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Abstract: 10-year—old wine grapevine ‘ Cabernet Gernischet’ was used as material. Drip irrigation of fertiga-
tion was applied at 300 kg -+ hm™ urea at germination stage (S1) , vigorous growth of new shoots stage (S2) , flow-
ering stage (S3), the first stage of fruit expansion (S4) , and secondary shoot growth stage (S5) , respectively. No
nitrogen was applied for control (CK) during the whole growth period. The photosynthetic characteristic index of
leaves was measured separately at 50 days after anthesis (DAF50) , 85 days after anthesis ( DAF85) , and 120 days
after anthesis ( DAF120) , and collected leaf samples were analyzed photosynthetic physiology and endogenous hor-
mone levels during the period of nitrogen (N) application. The results showed that N application increased Pn and

Fv/Fm of leaves during the whole growth period, and the increase of Pn and Fv/Fm of leaves before anthesis was
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the most significant, reaching 18.22 wmol + m™> + s™' and 0.854, respectively. The stomatal conductance ( Gs) and
transpiration rate (7r) of leaves at different growth stages were significantly increased by applying N during S1,
S2, and S3. While the most significant one was at 85 days after anthesis when N application was at S2, Gs and Tr
increased by 18.5% and 10.8% , respectively, compared with control. The intercellular CO, concentration ( Ci) and
non photochemical quenching coefficient ( NPQ) of leaves were significantly reduced when nitrogen application was
at S3, 5S4, and S5. There was no significant difference between N fertilizer at S1 and CK. Applying N fertilizer be-
fore the first fruit expansion stage can significantly increase the quantum efficiency of PS II electron transfer
(@PS1Il) and photochemical quenching coefficient (¢P), the highest values were 0.889 and 0.959, respectively.
It can be seen that applying N fertilizer in different timings could affect the absorption, transmission, dissipation,
and distribution of light energy in leaves by changing the parameters related to photosynthetic fluorescence, so as to
improve the efficiency of light energy utilization. Application N fertilizer before S4 significantly increased the quan-
tum efficiency of PSII electron transfer (®PS Il ) and photochemical quenching coefficient (¢P) , the highest val-
ues were 0.889 and 0.959, respectively. Therefore, N fertilizer in different stages could affect the absorption, trans-
mission, dissipation, and distribution of light by changing the parameters related to photosynthetic fluorescence, so
as to improve the light efficiency of leaves. The application period of N affected the content of endogenous hormones
in leaves at different growth stages. Compared with CK, the N application significantly increased the content of ZT
in leaves after DAF85, increased by 21.9% at least. The content of IAA in leaves when N application after flower-
ing maintained above 34.9 wg - g”' during the fruit harvest. The GA, content was the highest when N application at
S4 and S2, 7.11 pg + g™ and 6.49 g - g respectively. Therefore, N application at different stages can promote
the accumulation of growth hormone and inhibiting the accumulation of growth-inhibiting hormone.

photosynthetic parameters; fluorescence parameters;
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Table 1 The main phenological period of ‘ Cabernet
Gernischet” in Wuwei

AEHH Growth period H 1] Date( m—-d)

B 2E 1 Germination stage 04-25
BAEH Full-bloom stage 06-05
B Colour-changed period 08-17
KM Harvesting time 10-06
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s IR B S BOH 1 4 ik el 9 ) =X 5 R
(FMS-2, Hansatech, UK) M5,
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Sigma J=* ity , A Tk B R TR A 0 VR AT W0 AH €8 38
BrigeahlbrEth 26, R AMRE AT RE IR R
TR
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JH Microsaft Excel 4 3E 475085 2 21 [ SPSS
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Table 2 Effects of nitrogen application timing on the transpiration rate (7r) of grape leaves at different growth stages

Qb7 DAF50 DAF85 DAF120
Treatment 2016 2017 2016 2017 2016 2017

S1 6.96+0.19bc 7.73+0.08abc 7.53+0.13b 7.81+0.04b 6.81+0.05bc 7.03+0.11b
52 7.40+0.12a 7.84+0.11a 7.74+0.06a 7.89+0.01a 7.01+0.11a 7.22+0.08a
53 7.20+0.01b 7.79+0.16ab 7.68+0.04ab 7.85+0.05ab 6.86+0.01b 7.16+0.03ab
S4 6.72+0.03d 7.12+0.01d 7.37+0.03¢ 7.72+0.01¢c 6.62+0.04d 7.01+0.01c
S5 6.67+0.05de 6.99+0.19de 7.31£0.05¢d 7.41£0.19d 6.58+0.05de 6.64+0.10d
CK 6.66+0.04¢ 6.97+0.11e 7.02+0.08e 7.03+0.11e 6.51+0.04e 6.57+0.05de

TE: DAF50, #6/5 50 d; DAF8S5, #6/5 85 d; DAF120,#6/5 120 d, [F—WHI T Al — 180T 5 A R 5 B3R OR 78 P<0.05 2257 3 Tl
Note: DAF50, the 50 days after flowering; DAF85, the 85 days after flowering; DAF120, the 120 days after flowering. Different letters in the same

column under the same growth stages indicated significant difference in Duncant at P<0.05. The same below.

®3 MENPXNAREFTPHIFHFSILSE(Cs) BN/ (mol - m™ s™)

Table 3  Effects of nitrogen application timing on stomatal conductance ( Gs) of grape leaves at different growth stages

b DAF50 DAFS5 DAF120
Treatment 2016 2017 2016 2017 2016 2017

sl 568.50+12.17hc 608.33+24.17bc 644.40=10.60b 638.33+24.17hc 587.63+12.17bc 621.33+14.13hc
s2 657.17+18.72a 677.28+11.4a 672.12+12.38a 687.28+11.4a 634.17+11.51a 643.22+10.13a
s3 553.89x16.19¢ 583.44x13.1c¢ 667.67£15.32ab  669.16+8.4b 562.74+14.29¢ 610.42+13.1c
sS4 601.75+25.22b 639.16+8.4b 631.75:13.22¢ 633.16+10.4bc 601.33x15.12b 632.11x4.42b
S5 529.00x14.24¢d 545.31x7.17d 619.00x14.14cd  587.31x11.15d 549.16:x14.24¢d 528.39+7.45d
CK 555.00+22.72¢ 539.22+18.33de 615.00+8.72cd 560.22+18.33de 513.02+11.12¢ 509.23+8.63¢

R4 BERAMNAEEFHAEM FIIE CO,RE (Ci) B/ ( wmol » mol™")

Table 4  Effect of nitrogen application timing on intercellular CO, concentration ( Ci) of grape leaves at different growth stages

Kb DAF50 DAF85 DAF120
Treatment 2016 2017 2016 2017 2016 2017

S1 121.75+2.41ab 141.38+2.01ab 137.97+5.61ab 161.22+2.21ab 104.71+4.01ab 121.52+2.41ab
52 117.58+2.95abc 137.64+2.13bc 128.58+6.05b 152.64+7.13b 101.52+2.83b 116.61+1.02¢
53 102.44+4.25d 118.63x1.17d 111.74+4.25d 126.63+2.17de 90.04+1.13d 101.01+1.22d
S4 102.17+3.07d 113.66+4.09de 108.13+2.97d 130.16+4.09d 86.27+4.22de 99.84+3.07d
S5 116.17+2.14bc 137.22+0.92bc 124.17+2.44bc 147.22+1.92bc 96.13+2.02bc 117.22+0.92¢
CK 122.67+1.48a 144.15+3.02a 143.64+1.18a 163.15+1.02a 109.92+1.14a 123.11+3.12a

x5 HBENPXNAREEPAAMNFEXAER(Po) BEM/ (pmol - m™ - s™')

Table 5 Effects of nitrogen application timing on net photosynthetic rate (Pn) of grape leaves at different growth stages
Qb3 DAF50 DAF85 DAF120
Treatment 2016 2017 2016 2017 2016 2017
S1 15.45+0.30ab 17.33+0.20a 17.34+0.04b 18.16+0.10a 13.51+0.24ab 14.37+0.20a
S2 15.63+0.25a 17.32+0.25a 17.63+0.11a 18.22+0.15a 13.64+0.25a 14.32+0.25a
S3 15.60+0.14a 17.16+0.23ab 17.60+0.10a 17.94+0.38ab 13.60+0.04a 14.26+0.13ab
S4 14.76+0.16b 16.97+0.11bc 17.10+0.16¢ 17.33+0.11¢ 13.23+0.16b 14.01+0.01b
S5 14.14+0.38¢ 15.39+0.06d 16.64+0.38cd 16.87+0.41cd 12.97+0.18¢ 13.72+0.06¢
CK 13.46+0.32d 15.04+0.44de 15.49+0.32¢ 16.01+0.22¢ 12.14+0.12d 13.04+0.44d
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Table 6 Effects of nitrogen application timing on grape leaf ®PSII at different growth stages

Qb DAF50 DAF85 DAF120
Treatment 2016 2017 2016 2017 2016 2017
S1 0.684+0.004ab 0.729+0.001a 0.784+0.002ab 0.889+0.005a 0.635+0.004ab 0.694+0.001a
S2 0.689+0.002a 0.726+0.003ab 0.789+0.002a 0.884+0.004ab 0.639+0.001a 0.691+0.003ab
S3 0.676+0.004h 0.721+0.004b 0.786+0.004a 0.862+0.004ab 0.628+0.004h 0.687+0.003h
S4 0.649+0.004¢ 0.707+0.005¢ 0.729+0.004¢ 0.819+0.001¢ 0.596+0.001¢ 0.671+0.005¢
S5 0.640+0.005¢d 0.700+0.004cd 0.722+0.005¢d 0.815+0.003cd 0.600+0.003¢ 0.670+0.002¢
CK 0.634+0.001d 0.688+0.004e 0.718+0.001d 0.813+0.005¢ 0.591+0.001d 0.653+0.001d
%7 EEBIRREEEHE A L O
Table 7  Effects of nitrogen application timing on Fv/Fm in grape leaves at different growth stages
b3 DAF50 DAFS5 DAF120
Treatment 2016 2017 2016 2017 2016 2017
S1 0.799+0.005ab 0.844+0.002a 0.829+0.005ab 0.854+0.003a 0.742+0.005ab 0.832+0.002a
S2 0.804+0.004a 0.842+0.002ab 0.834+0.003a 0.852+0.003ab 0.747+0.003a 0.832+0.001a
S3 0.796+0.006ab 0.842+0.005ab 0.826+0.006ab 0.848+0.005ab 0.740+0.002ab 0.827+0.005ab
S4 0.794+0.011ab 0.839+0.001b 0.824+0.011ab 0.839+0.001¢ 0.736+0.004b 0.818+0.001¢
S5 0.780+0.011¢ 0.827+0.013bc 0.783+0.013¢ 0.829+0.011bc 0.730+0.001¢ 0.814+0.003cd
CK 0.723+0.005d 0.800+0.007d 0.729+0.012d 0.804+0.002d 0.708+0.002d 0.800+0.007e
*k8 MERMPEXNAREFHAEH R P B0
Table 8 Effect of nitrogen application timing on ¢P of grape leaves at different growth stages
Ab 3R DAF50 DAFS85 DAF120
Treatment 2016 2017 2016 2017 2016 2017
S1 0.879+0.003b 0.951+0.001ab 0.883+0.005b 0.957+0.002ab 0.846+0.003a 0.924+0.001ab
S2 0.895+0.001a 0.954+0.004a 0.895+0.001a 0.959+0.003a 0.845+0.001a 0.927+0.002a
S3 0.891+0.004ab 0.947+0.004ab 0.891+0.004ab 0.956+0.004ab 0.831+0.004b 0.922+0.002b
S4 0.884+0.004b 0.941+0.03b 0.881+0.004b 0.944+0.003¢ 0.825+0.002¢ 0.921+0.003b
S5 0.886+0.003ab 0.933+0.010bc 0.872+0.003¢ 0.943+0.002¢ 0.823+0.003¢ 0.903+0.011¢
CK 0.847+0.003¢ 0.841+0.001d 0.869+0.003¢ 0.857+0.004d 0.802+0.003d 0.881+0.003d




55

ThERAE AR e U D0 A4 RO R B N IR K B R 91

At 5% BEAR L, 4%t A BEAE 08 T 0 Ferp ZT AR
£,S1.,S2 Fil S5 AL HEXF I F v ZT 5 fr 38 s )
N RE RN B 1.57 £ 1.52 f5%5 0 1.58 1%,
H 3 AAbERR) TC R 22 5%, S3 il S4 [ E i & 24 5,
(ERSRTE =S D

5 DAF50 WFAH LG, 78 DAF85 F1 DAF120 B F
IAA S5 THE (K 1B) , DAF50 i}, S4 b TAA 75
wi T, N 27.38 pe - g, BE S T H AR, ST,
S2 1 S3 AbEEM: F TAA ¥ 53 B 35K F X I, S5 4b
FRAIGT IR TC 35 2% 5 0 DAFS85 B, S1.82.83 .84 Fll
S5 AbHEIF H TAA S 8 S TR S2 AbHE TAA
S, N 34.70 pg - g, S1.S3.84 1S5 Akt
R IAA FETOR 2R, DAFI120 Af,S1 fil S2 4k
HINF R TAA f s A IR OC B 25 5 S KT
S3 S4 KbFRFN S5 ZbFH  S3 S4 KEFEFN S5 b3 L E R
HET I TAA SRR I EF W 1AA i
Py T, 43 Bk 35.41.35.60 pg - g7 Al
36.99 pg - ¢ '(E1B)

DAF50 i, S1,S2.S3 .84 il S5 4b#nf 5 ABA
SHEBFEETXR, S1.S2 S3 1 S4 4] U i #
25 (B R E ST S5 4LFE . DAFSS B, S1.S2 F
S4 fbBERE - ABA SR HIK 6.25 6,33 pg - g
F15.39 wg - ¢, AR T X IR R HL At it S0 Ab B8, S3
FISS AL EE I B ABA S 50 E 2R,
DAF120 i, % RER: e ABA & 0 355 T &t A
AbFHE ST S4 Fil S5 AbHEN: 5 ABA SRR EZESS,
S3 AbFHIH ABA S HEN 5.74 g - ¢, BEIRT X
TR Z AL (B 1C)

FH &L ID AT, A2 i v GA, & i v &
B AW/, DAFS0 I, i A AL B B A, & i i 3%
T CK,S3.S4 il S5 AbHM B GA, & 7 G I % 22
S0 = R 2,16 £, 2.25 {1 2,17 £,
DAFSS i, #5 it S0 &b B34 g 2538 17 ik A rp GAL 1Y
EE,S1.82.S3.84 F1 S5 AbH: Hrh GA, & &3 h
7.05.8.2.8.44 8.82 ug - g ' F17.82 pg - g, Hirp sS4
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Table 9  Effect of nitrogen application timing on NP(Q of grape leaves at different growth stages

il DAF50 DAF85 DAF120
Treatment 2016 2017 2016 2017 2016 2017
S1 0.323+0.003cd 0.372+0.004¢ 0.357+0.005d 0.462+0.005d 0.318+0.003cd 0.407+0.002¢d
S2 0.326+0.010¢ 0.377+0.007¢ 0.363+0.003cd 0.469+0.003cd 0.320+0.001cd 0.412+0.003¢
S3 0.353+0.003b 0.401+0.002b 0.367+0.003¢ 0.471+0.005¢d 0.324+0.005¢ 0.413+0.002¢
S4 0.385+0.005a 0.439+0.007ab 0.397+0.003a 0.474+0.014¢ 0.347+0.006a 0.427+0.004b
S5 0.386+0.010a 0.447+0.003a 0.389+0.005ab 0.497+0.007a 0.345+0.003ab 0.430+0.006ab
CK 0.385+0.005a 0.441+0.005ab 0.393+0.003a 0.496+0.007ab 0.349+0.004a 0.434+0.002a
241 (A Bre)
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Note: The different lowercase letters indicate the significant difference ( P<0.05).
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Fig.1

Effects of nitrogen application timing on endogenous hormone levels in grape leaves
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