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Abstract

[ Object] Xinjiang is the largest cotton production base in China. In the context of modern cotton cultivation
in Xinjiang that emphasizes cost saving and efficiency improvement, the application of 1,1-dimethyl
piperidinium chloride (DPC) through root drip irrigation has potential advantages of reducing the cost of
manual and agricultural machinery operation required for traditional DPC foliar spraying and avoiding
damage to cotton plants caused by mechanical operations. However, there is still a lack of systematic research
on the physiological mechanism by which drip DPC induces cotton plant response through root absorption,
especially the appropriate drip application dose of DPC and the pathway driving yield formation for different
DPC sensitive cotton varieties are still unclear. The weak research on relevant basic theories has limited the
promotion and application of drip DPC technology in cotton in Xinjiang. Therefore, this study systematically
investigated the response patterns of root zone soil microenvironment and root growth, lateral root hormone
signals and transcriptome, photosynthetic physiology and matter accumulation, yield and quality, as well as
residue analysis to drip DPC application by setting different combinations of DPC dosage and DPC sensitive
cultivars. It clarified the regulatory mechanisms of drip DPC on root growth and physiological characteristics,
and its action pathways affecting aboveground growth, development, yield and quality formation, and
comprehensively evaluated the application potential of drip DPC on cotton cultivars with different DPC
sensitivity. The research results are of great significance to enrich and develop the green and simple
cultivation technology system of water, fertilizer and pesticide integration.

[ Methods] The experiment was conducted in the experimental field of the Cotton Research Institute of
Xinjiang Academy of Agricultural Reclamation Sciences from 2023 to 2024. A two-factor split plot design
was adopted in this study. The main plots consisted of two cotton cultivars, which were DPC sensitive cultivar
Huiyuan 720 (H720) and DPC insensitive cultivar Xinluzao 74 (L74). The sub plot was DPC treatment, which
includes no DPC (Do, 0 g ha™! in both years), foliar spraying DPC (Si, 330 g ha™! in 2023 and 375 g ha ! in
2024), drip application of the same dose as spraying DPC (D1, 330 g ha ! in 2023 and 375 g ha™! in 2024),
drip application of 4 times the dose of spraying DPC (D4, 1320 g ha ! in 2023 and 1500 g ha! in 2024), and
drip application of 6 times the dose of spraying DPC (Ds, 1980 g ha™! in 2023 and 2250 g ha™' in 2024). The
root zone soil microenvironment factors, root morphology and distribution, root physiology and
transcriptome sequencing, leaf photosynthetic physiology, matter accumulation and distribution, *C isotope
tracing, machine harvesting suitability index, yield and quality and DPC residue were systematically
measured during the key growth stages of cotton.

[ Results J(1) Dripping DPC can promote the stable establishment of oot architecture and indirectly improve
the water and salt transport environment in the root zone. Dripping DPC could affect the dynamic changes
of soil moisture content (SMC), pH and electrical conductivity (EC) during the growth period. In particular,
the increase of SMC in 0-60 cm soil layer and EC in 0-20 cm soil layer from peak squaring to peak flowering

stage, and pH in 20-60 cm soil layer from peak squaring to peak bolling stage of H7zo in D4 treatment



increased by 0.2%—15.7% compared with Dy treatment. Compared with Do treatment, the increase of SMC,
pH and EC in 0-40 cm soil layer of L74 in D¢ treatment cultivar decreased by 0.1%-3.2%. At the same time,
the peak soil respiration rate at the flowering period of H7z in D4 treatment and L74 in D treatment increased
by 8.1% and 23.1%, respectively, compared with Dy treatment. In addition, the total root dry matter density
(RDMD), root length density (RLD), root surface area density (RSD) and root volume density (RVD) of H7o
in D4 treatment and L7 in D¢ treatment increased by 3.3%—29.9% compared with other treatments. Among
them, the RDMD, RLD, RSD and RVD of 0-40 cm soil layer increased by 0.5%-50.3%. The specific root
length increased by 0.6%—11.1%, and the specific root surface area and specific root volume decreased by
0.1%—6.2%. Lateral root activity (LRA), lateral root hexose and starch content at the peak squaring stage,
peak flowering stage, and peak bolling stage increased by 0.1%—108.8%, while sucrose content decreased by
0.2%—-56.5%. Correlation and path analysis indicate that root morphological parameters were significantly
negatively correlated with soil microenvironment factors, and significantly positively correlated with lateral
root activity and non-structural carbohydrate content. Among them, SMC was the main external limiting
factor restricting root growth, and LRA was the core internal driving factor promoting root growth.

(2) Dripping DPC can induce the expression of hormone related genes in lateral root, regulate hormone
homeostasis, promote lateral root formation and enhance stress resistance. The contents of auxin (IAA) and
abscisic acid (ABA) in the lateral roots of H7z9 in D4 treatment and L74 in Ds treatment increased by 1.0%—
199.7% and the content of gibberellin (GA3) decreased by 0.7%—52.1% compared with other treatments in
the 0-60 cm soil layer at the peak squaring stage, peak flowering stage, and peak bolling stage; IAA/GA3
increased by 11.9%-526.6%, GA3/ABA decreased by 2.0%—717.7%, and the IAA/ABA in the 40-60 cm soil
layer at the peak flowering stage increased by 5.9%—114.2%. In addition, the differentially expressed genes
(DEGsS) in the lateral roots of H7y in D4 treatment and L74 in Ds treatment at the peak bolling stage were
enriched in molecular functional terms related to hormone related biological processes. Among them, 6526
DEGs in H7yg cultivar were enriched in 131 metabolic pathways, focusing more on the hormone core pathway.
At the same time, the expression levels of key genes GhIAA20, GhAUX, GhGA3ox] and GhABF4 in IAA,
GA and ABA signaling pathways of H72o in D4 treatment and L74 in Ds treatment compared to other treatments
were increased by 2.1%—888.0%, while the expression levels of GhGA20x1 and GhPYL4 in the GA and ABA
signaling pathways decreased by 2.4%-56.3%, thereby synergistically regulating hormone signals in lateral
roots.

(3) Dripping DPC can optimize leaf physiological functions, improve photosynthetic production
performance, and drive the distribution of assimilation products to roots and bolls. The specific leaf area of
H720 in D4 treatment and L4 in Ds treatment decreased by 0.7%—4.8% compared with Dy and other drip DPC
treatments at peak flowering stage, peak bolling stage and late peak bolling stage; Chlorophyll content
increased by 1.2%24.1%; transpiration rate, intercellular carbon dioxide concentration, stomatal
conductance, maximum photochemical quantum conversion efficiency of PSII and non-photochemical
quenching coefficient decreased by 0.4%—41.6%, net photosynthetic rate, actual photosynthetic efficiency of
PSII, relative electron transport rate of PSII and photochemical quenching coefficient increased by 1.7%—
41.6%; leaf IAA and GA3 contents decreased by 4.6%—60.6%, while ABA content increased by 6.1%—45.6%;

leaf hexose, sucrose and starch contents decreased by 2.8%—35.7%, and there was no significant difference
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between the above indicators compared with S; treatment. In addition, the dry matter accumulation of
reproductive organs (RDMA), the proportion of reproductive organs to total dry matter (PRTDMA), the
maximum accumulation rate of reproductive organs and the maximum theoretical accumulation of
reproductive organs of H72 in D4 treatment and L74 in D¢ treatment increased by 3.5%—76.9% compared with
Dy and other drip DPC treatments; '*C uptake and distribution rate of roots and bolls increased by 0.02%—
117.2%. Correlation analysis showed that RDMA and PRTDMA of the two cultivars were significantly
positively correlated with photosynthetic performance, with L74 cultivar exhibiting a certain degree of non-
synergistic transport of assimilates.

(4) Dripping DPC can shape the plant type suitable for mechanical harvesting, optimize boll distribution,
promote the increase of yield, and reduce DPC residues. Compared with Do and other drip DPC treatments,
the growth days from peak squaring stage to bolling opening stage of H7zo in D4 treatment and L74 in Ds
treatment were shortened by 3-9 d, plant height, fruit branch length, plant width and fruit branch initial
section height were reduced by 1.3%—47.8%, and stem diameter was increased by 1.7%—11.1%; the number
of remaining leaves and hanging leaves per unit area decreased by 1.7%—59.1%, and the defoliation rate and
boll opening rate increased by 0.05%-8.8%. At the same time, the number of lower, middle, inner and
peripheral bolls of Hyzo in D4 treatment and the number of middle, inner and peripheral bolls of L74 in Ds
treatment increased by 1.5%-75.0% compared with Dy and other drip DPC treatments. In addition, the boll
number, boll weight, seed cotton yield and lint yield of H7z in D4 treatment and L4 in D¢ treatment increased
by 0.2%-8.5% compared with D and other drip DPC treatments, and there was no significant difference in
yield and fiber quality compared with S; treatment, but the DPC residues in cotton plant decreased by 46.5%—
71.0%, and the DPC residues in soil were lower than the maximum residue level established at home and
abroad. The structural equation model indicated that the yield formation of H7z9 cultivar depended on the
increase of boll number driven by stem diameter and the sustained drive of photosynthetic rate on
reproductive organ biomass, but its roots were susceptible to water and salt inhibition, which negatively
affected the yield. The yield formation of L4 cultivar was determined by the boll number driven by stem
diameter, the photosynthetic rate driven by chlorophyll, and the antagonistic regulation of IAA and GA3 to
optimize the source-sink relationship, its root system was inhibited by salt but does not directly affect yield.

[ Conclusion] For DPC sensitive cultivar and DPC insensitive cultivar, drip application of 4 and 6 times the
dose of spraying DPC, respectively, promoted root architecture establishment by regulating endogenous
hormone signaling and related gene expression in the lateral root, which indirectly improved the water and
salt transport environment in the root zone; enhanced the photosynthetic performance of leaves and reshaped
hormone homeostasis, driving the distribution of assimilates to reproductive organs; shaped the compact
plant type suitable for mechanical harvesting and optimized the spatial distribution of cotton bolls, ultimately
achieving yield and quality levels equivalent to spraying DPC, thereby demonstrating the potential to replace
foliar spraying.

Key words: Root drip application; DPC response; Root development; Source-sink relationship; Yield
formation

Type: B (Applied Research)
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(Aldakhiletal., 2019). [Hlit, HRZE—FhlEfif, K84 B3R5 L DPC Jiti A 77 =4
X} 58 T SR Ak (LR TR A R R R B S H B

B BT T A I — R A AR AW R DS BRAE r= Je oK, B KR “/K AR
R BOR, BRI RGO K . FERAIZ CREF. A BAFIBRE RS 8
AR BN, AR RGFWIBTaRCR, HEAE TAMKMS (Ghidiu
etal.,, 2012; BT, 2019; JEXKHE, 2023). FREHaRAEAE2E T WREMNZE (8~12 70,
it DPC R, LK DPC AMY AT LA T RIS, AT S AR R . [RIR
DPC B 7K it v] LA R AR e As, I8 s R LR AR AR 4G . PRk, 7E “ /KRR —
AL "B, K DPC Bl 7K i H A E ) S AT AT 1 CTRRR AR, 2022a; 26354158, 2023a).

ITAERF AR, il DPC X R A6 A= K 32 25 R 5 i B i DPC AR, HAR &K
& SRR AN, KM DPC AT LLE IR RO IEZA R, FIR SR R A
—EMREIER, A BT 4ERrK o X M IEE R, 28171, BT DPC 5 # 3% it
HAE R 5t DPC AR AN FEARRIE L, H DPC XARAE 1 3% R IE 5 5 ot
DPC WU Z RIEE AKX, FE DPC BE /K it 19 8 H AT A7 £ H #E (Bogiani and
Rosolem, 2009; KHF%:, 2022a; fibR%E,2025). HAEl, %t DPC M8 2 sE,
I FRAREKRE, ML= ERRN AWM, LI ZHEBE DPC FlE 54
5] DPC 5 b by [5) R B ATh B 2 R B fie b o

1



B1E %t BAFAFELTFMILT

S, BAMBGR: A XSANE DPC SURAL LR, R td BT B DPC W] I I
MRAER R MG S 2HLH, FSRAEKKE, HFRERX LREEAE; [, DPC 4R
AR, PR A B, RS YR 2 A AR B AR G, AT B[R IR
P AR S P R A R

BRI, AHEIL B RS~ it DPC /2% T, AR DPC BUREY G FER SRR IE
AR X S 52 5 T TR LA PR 22 S A e SR ) SR It DPC 2R AR IR SOm 3ot 3
AR R E K A BRI &4 RS SR LI () DPC A B &, ZRa1F
#riFfiite DPC £ [F] DPC SURAUMRAE i A LA SRR 770 BF T 45 R 238 B e AR A B4
W71, FEAKIEL G2 AR L E P sk R R R R R A E
L FEARAME I L AR T 5

1.2 ERSMAZRINIR

el 2 ZERL (Malvaceae) W& (Gossypium) W)—FEABZEATAMEY), &K
WM TYNME, FEFMIESE, DAE Z RSN RO — AN EAEY . RETE
TR 3 SR AR, A Gt A AR 2 32 SO T 57 3h B SR B RRS BH A, (ELEN 21 tHAZ DK,
b6 K 555 ) 7 1) 3 T S R AR BRUA (R AN W22 T, #1120 T iRAE P T RSk J, Ib
R E I AEL 8 (Feng etal., 2022), £ X1IX—RFIBkEL, | KARAERHE TAEN GIXT
TGRSR E R SR LW EE BOR AT R QIR SR @S 7 HoA T [E Re (R 1832 T AL
S RERA GESIE, 2016).

HCAEk, DAHTEE Y R AL AR RRAE - X, KA R mBEMRER (HE
201700 “REL B RO ORI BB R R AREEE, B8 CRE SR 2TTgE
GEIREE N B b SR EE, SN B IR FER G, i 55 R AN A BT SR A6 ] v RS T R
LR SREEREHOR (HALCEE, 2017). HA, DPCALTREIAR S “%%. %, H7
Wiz OB BIREA RUERAERR . Dy s LA QG & B RHA SR, IEH (Rt AE R
FHIER], ABZFARAE R RN EAAAAEBOR B 23 8] (AL IS, 2017, 2635145,
2021; FREFEE, 2021)0 PRI, FEBT SRR A6 A 77 X0 42 1w ROk B 77 oK H s e il 5 R,
IRAAGREE DPC [F)R e N ZAl,  IFE— B HE#E R QT uE DPC R IEHIR, X IREE
SR X A B AT 4 2 R LA B S R S

1.2.1 MIEETRUESEARNEARSENH
1.2.1.1 G ARAIE

i1 (Mepiquat chloride) & — R AN 1242 th R A KIE LR, L2 AR
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