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Response of spectral reflectance and photosynthetic characteristics of fast-growing
poplar ( Populus) to different straw layers in secondary saline-alkali land in the
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Abstract: Soil secondary salinization an escalating problem worldwide, especially in arid and semi-arid regions. Plants
growing in salt-affected soils may suffer from physiological drought stress, ion toxicity, and mineral deficiency that lead to
reduced growth and biomass. At present, in the study of secondary salinization soil amelioration, more attention is focused
on the influence of soil salt ions, and soil physical and chemical properties than on the evaluation of amelioration and
vegetation restoration. However, this assessment does not simultaneously consider the effects on the growth and physiological
conditions of vegetation. Utilization of the straw layer in soil is a widely used and effective measure for soil salinity control.

To study the response of the speciral reflectance and photosynthetic characteristics of fast-growing poplar ( Populus) to
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different straw interlayers, a field experiment was conducted in the typical secondary salinized land of the northwestern
salinized and ecologically fragile area of Ningxia. The experiment was established with four treatments; straw interlayer
(B), straw mulching (M), straw interlayer plus straw mulching (B+M), and no addition of straw interlayer (CK). All
treatments were arranged in a randomized complete block design with four blocks. Based on the change of soil salt and water
in the background, the response of the straw layer was studied by analyzing the spectrum and photosynthetic characteristics
of the fast-growing poplar. The photosynthetic rate, pigment content, nutritional status, and stress of the above-ground
plants under different straw layer conditions were measured to more accurately reflect the effect of each treatment on saline
soil improvement and above-ground vegetation restoration. It is of great significance to further study the physiological
indexes, such as reflectance spectra and photosynthetic characteristics of plants. The results showed that: (1) different
straw layers had different effects on water and salt regulation, resulting in different soil conditions among different
treatments, which caused changes in pigment content, nutritional status, and physiological and biochemical conditions of
the plants; (2) by detecting the plant reflection spectrum and photosynthetic characteristics, changes in plant growth and
physiological conditions could be reflected. Based on this, we could use the reflectance spectrum and photosynthetic
characteristics of fast-growing poplar to respond to different straw layers and more accurately assess improvement measures.
The maximum net photosynthetic rate and saturation light intensity of B, M, and B+ M treatment were significantly
increased, and the B and B+M treatment light compensation points and dark respiration rates were significantly reduced. B
and B+M treatment significantly increased the leaf photosynthetic rate (Pn) , transpiration rate ( Tr) , stomata conductance
(Gs), and intercellular CO, concentration (Ci). The spectral reflectance of plant leaves, chlorophyll content of the B+M
treatment was highest, and photosynthetic and nutrition performed best. Compared with that of the control group, other
spectral reflectance indices significantly improved. The B and M treatments also significantly improved chlorophyll content
and photosynthetic characteristics, but were less effective than B+ M; (3) the experimental study showed that the
reflectance spectrum and photosynthetic characteristics of fast-growing poplar responded differently to different straw layers.
The straw layer helped to improve the physiological condition of fast-growing poplar. Based on the results of comprehensive
reflection spectrum and photosynthetic characteristics, B+M was the most suitable straw layer model for the improvement of

secondary saline-alkaline land in the Northwest Yellow River irrigation area.

Key Words:; secondary saline-alkali land; straw layer; spectral reflectance; photosynthetic characteristics; fast-growing

poplar ( Populus)
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Table 1 Soil basic physical and chemical properties of the study field

N IR F L ‘ . R 3554 Soil nutrient/ ( o/kg)
. o A W mmkn s — T
IR . Electrical Sodium . . AT 2R AR AR
. Bulk density/ .. pH . . Field Capillary
Soil texture 3 conductivity/ adsorption ratio/ . . Organic Total Available Available
(g/em”) 0s capacity/%  porosity/ % . .
m mmo. : matter nitrogen osphorus otassium
(dS/m) ( /L) it trog phosph: pot
[z
UREL 1.52 17.9 7.2 15.5 21.3 28.1 343 0.31 7.36x1073 5.53x1072

Sandy loam

1.2 ke 53t
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3 m, ARAHCHRAS 1 mx 1 mx1 m, SRR Y 77 =X, 25 08N ) Mk R 2% IR A 0 5 e BE S B OO
W AT 5 S 200 mm, 7E 4 7 F 10 A #EATHENE 4 30 R —w7
1.3 8 N KT ik
1.3.1 JGif%ss

ARSI FH Unispec-SC Y3 ( PPSYSTEM , USA ) P i 0 5 S S 5635, Hoipe K 52 3 il 310—1130 nm,
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Table 2 The spectral reflectance indices used in this study

gl B e 1 £ FHEHARX SCHRA U
Description Spectral reflectance indices Acronym and Formulation References
H— b2 EFR AL (Ras0 = Raps)

2R R I3 —1kfs ChINDVI = —————— (18]
Normalized difference indices A (Rqsp + Ryps)

(R750 - R705)

5 R AL A — PR B EL mNDyys = R + Ry = 2 ) [19]
e BT A A SR = Ei)%; 0
o SRR R stpp = (e )
HOP 3 R PSRI = (R“’R;R") o
P T S pRI = Lo - o) (2]

 (Ryyy + Rypp)
Chl NDVI; M-2¢ % 5 — 4k 38 %L , Chl normalized difference index; mNDs : R 430 3 — AR A 9 48 £, Modified red edge normalized difference

vegetation index;mSRgs : B KA — b 2Z 5%, Modified red edge ratio; SIPT 2544 R R4 K 54X, Structure-insensitive pigment index ; PSRI; A4 %
TR HL, Plant senescence reflectance index; PRI 4 B S5 %X, Physiological reflectance index

F D GIE I — A6 oA, K S S5 i BUE e T — B il Ak B BR300
R = (Ray —Rap )/ (A = A4)

A, A RIEE G HIIKAL, R, A, OGRS, R () R § BB — BB, IF7E 680—750
nm {5 A e L0
132 MAESH

ARG A H] LI-6400 S G /E 20 B (Li-cor, USA) |, 645 K0 B B I 0TI 5 3 A= A DL B e, e
B R EE A HR (P pumol m™ s7™') ZEEH A ( Tr ,mmol m™ s7') RALFAE( Gs ,mmol m™ s7") |
a8 CO, MR IE ( Ci , wmol/mol) A F 7K 43 F| SRR ( LWUE, wmol CO,/mmol H,0) ZEY6A 645, [A] B id 5% 21
5 COMEE( €, ,pmol CO,/mol) JGAA RS (PAR, pmol m™ s™) FFHEE ¥,

F AR B A U LA AT S Ry o AR AU 5 2 A B ) A SRR AN

Pn = (PAR + Pn,_ - ./(PAR + Pn__) > — 4PARk Pn__)/2k - R,

K, Pn HEOEEHEF, HERIE TR (mol/mol) ; PAR NG A BERST (pmol m™ s7™") 5 P, i KiEHE
A (pmol m™ s) 3 R, AREIEIEE (pmol m™ ™) 243
133 +HSH

M SNEIW TR RAE LR, RIEEKE RO E R T, R E EhE R R AW R AT KT
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Fig.1  The spectral reflectance and first derivative in red area ( 680—750 nm ) of fast-growing poplar leaves under different

straw interlayers
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Fig.2 Changes of the reflectance spectrum indices of fast-growing poplar leaves under different straw interlayers
Chl NDVI. M4 % 4 — 4k 45 %X, Chl normalized difference index; mNDsys : 8 B £1 371 5 — fk A5 9k 45 %%, Modified red edge normalized difference
vegetation index; mSRys : 0 B I — 1k 22 {EF5 %L, Modified red edge ratio; SIPT: 45 F AR (5 Z 45 %L, Structure-insensitive pigment index ; PSRI ; 4
W) US4, Plant senescence reflectance index ; PRI A= 135 %4, Physiological reflectance index
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28.07%M124.56% ., B 5 M e JGHAK) Pn 5 B+M I AR A fbta %y, JF HAR & % = F CK, KT B
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() Tr 2L RN IR Gs B, Tr tdek, NIt 4 FhAb B A= Tr AR ka3 5 6s A, 55— 5 i,
WAL T P B TR I FRAR Tr S48 5 LWUE, 44 LWUE MK SRR A # 3, B 25 5 oA
S B M B+M () LWUE #JF CK K (P<0.05) . M B Ci & a2 fbia %S Pn | Gs A1 Tr
AN, 45 b B ) 6 0 25 SR 8 3 R RS B B+M 388 35 KF CK(P<0.05)

R3 ERFEENMBRIAARTAENEEGTLESH
Table 3 Photosynthetic parameters of fast-growing poplar under different straw interlayers indifferent periods of growing season

JalE] CO, ¥R ( Ci)

i - BORAHE (P LRI IR T RS (LVUE)
Month Treatments Photnsynthe;tzlc _r]ate Stomata con(_l;lct_alnce Transplran?; r_alte concentration Leaf water use efficiency
/(pmol m™s7") /(mmol m™ s™") /(mmol m™*s7") /( mol/mol) / ( mol/mmol )
5 CK 10.93+0.75a 69.80+2.72a 3.58+0.24a 192.80+4.60c¢ 3.05+0.05b
B 11.07+4.58a 66.34+1.80a 3.60+0.08a 229.44+7.26a 3.02+0.16b
M 10.88+10.36a 65.61x1.42a 3.49+0.31b 182.81+6.27d 3.20+0.31a
B+M 11.01+0.45a 62.28+3.25b 3.61£0.11a 207.63+4.40b 3.05+0.18b
7 CK 5.13+0.74¢ 42.52+2.34h 2.10+0.07¢ 226.38+10.56a 2.44+0.34b
B 6.04+0.07b 46.34+3.21a 2.35+0.06b 227.17+5.78a 2.57+0.07a
M 6.22+0.18b 47.83+1.90a 2.44+0.10a 223.03+3.79a 2.56+0.18a
B+M 6.57+0.32a 42.84+3.32b 2.55+0.03a 203.22+6.49b 2.57+0.11a
9 CK 4.27+0.16¢ 36.58+2.82¢ 2.10+0.09b 178.06+2.59¢ 2.03+0.01b
B 4.54+0.13b 43.09+7.96b 2.14+0.02a 197.77+11.98b 2.12+0.08b
M 4.66+0.28b 41.13+1.57b 2.16x0.01a 217.57+3.02a 2.15+0.13b
B+M 5.31+0.99a 50.08+4.49a 2.24+0.09a 223.97+7.58a 2.37+0.34a

[R5 BA N 3 R Ab B A] 22 57 1 2 ( P<0.05) 5 CK . 25 A 5T R, Blank control ; B IR F5FF )2 , Bury straw interlayer; M ; 7 3 7% #T )2, Straw
mulching ; B+M : I L5 78 55 /5 FF )2 , Straw interlayer plus straw mulching
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B0 PAR (RN RANETHIG, W PAR OB 2
Z
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[’}

FFHTF 0 4 FILLELE] Pr XF PAR B0 22 58 B 8
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s, Pn ERAEBERREGFEAEE( P, ), PAR ¥ £
HIS (LSP) , 24 250 wmol m™ s, 7E ML My Bt Pn B %5
PAR B ihE EFF, %M PAR RE1ZH BLp £ % K
T, RAIRRE ., €, .Ci FABASKE WX # A 1

A AR
Photosynthetically active radiation/(umol m™2s™")
B3 FREEFEEEGIH RS E R SR R HEH
Fig.3 Photosynthetic rate-light response curves and simulation of

fast-growing poplar under different straw interlayers

JCEAERP A2, Y PAR @il LSP, #5403 Pn i PAR RN JCHA A4k Sme i th Zeta 1122

Mk 4 PR, 25 A BRZE CK AR T AZRRGL M Ao i 280l . 7 220 &M, 5 CK M L, A FS
FFIZ B = Rl Ah BE RGN BHCE BE 255 . B M FI B+M B Pn,, 5 LSP #5825 (P<0.05) , Hd B+M £
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Table 4 The model fitted values of photosynthesis-light response parameters of fast-growing poplar under different straw interlayers
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yield/ ( mol/mol ) /(pmol m™ s7") o /(pmol m™ s7) /(pmol m™2 s7!)
rate/ (pumol m™ s7')
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Fig.4 Soil water content in the different stages under different straw interlayers
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Fig.5 Soil salt content in the different stages under different straw interlayers
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