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Effects of rhizosphere aeration on photosynthesis and ion absorption in cotton

seedlings under salt stress
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Abstract: In this study, the effects of rhizosphere aeration on leaf photosynthesis and root ion absorption in hydroponically
cultivated cotton seedlings under salt stress were investigated in terms of the changes in the leaf gas exchange parameters,
chlorophyll fluorescence parameters, and Na* and K* contents. The results showed that net photosynthetic rates decreased
under salt stress and hypoxia. In the early stages of stresses, salt stress caused a more severe effect on leaf photosynthesis
than oxygen deficiency. In contrast, insufficient oxygen negatively affected leaf photosynthesis in the late stages of stress
than salt stress. Under mild salt stress, the additional hypoxia stress resulted in a decrease in the net photosynthetic rate,

mainly due to the stomatal factor (insufficient carbon dioxide resulting from stomata closure or contraction) rather than the
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effect of the photosynthetic apparatus. Non-stomatal factors (injury to the photosynthetic system) gradually lowered the net
photosynthetic rate with intensified salt and prolonged hypoxia stresses. The net photosynthetic rates and maximum quantum
efficiency of photosystem II in cotton leaves under rhizosphere aeration were significantly higher than those in cotton leaves
without rhizosphere aeration under the same salt stress. It was suggested that oxygen deficiency in the root environment
worsened the adverse effect of salt stress on photosynthesis. Ton accumulation in different organs of cotton seedlings indicated
that salt stress reduced the capability of K™ absorption, Na' exclusion, and the selective transportation of K", thus
decreasing K* content and increasing Na* content and the [ Na® ]/[ K* ] ratio both in roots and leaves. However, thizosphere
aeration could significantly improve the above conditions induced by salt stress, and reduce the [ Na®]/[ K'] ratio.
Moreover, K" and Na" contents in roots were more influenced by salt stress, whereas K™ and Na® contents in leaves were
more affected by rhizosphere aeration. In conclusion, salt stress and oxygen deficiency around roots can lead to the decline
in the net photosynthetic rate, injury of photosynthetic apparatus, and a disorder in the ion balance in cotton seedlings. On
the other hand, rhizosphere aeration could alleviate the adverse effects of salt stresses on photosynthesis, increase the
selective absorption and accumulation of K* in roots and leaves, thereby reducing the ratio of [ Na" /[ K*], and improving

the adaptability and resistance of cotton seedling to salt stress.

Key Words: cotton; salt stress; oxygen supplying condition; photosynthesis; ion absorption
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Table 1 Two-ways ANOVA on the P,, Fv/Fm, Na* contents, K* contents and [ Na*]/[K*] in cotton seedlings under different treatments

5 Sk IR p Fo/Fm o *E/ifzm v quj# ALjf
e " Na'sdmt KU iy NeRE KRR KN
Na® content ~ K* content Na® content K content
Byl F 309.13 677.65 991.39 253.27 832.00 5772.34 87.66 617.79
Salt stress P 0.000 0.000 0.000 0.000 0.000 0.000 0.000 0.000
TSR B F 716.78 1491.85 0.14 127.93 38.51 7387.97 463.03 1352.99
Ventilation P 0.000 0.000 0.710 0.000 0.000 0.000 0.000 0.000
ZHAER(FExE  F 37.79 190.28 0.043 1.19 11.40 1405.88 45.52 302.44
AR ) Interaction P 0.000 0.000 0.988 0.347 0.000 0.000 0.000 0.000
P, F1 Fuo/Fm W75 253 HriAiab BUS 30d (0 25 K506 4 7
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(Fo) MOt R 4t 1 e KL 22803 (Fo/Fm ) B AEHR /N
(LbH E AR IERS K TALEE A B .C) 4B F .G M H )
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Bra RN o, Eh e 5l SRS BEAE XA 2R K™ Na™ & 552 A B 3 (P>0.05) (X it A K* Na™ % i
FNa® /[ K" AN R & IR (P<0.01) o o2 il , £ Mhan £ Z ma AR R0 K™ H Na* (O RE 1, i £8 1)
30 ARFREEE SR LA S P 158 AR FH AR 2R ) B3Rk B fEas KT il Na® O BE A B35 i, B
DIAR P58 38 ORI B2 M A8 K

XA R A R K Na" SRRt R BRI Bt s i R AT MR R R (R 2 R 3) MR K Na" 8%
PE ISR ELAS 1K Na™ AR ) - Bz i R AL TS YIBEER 30 P B2 0 15 i i BAALR , ELAH [R):£8 8 38
FEEE T MR AL B AS 1 TS 0 5 TARPREEAN 0 AL R (P<0.05) o ASy (B8R , RHAH R IE
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AT FEAR R IE Na® W KT RIRE ) A pe iz by KA RE I RRAIC, AR PRI 10 U0 AT 2 25 42 s #h i AR &R 9
6 Na® W K™ AE S MR A 1) M i Bk iz i KT A AE

F2 SAERBEHEMMK Na* 2, [Na*]/[ K" ] ARIR ASk n,

Table 2 K" and Na* contents and [Na*]/[ K*] and ASy y, in the roots of cotton seedlings underdifferent treatments

Trffji N K* ﬁ(‘;%g/lﬁg* I;:‘r;l;ent/ Na* {(ﬁ\fé/za;);r;tem/ [Na*1/[K*] 1 Root AS, y,
A 61.18 £2.23a 0.18 £0.01d 0.03 £0.00f Oe
B 51.64 £2.96b 0.17 £0.02d 0.03 £0.00f Oe
C 47.45 £1.99¢ 12.72 +1.12¢ 0.27 +0.02e 62.48 £5.79a
D 41.46 £1.26d 12.71 £0.73¢ 0.31 +0.02e 54.52 +4.15bc
E 41.78 £0.98d 23.26 £0.72b 0.56 £0.02d 59.93 £2.31b
F 33.60 £0.79¢ 22.91 +£1.96b 0.68 +0.07¢ 49.194£5.17¢
G 34.46 £1.10e 35.41 +1.05a 1.03 £0.05b 48.69 £2.40¢
H 27.17 £0.66f 35.07 £1.88a 1.29 +0.07a 38.81 +£2.09d

AR KT] = 6mmol/L; B /5 AR 5 8E A [ 3678 22 5 B3 (P<0.05) ; A; i8S + Ommol/L NaCl, Aeration + Ommol/L NaCl; B; A~ < +
Ommol/L NaCl,No aeration + Ommol/L NaCl; C: ili /<, + 100mmol/L NaCl, Aeration + 100mmol/L NaCl; D ; /<3 /< +100mmol/L NaCl, No aeration +
100mmol/L NaCl; E; 38+ 200mmol/L NaCl, Aeration + 200mmol/L NaCl; F; A& <+ 200mmol/L NaCl, No aeration + 200mmol/L NaCl; G ;38 < +
300mmol/L. NaCl, Aeration + 300mmol/L NaCl; H; A3l X+ 300mmol/L NaCl,No aeration + 300mmol/L, NaCl

®3 SAERBEHEHEMF K Na*FE [Na']/[K" ] AR TS y,

Table 3 K" and Na" contents and [Na*]/[K"] and TSy y, in the leaves of cotton seedlings under different treatments

QbR K* % K* content Na* %1 Na* content

Treatment (mg/g DW) (mg/g DW) [Na"J/LK"] U Leal TS,
A 41.59 £2.32a 0.10 £0.00g 0.02 +0.00g 1.27 40.12¢
B 40.66 +1.98ab 0.12 £0.01g 0.03 £0.00g 1.18 £0.19¢
C 39.11 £1.25ab 6.63 +0.66f 0.17 £0.02f 1.59 £0.13b
D 24.32 £1.06¢ 18.42 £0.45d 0.76 £0.04¢ 0.40 £0.02d
E 38.89 +0.73b 14.34 40.53e 0.37 40.02e 1.51 £0.04b
F 22.86 £1.13c 41.94 +1.34b 1.84 40.11b 0.37 £0.04d
G 38.03 +0.33b 20.03 £0.24¢ 0.53 £0.01d 1.95 +0.12a
H 19.85 £1.50d 58.59 £1.17a 2.96 10.17a 0.44 +0.00d

3 e

MR R A KRBT M AR B A BRI ARSI £ 43 i 22 2 5l S R TR 7K IR B 0 ) 85 -~ i 2
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