathogen infection in ammonium nutrition plants. After
FOC infection, the soluble protein content in the root of ammonium supplied plants was significantly increased,
while the soluble sugar content was decreased. FOC infection had no significant effect on the soluble protein and
soluble sugar content of nitrate supplied plants. [ Conclusions ] Nitrate nutrition can effectively suppress the
disease index of cucumber Fusarium wilt, maintain the integrity of the chloroplast structure, keep the normal
photosynthesis and growth of cucumber plants, and reduce the transport of carbohydrates to the root, thereby
inhibit the infection of pathogens and the occurrence of diseases. In the facility cultivation of cucumber, we should
appropriately increase the application of nitrate fertilizer and decreased the input of ammonium fertilizer to
suppress the occurrence of soil-borne wilt.

Key words: nitrogen forms; cucumber; Fusarium wilt; photosynthesis; leaf temperature
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Table 1 Cucumber growth indices and disease index under different treatments

b M (cm) R (em) M (g) ZE1HE (9 R (2) LEES S UHIELE
Treatment Plant height Root length Leaf dry weight ~ Stem dry weight ~ Root dry weight SPAD value Disease index
A 59.25+435b  26.75+£2.22b 1.35+£0.13b 0.69+0.10b 0.21+0.02b 4575+231a 0
86.00+3.16a  4425+492a 1.89+0.26 a 1.04+£0.08 a 0.33+£0.09 a 37.33+0.89b 0
Al 49.75+4.03 ¢ 18.50+£2.08 ¢ 0.86+0.15¢ 0.51+0.06 ¢ 0.13+£0.02 ¢ 3428+ 1.76 ¢ 78.3+10.2
NI 81.00+4.32a  39.50+6.24a 1.68 £0.10a 1.00+0.06 a 0.29+002 a 37.25+£1.10b 0

H (Note) : FP IR N FEHELPRMEZE Data in the table is mean = SD; A—# S E A E No FOC inoculation and supplied with
ammonium-N; N—fi A A No FOC inoculation and supplied with nitrate-N; AI—FOC inoculation and supplied with ammonium-N; NI—fi§
AW FOC inoculation and supplied with nitrate-N; [FIFI4E 5 A R FRER /R AL BEEIFE 5% /K25 5 % Values followed by different letters

in a column mean significant difference among treatments at the 5% level.
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Table 2 Photosynthetic parameters of cucumber plants under different treatments
Jb3E oL E R SALTEE Ji[R)CO, ¥ E i U BRABCE FM TR
Treatment P, [CO, umol/(m?-s)] G, [H,0 mol/(m?-s)]  C,;(CO, umol/mol)  E [H,0 mmol/(m?s)] CE o
A 1726 + 148 a 0.70+0.14 a 341+15a 791+£0.70 a 0.061 £0.004a  0.044+0.004 a
N 1479+ 1.44b 0.42+0.06b 325+22ab 6.13+0.56b 0.051£0.004b  0.047+£0.004 a
Al 1047 +3.16 ¢ 0.13+0.06 d 254+31¢ 2.74+1.01d 0.037+0.002¢  0.025+0.005b
NI 12.83+£2.22b 0.27+0.09 ¢ 301 +£26b 452+095¢ 0.053+£0.006b  0.044+£0.003 a

7 (Note) : CE—Carboxylation efficiency #H#(#i > Mean + SD Data in the table is mean + SD; A—# & A A No FOC inoculation
and supplied with ammonium-N; N—fEZ& & A No FOC inoculation and supplied with nitrate-N; AI—4#%Z5%$% K FOC inoculation and
supplied with ammonium-N; NI—f8 4 & #%H FOC inoculation and supplied with nitrate-N; [F5 %385 AS B FHE R AL HL A 7E 5% K- 5 18
2 Values followed by different letters in a column mean significant difference among treatments at the 5% level.
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Fig. 1 Light response curves and CO, response curves of cucumber seedlings under different treatments

[ (Note) : A—
with nitrate-N; AI—4%
nitrate-N.]

EASF A No FOC inoculation and supplied with ammonium-N; N—filZ & A5 No FOC inoculation and supplied
% $E FOC inoculation and supplied with ammonium-N; NI—fi§ %% FOC inoculation and supplied with
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& 2 FRIAIBE BRI F B RMLEH
Fig. 2 Chloroplast ultrastructures of leaves in cucumber seedlings under different treatments
[# (Note) : A—E5%2 A No FOC inoculation and supplied with ammonium-N; N—Ffi§ & & A H No FOC inoculation and supplied
with nitrate-N; AI—4Z5%(4% % FOC inoculation and supplied with ammonium-N; NI—#§Z5%(#% % FOC inoculation and supplied with

nitrate-N.]
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Fig. 3 Leaf temperature of cucumber seedlings under different treatments
[7E (Note) : a—RIAEJI R YL 8 FHFHE A KR A H IR % 434 Thermal image of cucumber plants in 8 days after inoculation; b—2R71
JITHR G )5 35 RAE AR TR 19 31 25754k Dynamic of leaf temperature in cucumber seedlings after FOC inoculation; A—# A& £ No
FOC inoculation and supplied with ammonium-N; N—flZA & A4 No FOC inoculation and supplied with nitrate-N; AI—# 25 & 32 FOC
inoculation and supplied with ammonium-N; NI—fEZ%%(#% % FOC inoculation and supplied with nitrate-N.]
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Fig. 4 Correlation between leaf temperature and transpiration rate or water use efficiency of leaves
[ £ (Note) : A—# % AHH No FOC inoculation and supplied with ammonium-N; N—Ffi§ 25 & A # No FOC inoculation and supplied
with nitrate-N; AI—4 2% # % FOC inoculation and supplied with ammonium-N; NI—f§Z5 % # FOC inoculation and supplied with

nitrate-N.]
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Table 3 Nitrogen, soluble protein and sugar content of cucumber seedlings under different treatments

by 4% Total N (mg/g, DW) A% 1 Soluble protein (mg/g, FW) ] Soluble sugar (%)

Treatment

R Root 2% Stem I Leaf #R Root 2% Stem M Leaf R Root 2% Stem I Leaf

51.7+12.7ab 27.7+6.6b 503+11.1a 122+0.18b 0.50+0.13b 4.76+£0.69a 2.16+0.57a 2.84+0.57a 424+026b

36.7+88¢c 232+40b 444+122a 0.70+£0.13¢c 0.51+0.09b 4.57+0.76a 144+031b 2.11+£031b 3.19+0.20¢c
Al 558+23a 433+22a 41.6+120a 149+0.12a 185+0.56a 2.62+041b 132+034b 1.45+034c 493+0.17a
NI 41.1+4.1bc 284+65b 454+50a 0.66+0.07c 086+021b 3.97+0.74a 1.15+0.16b 2.11+0.16 b 3.00£0.09 ¢

# (Note) : A—4ZASE A No FOC inoculation and supplied with ammonium-N; N—iZS Z AN H No FOC inoculation and supplied
with nitrate-N; AI—£¢23 & 4% % FOC inoculation and supplied with ammonium-N; NI—fifZ5%&4% & FOC inoculation and supplied with nitrate-N;
[RIZ B4 I AS R R R AR [RIAL BEIA]7E 5% /K22 55 3% Values followed by different letters in a column mean significance among treatments at

the 5% level.
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Ao RN FEIE SRR B SRR I T AR AR 14 Qi it
FE, MR R AR R R B MR, B R
PREFIRE , SR 2SR 3 1 A0 o KB g
IR A YT, A B AR 0 1 EOU] AR
THAFRERR GR 1), TSR RR H 8T, 2208 14 A&
Ao DMEMBFRE RV, ARIESHRA R EFRGEHETY
BRI pH, AT e 35 1 A 2R, A A A] i 2%

B AR By + B 2 B S A, AR T YRR
PR X R A, 400 o it 1 4 G SR 22 Kk
A, R, AR RO S RS 2 R EURBR
pH JHiE, TR — 2855 rp P B i Sl Wi
AR 2, HHRIR R WIS RG2S EBR PR
TR IR AL, DA i 2 R 1 B8 2E W s 3 1 R A
TEAM T, S EE R MRS R E R
pH AR — 2t (B0 6.80 £ 0.20), WARAESRT
AR B TAR BRATD SR R B0 th B s i Pei . PRt
ARV 5 2R T SRR T A 5 e A J2 1] B Y 2 — 4>
WRIEM, T2 Fh P = S [F 1R 4

AN T6) UK B SR RE A% 5 A PR 1 A BRAC G AR
WMARNRE . SCEEH . WA 2w BT & ik
W, DA X AR AR B A 7= A AN R R R0 o AT, AN
B A A R XHE Y AE K S i R R 2 5, i
SERBIEFER T RIEELT | il fiEe™ | i
OO BAMCSER Y R A, TS A RE RS AL K
FEe | ERECSEAEMI R A AR, AR R E
PeiE TR AR ARG, it ] iR Y W ) 1
B RMARA A, AR A RN R A K T I 2 52
(F Do KWL, ESEEAM T EIERAER,
TS A B TR B R R g o teAh, AT
F—4ALRE (NO) HUKZIR (SA) B=A4, IHfeit
Jiig (8 22 ) G B, DA T 34 5 0 5 X6 T Al B AL AT T
(Pseudomonas syringae pv. phaseolicola) FIHLIE®, DA
AERFREPI A E AR AR B0

ENGIFIZY - AL k7P e =3 w1154
Wel AL 0 A AR R . RS, BeAS AT AR
KB TR GO G R . SAL T 2R R Y
R TS A AR (3R 2)o I o' i 1 i 2k
K CO, mpi 2k (8 1) Al WL, #ASA T AKREK
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FE R R A5O3 = T A T A K A B TR BR
MAZR LSRR EFRBORT R E LW, KEE
T, BASEF AR MR RE R AN, i
KT, MR A E & i Al Rubisco i & i
2, SRR SRR Y, MR RRECRE;
I, ARG E R E TSR MK, R0
WY G, BASE T BRI E A R
FREAR, SRMAER S AR, A V] R 1= gL
XA G HART WE W (R 2). LMEMFRY, W
SRR ARG G AL SRR, MR A&
Rubisco i 5 S FINGHEFE L, RARBOLEH R
FEAK . TERASRAERR T, S0 T A By 4= G ™ H il
T SRS (K 2), MERESHEEIKGEED, <
LRI CO, HEEFEAIL (3 2), MIIFEOLA#E
RN TEANER BT, SRR AR
JE W E AT AR (K 3), X FERF SR
TR R 128 s 3R TR A B AR, B RS
I il R W A OCOC R (18] 4), RFLSR T R Y
Jo . BT HE AR G TR Bk o R
I, AT e T TR A 4= 0 il S AU R I R R
MEE KoK FIFZTC 5 (8 3. 1K 4). RAushk
TIRE MR G e g5 5 i A AR 7 B 75 T2 (ABA)
G, AR R AL G R ZE s s R AL, I
LR EO B BT el UL, R R AR Y
TS AS A AT AR E SRR ZE AL, F TR 3 1D G il
FRRNZEIE R, AERe i N IR i AR A Y
ER AR SRR R R R G5 Ot & s R AR 5 2
FAEPIHUEZ R OC R AR, AT — 25T

FEY) R B IR R A vk A B, 2RI A S
MR PTEIE B FEABETE T, SRS AT BT R
PR R /& i i 2 e TS AT BIR (3% 3),
VLSS AT AR T ETMEER R T ARHE. R
ZPRAEG RIS A L, AR, B
AR ERIN T TR R P E R AN S
(3% 3). Setién FPIHRBRM, SMSRMLL,
SRR/ NER R h s E R S &, HY
WS B 25 A AR TEAR R ey AR, H
R AR R T, NN B S A T AR
WA AAEMEA SN, SHEEML, &
BAEFRBERIN T SR R ZERAR ]
PERE G i (R 3) BUMHMRIEECR A PO 3R i
B, MR K AE G, R4 FEEER
T R TR R A P T s R A S R N . AR
RAERE T, AR R s 0 s e 1 i BT i

Wi S o A i ) T A K AR AL SR 43, DT 1
ROLFIETE , TR AT BN AR A 38 .
B AR TR OV @ 75 TR VA [ o} i S T SR A8 Y A=t N i)
AT KB, AIEHEEA SRS LWREEREE
AR FR . WAL, 5 i 1A A 4= e vl - A Rl o A
FERRIE, WOBEREE . BEIR IR R L TCA T3
S, HE TS WA A ) 0 B AR SN, AR PR AR (ROS) 11
FEAE R AR A SR 1 (PR) BYJE R IACY, Wang
USSR, B AT 5 TR R itk LAY
FHCIE R ZRIL, (EdE PR N SR &, iF
TG i el o1 A 981 & 2R 7 A ANRDER A
R 2R RRAAR PN B AT, 1 R M S 1R R A

4 ZhE
A& R R B AT R E I R, 5

BEASRAR L, AR RRE NS A RO i 2T 2200 Y
KM RIRER BT, AR AT Gy ek ALl
IR SERENE , PR TR MOL & R B RRE A Y
MIER AR, IR ok R R iz, M
AT g i A AR e I i o A B TR B0t A 55
s LA RUL , a7 B0 ZUIE L ok 38 56
PORGURZA A RE ST, XT3 AR A A 7= By
HEE L WL, TEERBIRIE T, 0 25 0 i
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