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Effects of different nitrogen forms on seedling growth
and main nutrient elements uptake under unequal
salt distribution in cotton seedlings
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Abstract It is well known that salinity levels are seldom uniform in saline fields. A new split-root system established
through grafting was conducted to study the effects of nitrogen forms (NH,” and NO; ) on nutrient elements uptake and
plant growth under unequal salt distribution in a greenhouse. The results indicated that a significant interaction was
detected between unequal salt distribution and nitrogen forms (NH,” and NOs; ) on nutrient uptake and seedlings
growth. Compared with equal salt distribution, unequal salt distribution decreased Na' concentration, and increased
main nutrient elements (N, P, K, Ca, Mg, Fe. Mn, Cu, Zn) uptake, leaf photosynthesis (17. 1%) and biomass
accumulation (18.5% ) ; the main nutrient elements (N,P,K,Mg.,Fe.Mn) uptake and biomass in NO; -N treatment were
higher than that in NH, -N treatment; Under unequal salt distribution, the main nutrient elements (N,P,K,Ca,Mg,Fe,Mn,
Cu,Zn) uptake, leaf photosynthesis (13.5%) and biomass (7.2%) in NO; -N were higher than that in NH, -N
treatment. It is concluded that NOs -N is superior to NH, -N in improvement of main nutrient elements uptake and plant
growth under unequal salt distribution.
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Table 1 Treatment and the composition of nitrogen forms mmol
N i}
(NH,), S0, KCl CaCl, Ca(NO;), KNO;
100 mmol ¢ 100 mmol 1.5 1.0 1.0 — —
1.0 1.0
25 mmol : 175 mmol 1.5 1.0 1.0 — —
— — — 1.0 1.0
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5 439 PR e 5

Eh o> 25 O3 T AN (AL TR 25 R KA B AR K B R R T R WY S 11

Xof (8 Dy e it HEAT I E B A B ZE 6 Bk LD 6 R
5, CO, WFEFHIAE (350 £ 10) pL/L, i & % &
(1 1004100) wE/(m* « ), fifi FFF 8% R G0 5E .

W3R435 A« FREGHE 2F 0.5 mm G (9 4
THESL 0.3 g 2R A H, SO -H, O, S TIH & . J5 &
KRS0 mL A3 RELE, &N TERHYE®
BTN s A P iR A B L O EE T
o 0,3 (TU-1901, 36 50) #4700 2 5 2R it W e 43
66 B 3 (TAS-990AFG, 4t 52) il % Na, K, Ca,
Mg.Fe .Mn,Cu.Zn B W% B AE . % 50 7 Z 50K B8
TAS-990AFG 4 S 8 i A7 & . AR 48 A v il 26
IHEBBP TR S8,

1.3 BIESITRSH

Bl 58 1 0 A M 22 S B3 MRS 56 SR T DPS
7.05 B b B R Ge ok 58 00 56 KV T K 5 22 S
FHE.

2 HERESH

R X & 5 E 75 5 R

TERE R A 2 AF T Toie R AL S /R
53 ¥ 5140 A (MS/MS) M L, 3R 4y 25 7 4 i
(LS/HSMe it TAR bR AY A K (GR 2) . R0 22 57 o0 A
B L) r A R w7 AR i o A R
(7. 10 MR AE YRR (18.500) . sk, #har

2.1

R2 HRNERSAHNBULEKEYRREE SN KXEGEER Na" S2ENF N
Table 2 Effects of unequal salt distribution on biomass accumulation,
leaf photosynthesis and Na™ content in cotton seedlings
Holt A R/ Na' & /(mg/g)
HOMNEE BRI RR A/ o
(pmol/(m* « s)) i) 2 s
MS/MS 4,49 b 17.5 b 5.49 a 5.22 a 6.16 a
LS/HS 5.32 a a 4.75 b 4.53 b 5.27 b

TE < 6] — 51 A A ) 5% 6 360 28 5 W 35 (P<C0. 05) .

EROH TS E TR Na" S8 EMKT
S AR AEM R R BLA I R
S5 X555 (MS/MS) M e T6 i 3% A

WEAPIE 2SR K 60 25 540 A (LS/HS) 45k T H bk
% N.P.K.Ca.Mg.Fe.Mn.Cu #ll Zn & FHE E 50
ZRMRI(E 3., LT MS/MS 43, LS/HS &

R3 REESERSTRBEEREEIEEFTTEAENRTM

Table 3 Effects of unequal salt distribution on main nutrient elements content
in different tissues of cotton seedlings mg/g
licd =% i
BRITLR

MS/MS LS/HS MS/MS LS/HS MS/MS LLS/HS

N 20.2 b 25.10 a 7.80 b 9.18 a 26.00 b 29.30 a

P 5.70 b 6.71 a 2.04 b 2.50 a 3.31b 3.66 a

K 6.36 b 8.12 a 2.60 b 3.33 a 3.07 b 4,46 a

Ca 1.70 b 2.09 a 1.11 a 1.07 a 2.26 a 2.36 a

Mg 0.56 b 0.71 a 0.16 b 0.24 a 0.22 b 0.36 a

Fe 2.14 b 2.44 a 0.37b 0.67 a 0.78 a 0.81 a
Mn 0.464 b 0.610 a 0.089 b 0.110 a 0.156 b 0.190 a
Cu 0.192 b 0.245 a 0.045 b 0.069 a 0.041 b 0.053 a
Zn 0.661 b 0.858 a 0. 306 a 0.309 a 0.445 a 0.447 a

TE AR P T — A7 BN A R O 22 57 35 (P<<0. 05) .
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Table 4 Effects of nitrogen source on biomass accumulation,leaf photosynthesis

and Na® content in cotton seedlings

VA R/ Na' &4/ (mg/g)
NEBE DR R/ 9

(pmol/m* « s) Jics =% i
NH, /NH; 4.74 b 17.8 b 5.26 a 4.96 a 5.82 a
NO; /NO; 5.08 a 20.2 a 4.98 b 4.79 a 5.61 a

T« [ — 2 A AR ] 7 1378 28 53 [ 3% (P<<0. 05) . T I,

AR T AR E TR O A R (135 %) F (#£5). MHEF NH, /NH 43 ,NO, /NO; &

Bk AR (7. 200) s (AR FE SR R X% THAE M BB N (5 6%), P (20. 9%). K
FE WM Na© &I JC B E5Hm, (12.5%) . Mg(21. 4%) .Fe(28. 9%) Fl Mn(7. 2%)

TEARZ MK 2 R0 5 MR Fa 0 CaCu Ml Zn M AR, #EHILE
T ARIESARZ WAL EEEFRITTR MWW FER AR ZE () 28 Ak i 4 5 oA 250

RS5 AERSHREERETZEERTRSENZN

Table 5 Effects of nitrogen source on main nutrient elements content

in different tissues of cotton seedlings mg/g
Uit E it
BHRITER

NH, -N NO; -N NH, -N NO; -N NH, -N NO; -N

N 22.5b 24.7 a 7.9b 9.0 a 26.9b 28.4 a

6.26 a 6.17 a 2.21 a 2.33 a 3.16 b 3.82 a

K 6.15 b 8.34 a 2.60 b 3.34 a 3.45 b 3.88 a

Ca 1.54 b 2.25 a 1.09 a 1.08 a 2.12 a 2.15 a

Mg 0.35Db 0.42 a 0.18 a 0.22 a 0.28 a 0.34 a

Fe 2.02 b 2.55 a 0.64 a 0.40 b 0.69 b 0.89 a
Mn 0.398 b 0.644 a 0.096 a 0.103 a 0.167 b 0.179 a
Cu 0.205 b 0.232 a 0.045 b 0.068 a 0.050 a 0.047 a
Zn 0.654 b 0. 866 a 0.293 b 0.321 a 0.451 a 0.443 a

ARG E N F— 17 75 A MR O 22 57 8 3% (P<<0. 05) .
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BRI R RS EAEROY B3 (R 6) . hary W ROER AR 0. 10 AR E (8. 6260) . JF
51004 (MS/MS) 2 F . NOy -N 8 NH -N fe i FAR TR iy Na© & & (6. 300) 5 45 4b 2R A Bk
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Table 6 Interactive effects of unequal salt distribution and nitrogen source on biomass accumulation,

leaf photosynthesis and Na™ content in cotton seedlings
oA 5 #x BRI R/ g ?%%éli$/ No L (mle
(umol/(mf =) g =% it
Qb ¥R MSA/MSA 4,37d 16.0 ¢ 5.58 a 5.34 a 6.21 a
MSN/MSN 4,61 c 19.0 b 5.39b 5.10 b 6.10 b
LSA/HSA 5.10 b 19.9 b 4.93 ¢ 4.57 ¢ 5.43 ¢
LSN/HSN 5.54 a 21.9 a 4.57 d 4.48 d 5.11d
P1{a oA 0.000 1 0.000 1 0.000 1 0.000 1 0.000 1
HFEBE 0.000 1 0.000 1 0.0001  0.0009  0.0001
Ha 0 X HERE 0.004 4 0.004 7 0.0025  0.0047  0.000 8

* 7 : MSA/MSA .MSN/MSN.LSA/HSA #1 LSN/HSN 43 %]/t 2 100 mmol NaCl+ NHj -N/100 mmol NaCl-+ NH; -N.
100 mmol NaCl+ NO; -N/100 mmol NaCl+ NO;3 -N.25 mmol NaCl+ NH, -N/175 mmol NaCl+ NH, -N.25 mmol

NaCl+NOj; -N/175 mmol NaCl+ NOj -N,

LSA/HSA<MSN/MSN < MSA/MSA, i 4 ¥ &
B4R D) AR ¥k R LSN/HSN > LSA/HSA > MSN/
MSN>MSA/MSA,

MR 7 W] LUE L3R5 50 5 A (MS/MS) Z& 4
T .MSN/MSN % MSA/MSA 5 T3 N,
P.K.Ca.Fe ., Mn,Cu & &, X Mg Fl Zn [ 50 A~

Wl ZERAR T i A8 b B 5 A L R 2
(LS/HS)434i F,LSN/HSN # LSA/HAS &5 T
M N7 1%) P (20, 1%) K (4. 8%) . Ca
(20.1%) .Fe(28.2%) .Mn(3.2%) .Cu(14. 3%)
Zn(7.9 %) 1 ik, X Mg W I 52w o AR AN 25 v i) A8
5 A —F, A, SHFEDESR R MR85

KT RS ERSHNAARSEN RN EEREIEER LIRS ENEMERRE
Table 7 Interactive effects of unequal salt distribution and nitrogen source on main nutrient elements content

in different tissues of cotton seedlings mg/g

Fehh thoribl NZEBE N p K Ca Mg Fe Mn Cu Zn
M MS/MS  NH; /NH/ 20.1c 5.84b 5.01d 1.36d 0.26d 1.81c 0.337d 0.168c¢c 0.483 ¢
NO; /NO; 20,2c 5.76b 7.73b 2.04b 0.8 b 2.46b 0.591b 0.216b 0.839Db
LS/HS NH, /NH/ 24.9b 6.68a 7.29c¢ 1.72c¢ 0.44c 2.23c 0.460c 0.242a 0.824Db
NO; /NO; 2601la 6.75a 8.94a 2.47a 0.97a 2.64a 0.759a 0.248 a 0.892a
2% MS/MS  NH; /NH/ 7.4d 1.94c¢ 2.30c 1l.14a 0.13d 0.43c¢ 0.078c¢ 0.032c 0.293b
NO; /NO; 81lc 2.13b 2.91b 1.09a 0.19¢ 0.31d 0.099b 0.057b 0.318a
LS/HS NH, /NH; 8.4b 2.48a 2.90b 1.06a 0.23b 0.85a 0.113a 0.058b 0.293b
NO; /NO; 9.9a 2.52a 3.76a 1.08a 0.26a 0.49b 0.107a 0.079a 0.324 a
- MS/MS NH; /NH,/ 25.5d 2.99d 2.96d 2.10c 0.21b 0.67d 0.147d 0.037d 0.458 a
NO; /NO; 26.5c 3.64b 3.18c 2.42b 0.22b 0.88b 0.165c¢ 0.044c 0.431Db
LLS/HS NH, /NH; 28.3b 3.33c¢c 4.37b 2.14c¢ 0.35a 0.71c 0.187b 0.049b 0.430 b
NO; /NO; 30.3a 4.00a 4.58a 2.57a 0.37a 0.91a 0.193a 0.056a 0.464 a

ARG [ — 51 5= B AR AR O 22 5 B3 (P<<0. 05),
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