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Effects of water and nitrogen interaction on photosynthetic fluorescence

and physiological characteristics of pomegranate seedlings

CHALI Yaqian, GUAN Sihui, CUI Hongxin, XU Jing, ZHU Xiaoling, DIAO Ming’, KONG Qiusheng’
(School of Agriculture, Shihezi University/Key Laboratory of Special Fruit and Vegetable Cultivation, Physiology and Germplasm Re-
sources Utilization, Xinjiang Production and Construction Group, Shihezi 832003, Xinjiang, China)

Abstract: [Objective] This experiment aimed to investigate the interaction of water and nitrogen on
photosynthetic fluorescence and physiological characteristics of the soft seed pomegranate (Punica gra-
natum L.) seedlings under water shortage in Shihezi, Xinjiang in order to offer a clue for saving water
and determine the optimal combination of water and nitrogen. Tunisia soft seed pomegranate seedlings
were used as the test materials. The effects of different water and nitrogen treatments on the photosyn-
thetic characteristics and chlorophyll fluorescence of the leaves of the seedlings were investigated, and
the osmotic regulation ability of the seedlings and their effects on nitrogen metabolism were also stud-
ied. [Methods] The pot water control method was used to set three irrigation levels (W1: 35%-45% of
the field water capacity, W2: 55%-65% of the field water capacity, W3: 75%-85% of the field water ca-
pacity) and four nitrogen application levels (NO: 0 g- kg soil, N1: 0.1 g kg soil, N2: 0.2 g- kg soil,
N3: 0.3 g- kg soil), respectively. The chlorophyll content, photosynthesis and chlorophyll fluorescence
characteristics of the seedlings were measured on the 40th day, and osmotic regulation substance con-
tent and key enzyme activities of nitrogen metabolism were measured on the 10th, 20th, 30th and 40th
days after water-nitrogen interaction treatments. [Results] In terms of the photosynthetic characteristics

and chlorophyll fluorescence, the chlorophyll content, net photosynthetic rate (P,), stomatal conduc-
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tance (G,), transpiration rate (7;), photochemical quantum efficiency (F./F.), photochemical quenching
coefficient (qP), photosynthetic electron transfer rate (ETR) and effective quantum yield [Y(II )] of pho-
tochemical energy conversion in the leaves of the soft seed pomegranate seedlings achieved the optimal
results under the W2 irrigation condition. Under various irrigation conditions, the increase of the nitro-
gen application rate could significantly increase the chlorophyll content and net photosynthetic rate, sto-
matal conductance and transpiration rate values, while intercellular CO, concentration () was negative-
ly correlated with the net photosynthetic rate change under W1 irrigation condition, but positively corre-
lated with the net photosynthetic rate change under the W2 and W3 irrigation condition. The variation
trend of the non-photochemical quenching coefficient (NPQ) was opposite to that of the photochemical
quantum efficiency. In terms of osmotic regulation and nitrogen metabolism, the contents of soluble pro-
tein and soluble sugar and proline in the leaves of the seedlings decreased with the decrease of the irri-
gation amount. The nitrate reductase (NR), glutamine synthetase (GS), glutamic oxaloacetate transami-
nase (GOT) and glutamic pyruvate transaminase (GPT) achieved the highest activities under the W2 irri-
gation condition. Except that the glutamine synthetase activity treated with N2 (0.2 g- kg soil) reached
the optimal results, the contents of soluble protein, soluble sugar and proline and the activities of nitrate
reductase, glutamic oxaloacetate transaminase and glutamic pyruvate transaminase increased with the
increase of nitrogen application level under the W3 irrigation condition (the upper and lower limits of ir-
rigation were 75% to 85% of the field water capacity). Under the condition of the W2 (the upper and
lower limits of irrigation were 55%-65% of the field water capacity), the soluble protein content and the
activities of key enzymes of the nitrogen metabolism reached the highest levels in the N2 treatment, and
the contents of soluble sugar and proline increased with the increase of nitrogen application rate. Under
the W1 irrigation (the upper and lower limits of irrigation were 35%-45% of the field water capacity),
the contents of soluble protein and soluble sugar decreased with the increase of nitrogen application
rate, while the proline content remained an opposite alteration. The activity of nitrogen metabolism en-
zymes was the highest in the N1 treatment, followed by the N2, N3 and NO treatments. [Conclusion]
The photosynthetic fluorescence characteristics of the soft seeds pomegranate seedlings could be inhibit-
ed by drought to a certain extent. The drought stress could be effectively alleviated by the osmotic regu-
lation ability, key enzyme activity, and nitrogen metabolism through the appropriate increase of nitro-
gen application. In addition, W2N2 seems to be the best combination of water and nitrogen in this
study. The results could provide a theoretical basis for raising the soft seed pomegranate seedlings in
Shihezi, Xinjiang to a certain extent.
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Fig. 1 Growth status of pomegranate seedlings under different water and nitrogen treatments

ANSE 4, & B 30 min J i 5E A0 W8 4h T Th g
(1) 2 $ B8 PS 11 e KOG % 802 (R 6%
HRFB(GP) VA K RENPQ) W &
F 4% 338 3 R (ETR) A Ak 2 B S FE AL I 3 20
FremE Y,
132 BERATH Rz AT 4HE10,
20,3040 d J5 BURE R 40 1 D) g i O 2% T3 431 45
5 5~8 /N FE M) HEAT TR AR I 5E , FEAN AL B 3 P
2o RIS S ke s AR,
IR 1 5 SR R KA R Le ey, m] vt
W B B R LR L (el e e
133 RARMEEERN 2 W56 T4 10,20,
3040 d J& K AE KA1 D e i EAT AU
(e , BN AR BE 3 IR E T . NR VMR A B 4490
HEAT I , GS W PR R T F A8 S5 R 22 £ i 25T
D7 VEBEAT I E , GOT A1 GPT i M % FH 52 B W 77
2 5E
1.4 HIESH

I H Microsoft Excel 2003 #EATHdE 23, S A R
4.0.3 AT EHRE 31 (p<<0.05), FIFH Origin 2022 22 &

2 ZER5

2.1 A REMSERESEX A REIKE BT AR

MR 205, [ —AE A, HERKa b T EK
ok R e B W2 A0 BB 25 KT W1 W35 7E WK
M MR E ab B i SR 3 A R i R 1
N T PR s 75 W2 FE K SR, B i 250 ) 38
M2 SR 2T m S T RS, HUAN2 43
s R WK M T, fE— N, a5
o i it 26 P 3 o o 84 0
2.2 ABAEFMEIAEKREIER N R

M3 3 AT A Y, 75 it Z S AH R S 50 R, W
IKAL R E PR A R . BT AL AR R
W R IR WA KA N A E M, P T,
G R B, GRS P T GIGAR AL 35 A1
s W2 K ZAE T 5 P T GOFR G I8 it 80 B 1 38
BISET S T RS, DLN2 i AL B A s s W3
KRR P T G G PR B it 280 5 149 388 o ot 344
s BAE S HE KA R, MR A E R 1) P T G
A A EL K



2356

S

5394

=2

XERBEW OB FIMERE a IHEE b RHERE2 200
Table 2 Effects of water-nitrogen coupling on chlorophyll a, chlorophyll b, and total chlorophyll content in pomegranate

HEZKIKF

Water levels

it E K
Nitrogen levels

w(H4% 2 a)

Chlorophyll a content/(mg-g™)

w23 b)

Chlorophyll b content/(mg-g™)

wCR 230D

Total chlorophyll content/(mg- g™

W1 NO 0.449+0.005 1
N1 0.609+0.008 £
N2 0.607+0.008 f
N3 0.561+0.010 g
w2 NO 0.528+0.006 g
N1 0.842+0.010 ¢
N2 1.060+0.022 a
N3 0.959+0.006 b
w3 NO 0.491+0.005 h
N1 0.687+0.009 e
N2 0.703+0.004 ¢
N3 0.790+0.008 d

0.130+0.011 f
0.132+0.009 f
0.133+0.008 f
0.202+0.010 cd
0.170+0.010 de
0.294+0.005 b
0.364+0.011 a
0.331+0.002 a
0.143+0.018 ef
0.229+0.009 ¢
0.234+0.012 ¢
0.274+0.003 b

0.579+0.016 h

0.741£0.015 fg
0.740+0.016 fg

0.763%0.020 £
0.698+0.016 ¢
1.135£0.015 ¢
1.425+0.033 a
1.290£0.008 b
0.63440.021 h
0.916£0.017 ¢
0.93840.015 ¢
1.063+0.007 d

W= R AN E)/ING - REROR AR W) 22 7 25 (p<<0.05). Rl

Note: Different lowercase letters in the same column indicate significant differences between treatments (p<<0.05). The same below.
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Table 3 Changes in photosynthetic properties of pomegranate under water-nitrogen coupling

HEAKKF

Water levels

it K
Nitrogen levels

P i
P./Cumol-m*-s™)

Wi NO 1.968+0.239 g
N1 7.068+0.014 d
N2 4.333+0.043 ¢
N3 3.297+0.288 f
w2 NO 3.311+0.222 f
NI 9.256+0.012 ¢
N2 14.55340.391 a
N3 12.957+0.322 b
W3 NO 3.299+0.283 f
N1 9.173+£0.504 ¢
N2 10.112+0.368 ¢
N3 12.436+0.027 b

s AL JiiE) COL MK JEE
T/(mmol - m?-s™) GJ/(mmol-m*-s™) C/(pmol -mol™)
1.331£0.249 h 0.095+0.026 g 396.967+4.902 a
4.331+0.434 d 0.336+0.08 cdef 213.35144.759 ¢
3.965+0.338 de 0.289+0.037 def 287.663+6.782 de
3.216+0.070 ef 0.213+0.014 efg 323.505+6.577 ¢
2.753+0.282 fg 0.283+0.012 ef 137.162+4.400 i
4.724+0.226 cd 0.408+0.015 bed 246.426+3.630 f
7.057+0.248 a 0.556+0.112 a 275.586+3.880 ¢
6.206+0.240 ab 0.456+0.030 ab 246.082+7.208
2.169+0.050 gh 0.195+0.006 fg 190.247+7.021 h
3.331+0.275 ef 0.306+0.009 cdef 270.098+2.502 ¢
5.626+0.174 be 0.368+0.046 cde 299.413+4.221d
6.057+0.240 b 0.451+0.030 abc 358.297+7.208 b
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Fig. 2 Effects of water and nitrogen coupling on chlorophyll fluorescence characteristics of pomegranate seedlings
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Fig. 3 Effects of irrigation and nitrogen application regimes on pomegranate soluble protein content
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Fig. 4

Effects of irrigation and nitrogen application regimes on pomegranate soluble sugar content
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